-1: "A sem conductor nmenory". The present inventioggslfzt
sem corduct or nenory. More particularly, it rela a senlconductor

nﬁqa(y which is constructed of M SFETs (Metal -1nsul at or-Sem conduct or Qgéﬁh
\_Effect Transistors) represented by MOSFETs _ .

(thal Oxi de- Sem conductor Field Effect Transistors) (hereinafter

abbreviated to "MJS'). Hereinafter, a P-channel MOSFET and an N- channel

MOSFET shal | be respectively called 10 "P-MOS" and "N-MOS', and a

conplenentary MOSFET with both the MOSFETs conbi ned shall be called "CM3S".

A pair of data lines connected to a sense anplifier as are fornmed in

parallel with 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 enments and al so has few -2- connections, and
therefore has the advantage that the size of the nmenory cell is snall

For .this reason, a sem conductor nenory enpl oying one-el enent type nenory
cells is being put into extensive use 5 as a dynam c RAM having a

| arge nmenory capacity. Since the perforiance of a sense anplifier

"A semiconductor memory".

‘'The present invention relates to a

"semiconductor memory. More particularly, it relates

B

-

to a semiconductor memory which is constructed
of MISFETs (Metal-;nsulator—Semiconductor'Field

5 Effect Transistors) fepresented by MOSFETs
(Metal-Oxide-Semiconductor Field Effeqt Transistors)
(hereinafter abbreviated to "MOS™).

Hereinafﬁer, a P-channel MOSFET and an

N-channel MOSFET shall be respectively called

10 "p-MOS" and "N-MOS", and a complementary MOSFET
with both the MOSFETs combined shall be called
"CMOS". A paip_of data lines connected to a
senée amplifier as are formed in parallel with each
other shall be named "folded data lines".

15 -~ The so-called one-element memory cell
which is COnstructed of one MOSFET and one

capacitor has few elements and also has few



t

in the dynamic RAMis greatly influential on the operation margin of the
frory, the sense anplifier is the nost inportant in the circuit design as
,{éggfl to the one-el enent. type nenory cel

In addition, the sense

nplifier nust be forned in one sen1conductor substrate together wi t h\ehe
menory cells by the sem conductor integrated circuit technology efficiently
so as not to require a 15 Iarg@ occupyi ng area. On the other hand, in
t he dynamic ‘/RAM the structure of the nmenory cell nust be considered so

that a sof tecRiiedt Prid] ai@dthoranone- Rakt kel advanRhgepatdtcl e) is
preventable. . Further, when 20 integrated to be unitary with the sense

anplifier,

ﬂHEESﬂﬁﬁHQ@(xﬂé nemoegucetl e baahilgh i Forhahipeed of read-out

of an information. It is an object of the present invention to enhance the
per f or mancereafsom dynasemidddwbtoh @Bmory esployinguoned edfemsnes- el enent
type nmenory cells, owmng to a specific conbination between the - 3-
structure dfype smammrnngpeliseisabdingepstr dotor exéensioenmramy cel |
According to the present invention there is provided a dynam c type
senbconductad® arslnamic RAM havingi aglarge memory capacity.

10

15

20

25

Since the performance of a sense amplifier
in the dynamic RAM is greatly iﬁfluential on the
operation margin of ;he memory, the sense amplifier
is the most important in the circuit design as
to the one-element type memory cell. In addition,
the sense amplifier must be formed in one : k)
semiconductor substrate together with the memory
cells by the semiconductor integrated circuit
technology efficiently so as not to require a
large occupying area.

On the othér hand, in the dynamic RAM,
the structure of the memory ceil-muét be considered
so that a soft error attributed to an & -particule
(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 invehtion
to enhance the performance of a dynamic RAM which
is constructed of one-element type-memory cells,

owing to a specific combination pétweén the

i~



(a) a plurality of pairs of data lines to which nenory cells are connecte

(b)" differential anplifiers each of which anplifies a difference between

si gnal magni tudes 10 appearing on each correspondi ng pair of data

| i nési_said each differential anplifier including a pair of P-channel
MOSFETs whi ch have their drains and gates cross-coupled to each other and
whi ch have the drains connected to the_carresponding pair 1.5 of data
lines respectively, a pair of N-channel MOSFETs whi ch have their drains and
gates cross- coupled to each other and which have the drains connected to

t he correspondi ngepactupé d8ta kense amppadiiereland amk asructiitewhi ch
controls positive 20 f eedback operations of both MOSFET pairs; (c) a
plurality of wordfl|thesmemohyotedti.ch is arranged in a manner to intersect
with both of the pair of data lines; and (d) a precharging circuit which
sets 25 sai d respectiiecpadiagotod&h® pireserndt imyErition athéneer nedi at e
between two potentials representative -4- of binary signals to be stored
in said nenory cks$|provédedeat Hynpadrt itypef sedtiadndpetant inemonye start ed.

Preferably the control signals with
including:

(a) a plurality of pairs of data lines
to which me@ory cells are connected;

.(b) differential amplifiers each of which
amplifies.e difference between signal magnitudes

10 appearing on‘each corresponding bair.of data iines;
N ~~ said each differenfial amplifier including a pair
of P-channel MOSFETe which have their drains and
gates cross—coupledlto each other and which have
the drains connected to the corresponding pair
18 of data lines respectively; a pair of N-channel
| MOSFETs which have their drains and gates cross-
coupled to each other end which have the drains
connected to the corresponding pair ef data lines
respectively, and a circuit which controls positive_
20. feedback operetions of both MOSFET pairs;..

(c) a plurality of word lines each of
whieh is arranged in a manner to intersect with
both of the pair of data lines; and

| o (d) a preChafging circuit which sets
25 said respective pairs ef data lines at a potential

intermediate between two potentials representative



whi ch the positive feedback operation of the P-channel FET pair and

~of the N-channel FET pair are started at different tinmngs, are

lied to the positive feedback operation- control circuit. 10

-"The present invention will now be described in greater detail by way oL/
exanple with reference to the acconpanyi ng draw ngs, wherein: -5- Figure
1 is a diagramof a sem conductor nenory systemin a dynam c RAM (D RAM ;
Figure 2 is a block diagramof_a, D- RAM Figures 3A and 3B are waveform
di agrans of 5 the DDRAM Figure 4A is a block diagramof a'first
enbodi nent of .a DDRAM Figure 4B is a waveform di agram of the D RAM shown
in Figure 4A; 10 _ Figure 4C is a block diagramof a second
enbodi ment o3f piikary RAdndIIWE K s6oPedayaf aaiidnaaoafp of the D RAM shown
in Figure 4C, Figure 4E is a block diagramof a third 1 ' enbodi nent
of a D- RAMcelilgyr @efdries theigasi tivle apeadbatkaoperations

z\

are started. : - ' .
Preferably the cqntrol.signals with

5 which the positi?e feedback operation of the
P-channel FET pair and that of.the'N-channel
FET pair are started at different timings,
are applied £o the positive feedback operation-
control circuit.

10 " The present invention will new be
described in greater detail by way of'example
with reference to the-accompanying.drawings,

wherein:.



ehbodi ment 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 I

Figure 6 is a diagrammatic arrangement of a fifth enbodi ment of a 2-mat

tyﬁg RRAMIC  Figures 7A and 7B are partial |layout pattern diagrans of the
t type DDRAM I Cs shown in Figure 6; 25 - Figure 8Ais a

perspective structural view of a rrermry-(ﬁel-k Figure 8B is a perspective

" structural view of a dummy cell; Figure 9A is a diagranmatic arrangement of

30 a nmenory array; -6- Figure 9B is a di agram of el d -
insulating filmin a nedd@ure 1gdr% Q@iﬂﬁme‘l":c?rﬁﬂE GPHgP&ﬁ'PSf a storing

capacitor in a oy |ﬂm§ 9D is a diagrammtic
arrangenent of m?i?&%ﬁ? ﬂ%?’%rﬁimﬁ/ array an ? Figures 10 to 35 are
sectional views of a C N%ﬁsmazﬂﬁs RANSTHEN dPaghem’ 6gpacD-RAM3t eps in the

[

manuf acture thereof. 10 Enbodi ments in which this invention
is applied to a dynami cMzmpl}A/ and oPR- Qremvefg:g@ diagrams of
5 . the D~RAM;

Figure 4A is a block diagram of a first
embodiment of a D-RAM; -
Figure 4B is a waveform diagram of the D-RAM
shown in Figure bLA;
10 Figure 4C is a block diagram of a second
- embodiment of the 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; S
Figure 5A is a circuit diagrem of a fourth
embodiment being a 2-mat type 64 Kbit D-RAM;
| Figura 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 £ifth 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 6; '
25 Figure 8A is a perspective structural view
' of a memory cell; -
Figure 8B is a '-perspective structural view
of a dummy cell; |
.Figure QA is a diagrammatic 'arrangement of

30 ~ a memory array;



nempry cells will now be described with reference to the draw ngs. The
jstruction of a dynam c nenory system 15 wll be explained with
-~ efence to Figure 1. First, a block diagram M5 enclosed with a dotted
ne indicates a dynam c nmenory system This systemis constituted by/a
D- RAM | C ARRAY portion in which aa@uwality of ICchips [err] of 20
a DDRAM are arrayed (hereinafter referred to as a "D-RAM'), a central
processing unit portion of a conputer (not shown, and hereinafter referred

to as a "CPU"), a i r,face &i [ e the CPU and t he D- RAM
25 M@% %&Lﬁ %ﬁ%‘%tggi%nﬁg%et ween the dynam c
Menory syssaladh: &g_lg:’liﬁmﬁ meaoydg0! ai ned. Address signals [err] are
signals for selec |éng th%%mgem[}m REF?;NT denotes a refresh -
grant signal for Figurenh roderdiagoam30f a of the D-RAM
V\Edenoteiawrlte en& 3qgnal | s a read-out and wite-down

i nst r uct BGRTLPENSAPRSGL V9L denotes a nenory start signal

f tart th d t
g5 for star ing the m@y& Ve @rucfga ifin \Aﬁ%ﬁ%ﬁ%?ﬁeﬁe [err] designate

i nput / out put data o es the CPU and the
D- RAM REEREQnémrgmalrmayaamI rasslunmqtmamgmd for the nenory
| nformation of th%‘i%u%“sﬂ 10 to 35 are sectional views of a
 C~MOS dynemic RAM showing the respective steps in
the manufacture thereof. .
10 Embodiments in which this invention is

applied to a dynamic RAM employ_ing_ 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.
First, a block diagram MS enclosed with a dotted
line indicates a dynamic memory system. This
system is constituted by a D-RAM IC ARRAY portion
in which a plurality of IC chips IC,, - IC_, of |
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"), and en interface circuit IF between the-
CPU and the D-RAM. :
25 Next, input and output signals between the
dynamic memory system and the CPU will be explained. o
Address signals A, - A, are signals for selecting N
- the address of the D~-RAM. REFGRNT denotes a refresh
grant signal for refreshing the memory information |
30 of the D-RAM. WE denotes a write enable signal,



The dynam c nenory systemw ||l now be explained on the D-RAM and t he

I nterface circuit 10 (I'F) separately. The D-RAMis nade up of an
array which-is formed into a matri x arrangenent of (n x n) words x B bits
in{dch’/a way that n.kbit integrated circuits received in individual IC

packages (hereinafter referred to as g(k_%] are 15 arrayed in a nunber
min each colum and in a nunber B in dach row. It shoul d be noted that
lkbit inidcates [err] = 1024 bits. The interface circuit IF will be first

descri bed. I t ] i 0Q. CQURO : - . ' (a) a
row address recelve JQ&F%\% %ﬁ” &ggegﬂg Q?Eé%&&%gl %né%"“‘ﬁts ‘Tnerr] anong t he
address si gnal Ssi[gai topngatat 4 thenD-RAMCPU Mgl deihioties” @ \wfdnicry hem i nt o
address signals ti mngs adapted to the operation of the .D-RAM. 25

(b) a colum ssimlv@rcmamms thecmemoryhorendtdon Ofnals [err]

gnal s of a??rqﬁ%%mbdt {8 Boabighale thivs/RRypD U Gt

(c) smn addressr@ﬁms%aﬁl ébup2es the CPU haddWeeT-RiMNal s [err]
anong the address signals [err] and which converts theminto address

signals of tinmREFREQAestgnatescaopefneisbnrequeiss signal for the
memory information of the D-RAM
The dynamic memory system will now be
expl_aihed on the D~RAM and the interface circuit
10  (IF) separately. The D~RAM is made up of an IC
. array which is formed into | a matrix arrangemen‘i: 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 m in each column and in a
" - number B in each :'gw. It should be noted that

1kbit inidcates 2 ~ = 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 = A; among the
address s:lgnals Ao - Ak transmit'l:ed from the CPU
and which converts them into address signals of

. timings adapted to the operation o.f the D-RAM.

25 (b) a column address receiver CAR which
receives the address signals Ai 1 A:j among the
address s:l.gnals A Ak and which converts them
into address signals of timings adapted to the
operation of the D-RAM.

30 | . " (c) an address receiver ADR which receives



D-BAM 5 (d) a decoder DCR which transmits a chip selection
cegnty ol signal for selecting the chi.p of the D-RAM (hereinafter referred to -
~ a1 - CSnt where m=7[err]). (e) a RAS control circuit RAS-CT which 10 .
" treAsmits a chip selection signal jand a row address introduci ng si gnahof
timngs adapted to the operation gf'th.e D-RAM (f) an address nultipl exer
ADM whi ch mul ti pl exes the address signals [err] and [err] 15 in tinme

sequence d ke r ' t,hemto £ h resh synchronous
gener at oﬁgsﬁh@ﬁlgé‘% gg’??ra?'ngnésjﬂ ti rﬁlmga#&o&\re érg% ﬁég he nenory .
i nf or mat gppnalst A B RBAMandOwhich converts thHém imtocédépéssddress counter
RAC whi ch transm ts refiresh address signals [err] in order to refresh the
" nenory i Algnadsi of dimingspadapted jto Xheiopexatienvef th® whose data |
I nput anBB put operations between the CPU and 25 t he D- RAM ar-e
swi t ched Me WE signal. (J) a control circuit CCT which transnits
5 signals for contrqdl)ing deeodedy DOFEWHIGHE drdiamfEN a RASLET, DBD and
: D-RAM The actions of the address signals within 30 : t he dynami c
nmenory s$elestion coplrod edsmalrfior selecting the chip of

the D-RAM (hereinafter referred to as "CS, - €S, " where

1
(e) a RAS control cirt;u_it RAS-CT which
10 transmits a chip selection signél and a row address

introduc:l.rig signal of timinés adapted to ‘Ehe opera‘i:ion
of the D-RAM. | o
(£) . an address multiplexer ADM which <

multiplexes the address. signals Ao_ - Ai and 1_‘_1‘ - A 3

15 in time sequence and then transmits them to the

D-RAM. | | | |

(g) a refresh synchronous generatof |
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 Ro - R1 in order
to refresh the memory information of the D-RAM.

(1) a data bus driver DED whose data
input and output operations between the CPU and

25 the D-RAM are switched by the YE signal. | _

~ (J) a control circuit C-CT which trensmits
signals for controlling the above-mentioned RAC, _.
ADM, RAS-CT, DED end D-RAM. '
The actions of the address signals within
30 the dynamic memory system will now be described.



The address signals [err] which are transmitted fromthe CPU are divi deg) o
into the two functions of the address signals [err] and the address signials”:
[err] within the dynam c nmenory system 5 More specifically, the
addfress/signals [err] are used as the address signals of nenory matrices

Wi thin the respective chips of the D- RAM.. gQa the other hand, the address
signals [err] becone the chip selection signal which, when viewed 10 from
the IC chip of the D-RAM determ nes whether or not the entire chip is
selected. Here, in conformty with the matrix within the 1C chip of the
D-RAM the addr €Bte sp@dnees| signade Ay dedy giedchhare fe anfdtidskedi gnal s
[err] are allotted 15 to the _selection of the row of the |IC chip array,

whi | e t hosefT¥® rihe oCPHeaze Sivigedhrintr theuficofunediomsRY array. Now,
[err] Signatee Haqer?s SRERALS. hp [orh] SPOVEhoaAdOE SRASS LA arc 1 ow
Sranar - hokparedhc TR Fob iR dtended BRatR-ES0ec Vel et
to the APNIthro%ﬂg&éhgpgégf%%alfyyjéggiéddress signels AO - Aj

sre used as the address signals of memory matrices

within the respective chips of the D-RAM.
On the other hand, the address sighals Aj+1 - Ay
become the chip selection signal which, when viewed
10 from the IC chip of the D-RAM, determines whether
\—/ or not the entire chip is selected. |
Here, in conformity with the matrix within the

IC chip of the D-RAM, the address signals A, - Aj are

0

s> designed thet the esddress sigﬁals Ay - Ay are allotted
15  to the selection of the row of the IC chip sarray,

while those Ai+ - Aj to the selection of the colum

1

of the IC chip srray.
Now, circuit operations withiﬁ the dynamic memory

system will bg'described. |

20 BAS signals or RAS, - RAS_ signals, & ﬁﬂéz signal
and a §K§; signal are rbw.address strobe signals,.while
e TES signel is & column address strobe signal.

. o~ Ai.and those Ai+1

are reSpe@tively applied to the ADM through the RAR

- A,

The address signals A j

25  and CAR.



- Wien the [err] signal has becone a certain level, the row address

nals [err] are transnmitted fromthe ADM and applled to the address
t mnals of the DDRAM At this %g , the colum address signals [err] 5
are prevented frombeing transnitted. Next, when the [err] signal has \«
beconme the opposite level to the above, the colum address signals [err]
are transm’tted fromthe ADM and applied.to the address termnals. At this

ti thegpt ﬁ;g-s 1 d b

tlrglrelsm tted fr om t N)I\#’r?’llg% hﬂgs\[/vgr rclonﬂé egég%?felggﬂs?l %%g?? [glr P]g and [err].

are gppli&d L8abBSs %g eﬁm naI rd Nerdh £pgat bBpmSequence in
BAERE TR 4T 3 B e

accordance w e s ©of rr] signal. Since a refresh control

Si gng#‘ [_@f,ﬁ] h§ QB%II'J.% 1€y nghghglady@sAQ\éMn;gﬁ &ACtnghe refresh address

signal s [err are not transmtted fromthe ADM e chip selection signals

A +1n-ﬂ<mar eAEO'ﬁH?r.rst eqn?eo tfheuaBi1hs ddardd® shgnsmsp;\sel ect iggn.control
signals CS1 (m= err]) whi ch principally select t hal ch|p§vmth|nthe

B RAbe ﬂsneeﬁeﬁ%eat oo Hedlsgatpandniftefedonverted into the [err] signals
- whose timngs have been control | ed by the RAS si gnal and 25 which are used

as the chyexsel enenng:rﬁemg signishe -y welsbmé sthet 6pgoeing signal s.
level to the above, the column address signals Aiﬁ - Aj
are transmitted from the ADM and applied to the address

terminals. At this time, the row address signals

I0 Ay - A; are prevented from ‘being transmitted from
the ADK. '
. . . \J
In this way, the address signals AO - Ai and
Ai+1 - Aj ere applied to the address terminals of
' s

the D-RAM in time sequence in accordance with the
I5 1levels of the TRI?.; signsal.
Since a refresh control signal R,q is applied
to neither the ADM nor the RAC, .the refresh address
signals RO - RE are net tra_nsmitted from the ADM.
The chip selection signals .Aj'+1 - A, are converted
20 through the DCR into the chip selection_.control signals

k -
CS1-CSm (m=2

j) ﬁhich principally select the
chips within the D-RAM. ‘I‘he converted signals sare
further converted into the Eﬁ; - R_A'é; signals whose
“timings have been controlled by the RA_Sa siénal and

RS which are used as the chip eelectin'g signals and .the .

row address introducing signals.



There will now be expl ained the operation of setting addresses mﬁthirlt@%gim
chips in each colum of the DDRAM First, the row address signals A - )
.are applled 5 to the address termnals of all the IC chips of the D RAM

I't { saassuned that when one of the [err] sj@nals, for exanple, the [err]
signal has thereafter becone a certain Ievel the 1 Cs nunbering B as

| ocated in the uppernost stage are selected. At this tine, 10 the row

address st gnal's berid L8 b ﬁgf%%h’&&%éd‘%&"%;ﬁ%ﬁ&%iaﬁs §f the remory

matrix arrays within the TC([err], 5700 [erT] re t he reason

RASL i gnal ?@%ﬁ@ﬂﬁ%ﬁs%[siﬁéﬁ Pt B ' Qb B S he  ow

addr ess SIEHE;#? S|gnals ot her than the rOM/address S|gnals m ght be
i nt roduced u sequ Yy, the colum address signals [err] are applied to

the address ter ] a;ZﬁO€P€I£°&hgdhge%% %ﬁ@ﬁﬁﬁgﬂ Ahe_ S?RAXEeT gfdger, when

t he CAS si gnal h™ respect sPgnal ihas beC nme a certain

level, g;eoggltﬁw Aflfkess sbonthaiked AL L TP UEﬁﬁPénb‘i‘_ tghe TRIRAM

addr ess menory matrix arrays 2 In t chips of n.k bits

| ocat led in the URPE4OEEsEhBECLhER" @he ®rieaSPNtHBYRREE CORNE] address
signal s

signals, for example, the RAS1 31gna1 has thereafter
become a csrtain level,‘the ICs nﬁmbering B as located
in the upperﬁpst stage are selected. At this time,

o tke row address signals Ay - A; are introduced into
the row addresses of the memory mstrix arrays within

the IC (IC11, IC12, sesee IC1B) chips. Here, the reason

why the row address signals'Ao - A, are applied to

the ICs in advance of tbe RAS, signal is that, when

1

15 the RAS, signal is applied before the row eddress

1
signsls Ao - Ai, signais'otﬁer-thsn the row address
signals might be introduced.
SuEsequently, the column addfess signals Ai+1 - Aj
are spplied to the address terminals of all the IC
20 chips of the D-RAM.
Thereafter, when the CAS signal delayed with

respect to the RAS, signal has become a certain level,

1
the column address signals A. +1 - Aj are introduced
into the column addresses of the memory matrix srrays

25 within the B IC chips of n+k bits located in the uppermost-

stage. Here, the reason ﬁhy the column address signals



€

]gag[err] are applied to the ICs in advance of the CAS signal is the sane
aau:re af orecited reason. The action of the CAS signal is to distinguish

p ¢h signals are being sent between the row address 5 signals [err]

~ and the columm address signals [err{2 By the above operation, the addresges -
within the B nk chips in the uppernost stage of the D RAM have been set.
The 1 Cs except those in the uppernost stage of 10 t he D-RAM are not

sel ected because the [err] signals are at the opposite level to the |evel

of [erkd., Fhd wdre-apphiedertal e ands' adagvenereoat itpie of data in the
set aq_;EssesJM Il now 15 be expl ained. The D-RAM i.s so designed that

t he wCAS-sdgmalopes athensamg regncelpelt appresiten ebkadaing are determ ned by
the high level or lowlevel of the wite enable signal WE 20

The write- dhen eopeiani of thee)X0ASItelighal siishte dagthihguiwken the VE signal
is at a certain level data [err] fromthe CPU are applied to the set

addr esdhieh Eignadksl-ane bping isent sbekeeshethenrsucladdress a way t hat when
t.he WE signal is at the opposite |evel to the above, the data [err] of the
signals Ao - Ai and the column address signals Ai+1 - Ajs

-

By the above operation, the addresses within

the B nk chips -in ‘the uppermost stage of the D-RAM

have been set;

The ICs except those in the uppefmost stage of

10  the D-RAM are not selected because the TAS, - FAS_

signals are at the opposite level to the level of \)

RAS,, . _ _

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 read¥out operation of data are
determined by the high level or low level of the
write enable signal WE.

20° The write-down operation is executed in
such a way that when the WE signal is at a certain
level, data Dy, - D_ from the CPU are applied
to the set addresses. . _ '
The read-out operation is executed in such )
25 a way that when the VE signal is at the oppoéite N -

level to the above, the data Eb1 - DbB_Of the



In Figure 1, abbreviations gignify the actions of signals. The

abbr(ewi ation over which an inversion 5 synbol (bar) is attached i ndicat
that. .when the signal-is at "O' (low level), the action signified by the
abbreviation is executed, while the abbr 8 ation without the bar synbol

i ndi cates that when the signal is at "1" (high level), the action 10 is

-"13- respective addresses havi ng been witten down are delivered at .B bi '
(L

executed. The C-CT receives the instruction signals fromthe CPU, i.e. the
REFGRNT si gn LeNahdped 3 Hadide ekl airMeten tdewtAdréi gnal , RASa
signal , RASbﬂsalsgzégllt,ﬂ'S\E st gnal and [errﬁ signal: The actions 15 of these

del i vered codelavverednalts Bubliftsae expl ai ned. The CAS signal is the signal
for distinguishing which . of the row.address signals rrl,. an ol umm
address signals [er r][napé%‘é'lena ot %ﬁ%#t%@eﬁ?v&cgﬂéﬁﬁg within
the D-RAM a 53¢ 2049 ' dw% Gt {ién Cah UiRveHsi 84S
signal s of tﬁg ?@HI&%S. T@%e@ﬁgﬁigdr%tdl st 12 signal for adjusting the
timngs of tggmbelr Kbardndlss abthchedhindizates athiastwhieni thels to the IC
chip array within the D-RAM_ 25 The, VE signal,is t{;&iignal for
det er i ni ng skenpdadsodt SOYddew davalb dHbraction s fhedhe

by the abbreviation is executed, while the

abbreviation without the bar symbol indicates that

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

10 1is executed. - _ R
The C-CT receives the instruction signals

from the CPU, i.e. the REFGRNT signal, WE signal and

¥S =ignal and delivefs the CAS signsl, _R;ﬁ; signel,
RAS signal, WE signai and R, signal. The sctions

5 of these delivered control §ignals will be explained.
" fhe TES signal is the signal for distinguishing
which of the row aadress signals Ao - Ai and th.e column

address signals A 4 - Aj are being transmitted to

1
the respective chips within the D-RAM, and also the

20 signal for intrdduéing the column address signsels
of the IC ch"ips. .

The 'ﬁﬁ: signal is 1':hé signal for adjusting the
timings of the CS1 - CSm signals and supplying ‘the
adjusted signals to the IC chip array within the D-RAHN.

25 The W_E- si_g'nél is the .signal for detérmining th.e
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.



I C.chips of the D-RAM and the wite-down of data into t‘he menory cel | s.
4¥' The [err] signal is the signal for starting the refresh operation and

N inhibiting the ADMfromtransmtting the address signals [err] and
. ] and sinultaneously permtti n_g,L lo transmt the refresh 5 addikess
signals [errr] fromthe RAC. The RASb signal is the switching timng signal

for converting the row address signals A- Al and colum address signals
[err] fromthe ADM [nto_the time-sequential nultiplexed signals, In
addi ti on, rqi"éfeﬁﬁ $iBRA4e 18 dhmSigredr §PRg st@riding the tine of the

51 onah &F et ICREgk1 Sy oRRA dion CAIeLEL FanehERELAL ST S0 that {he row
he (BT hine bt HRbrear shan %Ldﬁgw%%?“@éﬂﬁrfﬁyul%“‘ﬁ?a? onshi p
LR AU A8 8 i o 1,
5 a RPN RP 18 a2 B hrerh Bt 8RS0 0vi Geg an tranom tted o the

h

CPU. LI U NEEBE0s1 hal ey HIP s D3 HG' Qi Ylgiedd o0 by the Lerr]
for converting the row address signsals AO - A4 and

column address signais Ai

41 = A; from the ADM into

the time-sequential multiplexed signals. In addition,
‘O.... it is fnade a signel according to which the time of the
switching between the row address signals Ay - As
and the column sddress signals Ai+1 - ‘.Aj is delayed
with respect to the ’RTéZ signal so that the row address
signa_ls AO - A, may have been provided from the ADM

p
15 when one of the RAS (RAS, - RAS ) signals is selected.

1
There will now be described the relationship between
the WE signel and 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 example, when
2 the WE signal is at the high level, the read-out mode
is established, and the data of the D-RAM are, provided
and transmiﬁted to the CPU thréugh the DBD. At this
time, input data are controlled by the WE signal so
as not to be introduced from the DBD'into the D-RAM.
25 When the WE signal is at the low level, the write-down
mode is established, and the input data é.re applied
from the CPU through the DBD to fhe data input terminals

of the D-RAM and are written into the set sddresses.

o



as not to be-introduced fromthe DBD into the D-RAM 25 Wien the WE sign@
is at the low level, the wite-down node is established, and the input d
are-applied fromthe CPU through the DBD to the data input termnals of the:
D - RAM@and are written into the set addres %\S/\E At this time, the data
outputs of the D-RAM are controlled by the signal so as not to be
provided fromthe DBD. In the nenory cell circuit of the DRAM an 5

i nformati on |s r et ai ned by accurml ating char es in the MOS capacitor.of the

one- el errent A Ehdsrdrdmene eaﬁﬂtﬂh@l Fgeef gthapPeBAMATR t| me on

account of b c. he t bat harges of
the i nformatl ?ﬁq‘%ﬁ%WIgb I?E %%% sg 2 p%égrgg Pg]ggg ess than a
reference | eygloml @hedipBD, M nating the infor mation "1" and "O', the

information "1" is discrimnated as "O', resulting in a mal functi on. In
order to keep the inflmr rthe dlemqusﬂ;@ldeIrWéiﬁha gtbhenbefAM; BB 15

bper att o nodBLOTRACISR I8 batr iued by b CrniRs nkr kBrr gt dFage ti e of
the menory cehle mﬁscwdisat&wor toe fﬁéréﬁé-él?éﬂeﬁestﬁ:ef fAeRdss celahe

read- out node and the write-down node. . The tefresh operation wll
now be expl aiamdd thiet rchaafgeaard:rsappéagwbth.time on account of

leakage current. Problematic here is that when the
charges of the information ™" (high level) have
i0© disappeared to become less than a reference level
for discriminating the information ™" and "O", the
information ™" is d_iscrimin_ated as "O", resulting
I\, in a malfunetion. In order to keep the
information ™" stored, the charges need to be

1S refreshed before 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.
20 The refres_h operation will now be explained with
. reference to Figure 1.

The refresh synchronous generator RSG transmits |
the refres_h request signal REFREQ to the CPU .'ev'ery
period of '(inifermatien storage time)/ (number'_o_f refresh

25 cycles). The_humber of refresh cycles is equivalent
to the number of word lines connected to a column

 dsta line. B



“«The refresh synchronous generator RSG transmits the refresh request signal
‘ REQ to the CPU every period of (information storage tine)/(nunber of
resh 25 cycles). The nunber of refresh cycles is equivalent to the

unmber of word |ines connected to a colum data |ine. -16- Upon & _
recei ving the REFREQ the Q_Pul%r_qnsm'.ts the refresh grant signal REFGRNT.
At this time, neither the wi enabl e signal VE nor-the nenory start
signal MSis transmitted fromthe CPU. Wien the REFGRNT is 5 applied to
the control circuit C-CT, the refresh control signal [err] being the output
si gnal t Wpoaofrdceippng cthe REFREQ, the CPHetraassd$snultipl exer ADM and
the refresh address counter RAC. Then, the ADMresponds tg the [err] signal
to sthel nefresdurgranti shanele RERGRNE. f obtr bhissking, peidpers the D-RAM in
pl ace of the address signals_for- random access. [err]. Refreshing nethods in
t he Theamitiee anahily ystenssdi Wk nqmiihe wemery &t eﬁ%ﬁ?ﬂ; met hod in which

the respective rows of the.lC chip array ([err]. . ...y and [err] 15

consk$ tigt dremsniblledr Erewr F@%&fplby t‘ﬁ%ﬁé. 1E{T’ﬁi JEFGRIT 1%as t he advant age
“that the power dissipation required fogth refr%sh- erattio may be low, . .
Sut wRRLiek t0 SRR SEREECLHSATIE HhebT B8 ofDE; t"&ﬁg‘g T e refresh

operation is long. . :

signal Rc.s being the 6utput signal thereof is appl:;Led -
to the address nniltiple:{éi' ADM and the refresh address
counter RAC. Then, the ADM_responds to the R,  signal
to send the address 'signals. exclusive for refresh

lo R, - Ry to the D—RAM in place of .'Ehe address signals
for random access AO - As.

Refreshing methods in the D_-_RAM'are broadly classified

into two. One of them is a method :‘th which the respective
rows of the IC chip array (IG'1'1, ICyps ****< and IC,g

)5 constitute one row) are refreshed by turns. This
method has the advantage thé.t the pow_er"dissipation '—'
required for the refresh 'épératidn_may be low, but -
has the disadvantage that the period of time taken
for the refresh operation is long. |

20 The other method is a method in which the whole
IC chip array of the D-RAM is simultaneously refreshed.

This method performs the refresh in such a manner

that, although no illustration is made in Figure 1, B -

the address signals Aj+1

25 are applied to the RAS control circuit RAS-CT without

- A, from the address receiver ADR



20 . The other method is a method in which the whole IC chip array of@
the D-RAMis sinultaneously refreshed. This nmethod perfornms the refresh iin~F¥

such a manner that, although no illustration is nade in Figure 1, the
address,; signals [err] fromthe address receiver ADR 25 are applied to the
"RAS. control -circuit RAS-CT w thout -17- passing through the decoder

DCR, all the output signals [err] of the_RA&-CT becoming a certain |level,
the ICs of all -the colums of the D-RAM being selected at the sane tinme. 5
The advant-age of this nethod is a short period of tinme taken for the

refresh, whereas the di sadvantage is _a high power dissipation., The refresh
oper ati on i rpassingtthrough sthe decadere Bsoﬁﬁhé‘h& Rﬂ&mﬁtl Ismﬁi&

expl ai ned. %8 - . The f h~adglr i,gnal ;%Ll:‘aari . yappl i ed
fromthe A t he %%hesgftglaﬁi ﬁ‘g%cg\f ﬂ?ﬁéﬁ’ﬂ%& ct% e ?rg]%ldnlal
thereafter bgfdMAss £ WIRi théc¥6lumABdofhehd D-RAMVbedtigesedeatied he | C
matrix array are successively selected. At this tine, the 15 CAS

signal is heitl the tme_)ﬁthQ!.te level  to the above. .The reffesh is
B e o Tl e YR ol il TR oy oY
anplifier (ng¢ gfife\galéén 3ok OtREPREErelan,| GMeireas the disadvantage
is a high power dissipation. ' -
o The refresh operation in the matrix array
‘within the IC of the D-RAM will now be explained.
10 | . The i'efresh address signals Ro - R1 are
applied from the ADM to the address terminals of the
— D-RAM, the RAS signal thereafter becomes a certain

level, and the 21'"‘I row addresses of the IC matrix

array are successively selected. At this time, the
15 CAS signal is held at the opposite leveJ. to the above. |
The refresh ié 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) so as to expand the level
20 difference between ™" and "O",

Since the .ﬁ signal is transmitted to neither
the D-RAM nor the DBED during the refresh operation,
the input or output operation of data from the DBD is |
not executed. _

25 B The actions of RAS-group signals (hereinafter,
termed "RAS-¢") Eand. CAS~group signals (hereinafter,
termed "CASf—¢"ﬂ will be explained with reference
to Figure 2.



_ difference between "1" and "0". Since the WE signal is transnmitted
tz@either the .D-RAM nor the DBD during the refresh operation, the input or
~~, 0 ut operation of data fromthe DBD is not executed. 25- The

: actions of RAS-group signals (hereinafter, termed "RAS-[err]") [and &
CAS-group signals (hereinafter, termed "CAS-[err])] wll be explained with

»

reference to Figure 2. -18- [eLrygi's an address buff.er control signal,
which is a signal that is applied to an address buffer ADB and. that
determ nes whet her or not levels [err]..... and [err] corresponding to the
row address signals 5 [err] as latched in the ADB are to be transnitted

to a row and col unm decoder RC-DCR. [err] is a word line control signal,
whi ch is @y.si saant addries saipiffer t contiwoRCsdgRadnd winbehdet er ni nes whet her
or not one selected- signal is to be transmtted 10 to a menory array

M AR¥si a sighalt thesl dst applied todansaddresise bufifer 4ABBr] is a sense
anplifier control signal, which is a signal that is _applied to a sense

anpl Rrdcthai. daermines iwhether opn not levels &gl 3g- an- address buffer

control signal, which is | _ .
and a,. a; corresponding to the row address signals

10
5 Ao - Ai as latched in the ADB are .to be transmitted

to a row and column decoder kC-»DCR. |

_ 'SX' is a wpfd iine control signal, which is a

.signal that is appiied' to the RC-DCR and that d‘e_termiﬁes

whether or not one selected signadl ‘is to be .;:ransmitted
10 to a2 memory array M-ARY in order to select the row . . -\

address of the M-ARY. |

' fpp is a sense amplifier control signal, which

-1s a signal that is applied to a sense amp_lifier SA

and that ‘drives the SA. )
15 (2) cAs—¢

’SA-C is an address buffef control signal, which is

a signal that is applied to t_h_e.ADB and that determines

whether or mnot le_vels A3410 B44Yr vriecee and as, 2,

cor:esponding to the colﬁn’mad&ress signals Ai +1 ~ Aj
20 as latched in the ADB are to be transmitted to the RC-DCR.
‘!5\1 is a .éolunm switch, cpntrpi signal, which is
a signal that is applied to the RC-DCR and  that selects
a column switch C-SW conmnected fo ‘the column data 1line

of the M-ARY, by means of one selected signai_.



a signal that is applied to the ADB and that deternines whether or not v
levels [err],....... and [err] corresponding to the colum address sig TN
[erph 20 as latched in the ADB are to be transmitted to the RC-DCR [err]-
is & .colum switch control signal,  which,ds a signal that is applied to the
RC-DCR and that selects a colum switch & SWconnected to the colurm dat a
line of the M ARY, by neans of one sel ected signal. - 19- Jerr] is a

data out put buffer and output anmplifier control signal, which is a signal

-that is appliedgto a _dat ut put, buf fer and, an ,out put n}ﬁ)’tii[fier QA and
that transmts a¢oBaﬁ-soﬁt sacf‘ffc;?ﬁ{hgu ERy &8 °“ttH}“£1 eQat a

 hal . : but f ‘ I s i ch i
L?rgﬂ“a{‘:t nat coprzeS EighBas, SRS TPY e OB AR B 1 B 1o 10

i - i R I Y., 10
\iNgl ;edagyogﬁggﬁggﬁﬂggtgon rfo%ats?%éng%%\?\ﬁ%cﬁt?uéé %ﬁfﬁgﬁl\ﬁ atojfs appl i ed
tothe DOB and iXgt BREMSHiSLAY AALA-S0MHBRLNGAG o Gl dgythe data

out put term nal Dout during t own oper ation. e-construction of

t he DgRAM with! gheodestiti B84 al X ermitfhi hpreference to Figure 2. In the IC a
bl ocl%’encl osed with % two-dot c aniuh :Itngol’-!? a timng pul se generating bl ock

TGB, ¢Rw is a dsta input buffer control-signel, which
is & signel that is applied to a data input buffer
DIB end that trensmits a write-down data from an input
data terminal Din to the M-ARY.
-10 m is a da_ta output buffer control signal, which
. 1is a signal that is applied to the DOB and that prevents
any deta from being delivered to the data o.utput terminal

D

ut during the write-down operation.

The construction of 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 compri.ée's 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 novi be described with reference to
Figures 3A and 3B. | | -



vvfiLch conprises circuits for generating the signals to control the

rations of the various 20 circuits of the D-RAM The operations of
various circuits of the DRAMw I| now be described with reference to
"™ Fi gures 3A and 3B. -20- When the row address signals [err] have bee#

- introduced into the address buffe 0ADB and |l atched therein, the [err]
signal becormes the |ow'level |atef than the row address signals [err]. The
nmeasure 5 of making the RAS signal |ater than the row address signals
[err] here, is intended to reliably introduce the row address signals [err]
as the row address in the nenory array. Subsequently, the signal [err]
del ayed f fWirent hthd Orow Edcmiess g:niegnﬁ]ssapgi Fed .t hatviee b&3) so that the
| evels [err], ...... and [err] corresponding fo the | atched row address
si gnaistepdudedntntot thet addne sovbufifler oADBn andcdaddcRE DCR. When t he
| evels [err], ......_and [err] have been applied to the RG-DCR, this RC- DCR
15  therefni sthecRaBesiensd dfecomes hgeoﬁpy devedt detares to remain the
hi gh | evel and rendering unsel ected ones the |ow |evel. The sel ected
si gnathemrihe regm npdaEg seo siignad nRy wheh; the Thiggmaagqune | del ayed fromthe
signal [err] '

5 of maklns_lz_ “the BES signal later than the row address
signals Ay - A; here, is intended to reliably introduce
the. row address signals Ay — Ay as the row éddress
in the memory srray.

Subsequently, the signal '¢AR- deleyed from the

10 PES signal is applied to the ADB, so that thé levels
2gs 'a_g, ceee. and 8 '?.;_corz_'_esponding to .the latched
row address signals are transmitted to the row and

column decoder RC-DCR. :When the levels a,, %,
and a,, &, have béen applied to the RC-DCR, this RC-DCR
15 conducts the operation of allowing oniy selected ones
to remain the high level and rendering unselected
ones the low level. | " i - -
The selected signals are transmitted to the M-ARY
when the signal f’x delayed from the signal ¢AR is
20 applied to the-RC-DCR. - The méasure of delaying ¢X
with respect :to '¢AR here, is intendéd to operate ‘l_:he..
RC-DCR sfter -completion of the opera;ciori of the ADB.
The row address in 'the. M-ARY ié thus _sét in such a
i+ 1

manner that, since one of the 2 output signals

®



20 applied to the-RCG-DCR.  The neasure of delaying [err] with respect r@

[err] here, is intended-to operate the RC-DCR after conpletion of the EE
operation of the ADB. The row address in the MARY is thus set in such a
nafne(_t hat, since one of the [err] output signals = -21- of the RC-DCR

becones the high level, one row addresgsJine within the MARY as :
corresponds thereto is selected. Next, the information "1" and "0" of the
menory cells connected to the selected row address line in 5 t he M ARY
are respecéf viley ROHIICR | elcdaye $ heheehdghaimEvdl erosd sbwwaddneBsgure 2.
This operation of the SA starts upon application of the signal [err].

Ther eaf t er]lindari tiim cthein-AHYr ess corgredporids rihemebobdansiedee§@bdeed i nto
the ADB and | atched therein, 10 t he CAS signal becones the | ow | evel

| ater than the Nettymthedinfersagaans "Tidt rgnd OB afathrem8MORdki ng t he
[err] signal later than the colum address signals [errh,here, I's i ntended
to reliabl gelks ranhnrected tol the sedectedrpml 8ddresRelddCut® address in
15 the menory array. Wen the signal [e,rr! geéay d fromthe CAS signal

i s sdbsequthe tX-AF%| 42¢ FespaetAivelR B 4 BYr ]‘e"h.e. SeNS€3nd [err]
carrespondi ng. to the_ columm agdress si g_ri'l[s- re transm gt ed tfp t he RC- DCR.
Then, the 2WPlifiew BERSROWRULRS FABWerdn i oS8 nPPSTF 24P fabove.

the SA starts upon application of the signal ¢PA"
Theresfter, when the column address signals Ai+1 - AJ.
have been introduced into the ADB and latched therein,
10 the TAS signal becomes the low level later than the
colwm address signals Ai+1_ - Aj' The.measure of
making the TES signal later than the column address
signals Ai+1. - Aj here,: is_ intended to relisbly introduce.
the column address signals as the column address in

15 the memory array.

When the signal ¢AC delayed from the CAS signal

is sub's_eqliently applied to the ADB, the levels 'ai+1, 8.4
csess 2nd aj, EJT correspondipg to the column address ' -
signals are tr.angmitted to the RC-DCR. Then., the

20 RC-DCR conducts en operation similar to the above.
The selected signals are transmitted to the column
switch C-SW s:hown in Figure-2 .when the signal ¢Y delayed
from the signal fkc is spplied to the RC-DCR. The

column address in the M-ARY is thus set in such & manner

25 - i

" that, since one of the 29 output signals of the



-

he selected signals are transmtted to the colum switch CSWshown in
‘gure-2 when the signal [err] delayed fromthe signal [err] is applied to

the RC-DCR. The columm address in the MARY is thus set in such a manner

25 I that, since one of the [err] outyut

~ signals of the -22- AD-DCR bec@es the hi gh level, one CG-SWis sel ected,

15

20

25

so a colum-.address line or data |line connected to- th| s CGSWis sel ected.
In this way, one address within the MARY is set. 5 The read-out and
wr i t AR gromesobbef iighhcl eveit esoneeC-SYW des@elmetedove will now be
expl ained. In the read-out node., the VE signal becones the high |evel.

Thi s Scear¢okummagdizesssilgmel @0 dsteolbaeosenmec tadhte evel before the CAS
si gnal becones the | ow 10 | evel . Th.e reason therefor is that, since the
| ow Itbis| CofW the srBesitad results in setting one address of the M ARY,
the WWE signal |s brought into_the high I evel beforehand, thereby to make
ready for l?h'éh*%a\'iabfut %r%ﬁql’ﬁﬁsﬂnﬂlﬂ’l?l%&meﬁ'l‘d‘ﬁ%ahs o8ttstarti ng timne.

St put a8 HeAAToN é%niﬁ%rafarfaf‘?p%’?? oBb e ° 20 (R 10 e

|nfor€&§b o] h S out at the data
out pu e?%sng D%Et atteﬁ%gﬁ'g h dat a o%jf e&?@ ?f%ﬁs{%ﬁgd
In the read-out mode, the WE signal be_comes ‘the

high level. This WE signal is designed so as to become

the high level before the TAS signal becomes the low

10 level. The reason therefor is that, since the low

level of the CAS signall results in setting one address
‘of the M-ARY, the WE signal is ‘b'roug'ht into the high
level beforehand, thereby to meke ready for the read-out
operation and to shorten a read-out starting time.

When the signal -¢OP of the CAfS-group signal is
applied to the output amplifier OA, this outpuf. amplifier
becames active, and-th_e information of the set address
is amplified and then read out at the datea oﬁtput -
terminal D ., through the data output buffer DOB.

The read-out is éarriéd out in this manner, and the
read-out operation is completed when the EE signal
becomes the high level.

In the next ;ﬁlace, in the write-down mode, the
WE signal becomes the low level. When the signal wa

which is formed by the WE signal of the low level and

@



Z0 The read-out is carried out in this manner, and the read-out @4
operation is conpleted when the CAS signal becomes the high level. In the o
next/-.pl ace, in the wite-down node, the [err] signal beconmes the |ow |evel.
Vhen {he signal [err] 25 which is forned by the WE signal of the | ow

|l evel and -23- the [err] signal cf 2he-low | evel becones the high | evel

and is applied to the data‘input buffer DIB shown in Figure 2, the DIB
becones active and the wite-down data fromthe input data termnal Dinis
transmtted 5 to the set address of the M ARY, whereby the wite-down

oper ati on iahga@?ﬁ']gﬁ 1 l&’fa%%n‘g?ﬁ fi"ew)iéh!’%é@é‘méb%ﬁ'e 8 ghh evdednal

[err], that Ts, err the low level Is applied to the DOB, to

control the gifsARY aéc%i?ée&%@rﬁﬁﬁnha%% thpue aen ¥ roDIBSHdAIA during the

write-down operati A first preferred enbodi mnent of the DDRAMis shown in

Figure 4A Ay pidfH 2f €nbi h18OBRIcHne Pfadt LRRABHEOR e i theNdoWror i ng an
i.nformati on and a P- MBS for selecting 15 an address. The information of

logic "1" ogat®'fricin St19é efinplitt BatfortBrefind® BXi sienteewsmidrted stence of
charges in the capacitor [err]. The informati oh®of the logic "1" is

accumul & edtbytife vwdt agédress] ofartthe MHARY, t hiRerediyc the' wni ttdreiaw |
potential operation is ‘carried out. | |
' Meantime, the inverted signal of the signal ¢R .
that is, the signal TRE_J. of the low level is applied
to the DOB, to control the M-ARY éo as to p're'vent
| lo the read-out of any data during the write-down operation.
A first preferred embodime_n't of the D-RAM is

shown in Figure 4A.

An M-CEL of 1 bit consists of a capacitor Cg

for storing an information and a P-MOS Qﬁ for selecting
5 an address. The information of logic "1" or "O" is
stored in thelfor'm of the existénce_ or npnexistenée
of charges in the cap'acito?" Cq- The information of
the logic "1" is accumleated by a voltage Vcc, and -

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

=20 The gate of the P-MOS QM is .conmected to the
word line WL, -and one of the source and drain thereof
is connected to the data line DL and the other to the

capacitor C S



kY

e of the source and drain thereof is connected to the data line DL and
.—.the other to the capacitor [err]. - -24- \Wen the gate voltage of the
‘. P-MOS QM or a word vol tage has become | ower than the power source vol tNage

[err] by a threshold voltage Vthpafthe threshold voltage of the P-MOS
[err]), the P-MOS [err] turns "on" to permt 5 the selection of the
menory cell MCEL. In the case where an NNMOS is used for a pri.or-art
menory cell (not shown), when the.word voltage has been changed fromO

(26r0) VeV d cx bl LBiind oe HEkgsPolids /ALl 82 Plyddie N-MOS [err]),

the NNMOS [err] turms permt the sel'Mction of the merory cell.

The 5}0%1%&‘@1 Gl Ghe! 18wRYVER M ShEWPolrBrFsBur@ fArdiathgde made hi gher

t han at "of the.N-MJS in such prior-art” nmenory cell because the
Inforrrvtlfbgv ¥ theesRELASvOltapY VO _CofhBetHRedhBlRdoltidgonly 15 the
magni t uUB® bBetween [err] and [err]. detail ed description of the

SWi t CBENEhed FMUS o%gpt the B-MOS (g rtuifiscUbhli red permipanese Pat ent
Application Laid-op€n Specification®No. 44189/81. Sense anplifiers SAl and
SB2 athessdlsethigh i 6fethe memory cell M-CEL.

@ The gate of the P-MOS [err] is connected to the word line W, -and

In the case where an N-MOS is used for a prior-art memory

cell (not shown), when the word voltage has been changed
from 0 (zero) V to (V.. = Vi) (Vs the threshold
voltage of the N-MOS Q), the N-MOS Q, turns “on" to
10 pemit‘ the selection of the memory cell.
The switching speed of the P-MOS Qu shown in

Figure 5A can be made higher than that of the N-MOS

in such prior-art memory cell because the information
~of the logics "1" and 0" can 'l.oe determined with only

| 15 the magnitude b_e'tv-veghi.\-l ce and ]vth pi . The detailed

description of the switching operation of the P-MOS

QM is coni_:ain;_d in Japanese Patent Appli:catibn Léid-bpen —

" Specification No. 44189/81.

Sense amplifiers SA1 and SA2 are sense amplifiers -



- 25- by which the difference of potential changes devel oping on fol ded dat@
lines [err] and [err] during addressing is expanded in a sense period

dete ned by the timng signals [err] and [err] (sense anplifier control

si ghallsy, and the input and output nodes of which are coupled to the pair

of folded data lines [err] and [err] aééanged in parallel. The sense
arrpllflers [err] and [err] are connect I n paraIIeI and it can be

consj dered that, bot h constitute n sense anplifier They
differ. howdlMbiph the é”ﬁr&nqe.%fcaﬂgﬁnaiaﬁd% qvbs%f%ﬂ?vm Lerr],
whereasthe erJr onst r.uct ed t he, opposi te
conduct i Vi tf['{ %ed éa@ Q: u ‘f-l-eraﬁ’g @gnpqs%‘“[&fn %%%’Feﬁ?l gho>!

cross-connect ed FE

posi 1 ve- eé&bﬁﬁaaﬁﬁﬁea@nﬁ e Feriod; BRbSHHGNA Y e timing.
Control | 1ng THEEEkBe o e e (4% %O?@Hf‘ﬁ?%? ﬁ%‘f‘ﬁgﬁ LEehBLs)r on The
senge ol $ndspal Sha SARALEaBeRor wh

| enentary sense™a previ ou Y, encé EI?hey rray

Il b t -E?ﬂ—b |
\év:par a?e?;r%%ggﬁgbﬁ?ﬁgf ai? ?%%?% %%\ F?\A@ter %l?&' At 1pbt h té}ﬁgends of

the M ARY) fiqf p&f’ﬁliél. purpose of efficiently packagl ng themin
consi deration ° ' :

The sense amplifiers SA, and.SAz are connected
- in parallel, and it can be considered that both constitute
10 " a single sense ampiifier. They differ, however, in
that the SA, is conﬁ:ructed of N-MOS Qg and Qgg, whereas
the SA, is coastructed of P-MOS Qgy and Qgg of the
opposite conductivity type. Each sense amplifier
" is composed o_f a p’gir Qf cross-connected FETs (st' - Qse)_
15 for effecting fhe'posit'ive-feed‘back differential amplification
operation, and a FET (QS4, ng) connected on the S§urce
side of the cro‘ss-—connected. FETs énd for controlling
the positive.Qfeedback differential emplification operation. .
.The sense _ampli.fi-ers SA1' énd SA, cah also be
20 deemed the singld complemeﬁtary sense amplifier as
stated previbﬁsly, and henée, they may well be ai-ranged
adjacent 1:6 6ne : other. However, they can be arranged
separately from one other as in Figure LA
(for example, at both the ends of the M-ARY) for the

25 purpose of efficiently packaging them in consideration



=®6- of the arrangenent and configuration of connections, the transistors
‘wel I" regions. The sense anplifier [err] and the nenory array M ARY which
consi st -of the P-MOS, and the sense * 5 anplifier SA and a precharging.

‘circuit PC which consist of the I\g can be arranged in an isolated \J

manner . Therefore, the circuiT angenment within the chip can have the
P-MOS portion and the NN-MOS portion isolated, and the circuits can be

of o mitalths, SraREkEy, SHf ShFCRFEHon BT° prBkbAmRA " L T 0 T

T esi st Hhet mwﬁﬁmgrmméntm%ﬂeﬂg.l I nes during the operation are 15

smal | and no nmal function occurs. The precharging circuit PCis conposed of
a pair of N MOFHexrsense@piifienrSh,eandr fhegremoryaaTeaynes to about
hal f ( f .t.he power urge.vol Vc apd an N-MOS [err] for

el i m-nat m%ﬁaﬂ% o?pr?é%hE%@ﬁ-véPg 5&% gﬁgfebet ween both the data
l'iges. aplijrdiesaigyl Rhd™ réchdrgife’ LUPEAL t! PESUniicMOS are designed so
a_s%teo ﬁgx\?e t hr esholld vol tagirés Iowe% tﬁan t hose of the other N-MOS. The
nunber sonfsitste afertivey NeMOS c¢an bibe canpangedoinhanr dspdattiede f ol ded data

: n.es Ln%gr}er%nd ['I%rerxlefore, the circuit arrangement within
the chip can have the P-MOS portion and the N-MOS _
pdrtion isolated, and the circuits can ‘be efficiently

0 peackaged. _

‘ The folded data lines m"l—l. amd E;I are

formed of a metal such as Al, Au, Mo, Ta and W. ,
Since the metal is very low in resistivity, voltage . ‘o
drops in the dada lines during the operation are

'I5 small and no malfunction occurs.

The precharging circuit PC is composed of a pair
of N-MOS Qg, and Qg3 for precharging the data lines to
about half (Vyp) of thg power source voltage Veer and an
N-MOS Qg3 for eliminating the unbalance of precharged vol-
20 tages between:both the data lines. As indicated by marks *
in the figure, these N-MOS are designed so as to have
threshold vo];tage's lower than those of the otﬁer N-MOS.
The numbers of the memory cells to be coupled

to the respecti{re folded data lines DLl-l and DLl-l



-27- arranged geonetrically in parallel with each other are made equal |né§b.'
order to raise the detection accuracy. Each nenory-cell is coupled between "
one word line W and one of the folded data |ines. Each word line 5 W
crosses, the adjoining pair of data lines. Therefore, even when a noise
conponent devel oping on the word line W has been put on the data |ines by

the el ectrostatic coupling, the induced i_ se conponents appear equal Iy on-
both the data |lines and are cancelled D he differential type sense
anplifiers [err] and [err]. The operation of the circuit in Figure 4A will

be described with reference to an operating wavef orm di agramin Figure 4B.

Bef or e re%?{i‘t%é%e% er‘ri]l%{]aw R I-aﬁ.h‘@l”&%?y ebeh Her When the

pr echar.ge a voltage higher than the {err]

vol tage i sl phhe E‘bﬂﬁl' %\&e'orééke D5 MBsketnl adddildn hesemeaepnduct i ve,

and the stray capacitances [err] and C of the folded data lines [err] and

[err] wit *Ed’uﬁsﬂé%rirocéiﬂ.t B Aren 9l pacpbanees baeakird [Emd. At this
time, the N-MOS becones conductive simultaneously. Therefore, even when

the vol t agfs apa esher gedthy il ded rdatanlineshav Edetr arerdirbbbenced, the
folded data lines [err] and [err] are short-circuited and are set at
-28- & WL crosses the adjoining pair of data lines. Therefore,
evenvhen g noise_ compohent déveloping on the word
line WL has been put'. on the data lines by the electrostatic
céupling, the induced noise components appear equally

" on both the data lines and are cgnc'engd by the differential

U tjpe sense amplifiers SA1 and SA,.

‘The operation of the c1rcu1t in Flgure 4A w111
be described with reference to an operatlng waveform
disgram in Figure 4B.

Before reédiné out the: stored signal of the meinory

I5 cell, when the precharge control signal ¢ ¢ having s
voltage higher than the Vcc' voltage is at the high
level, the N-MOS QSZ and st become conductlve, and
the stray capa_cltance_s co and C0 of the folded data |
lines DL_.‘;._1 and ']_)T.T_T with respect to eaprth are |

20 precharged to about % Vi, At this time, the N-MOS
Qqq becomes. conductive -simultaneouély. .'Iher-efore,
even .when the voltages .precharg'ed by the N-HOS QSZ

.. and Qg; have become unbalenced, the folded data lines

DL

4~q 8nd DL,_, are short-circuited snd are set at



1e sane potential. The NNMOS [err] to.[err] have the threshold voltages

L h.set to be |ower than those of the transistors without the marks * |est
any voltage | oss should arise between the respective sources and 5'
drains. On the other hand, the capacitor [err] in the nenory cell hol ds/a
potential substantially equal to=z&Bo=volt when the witten information is
of logic "O', and it holds a potential substantially equal to [err] when 10
the information i-s of logic "1". The precharged voltage [err] of the data

l'i negrllsang phtential .t 0 o iMUgOSEGL at @b WediunvWiihd he stored
potentials. Accordingly, in the case Where t read |line control signal

[ err knbeswses vH8thge elsetp) €6 be 2dWeesthdn thdde desired nenory
cell, the potential VDL one data line coupled to the nmenory cell becones

hi ghef thent Mansieesrisheriitoartrethenmatksl* Qredtheanypltelgiagdeer r] has been
read out, and it becomes |ower than [err] when the information of "O' or
the 2ess ghdehdi abkilsas bledsreeld therradperettiveBsoanmpsg iargd t he potenti al “of
t he above data line and the potential of the other -data |ine which
S nai nidzeims ¢ he- potential of [err], it can be discrimnated whether the
information of the addressed nenory cell is "1" or "O'. 25 The
posi ti ve-Pmctidack tiiert end,i dihenpepairddorofy in Zthe memory
cell holds a pbtential substantially equé.l to zero volt
vhen the written information is of logic "O", and
it bolds = potential substantially equal to VCC when
10 the information is of logic "1". The precharged voltage
VDP of the data lines DL and ﬁf is set to be intermediate W
between both the stored potentials. _
Accordingly, in-the__ case where the read line control
signal ?X becomes the high level so as to address
15 the desired memory cell, the potential Vpp, of one
data line coupled to the memory cell becomes higher
than VDP when the information of "1" or the voltage VCC

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

DP
the information of "O" or .the zeroc potential has been

20 read out. By corﬁparing the potential of the above

data line and the potential of the other data line which
maintains the potentisl of V ., it can .be discriminated
whether the information of the addressed memory cell

is """ or "O".

25 The positive-feedback differential amplification



operations of the sense anplifiers [err] and [err] are started when the

FETs [err] and [err] have begun to turn "on" owing to the respective ti m@x

siignal s (sense anplifier control signals) [err] and [err]. On the basis '

of thepotential difference given at the addressing, the higher data-line ’

potential (VH) and the |ower potential {\4g change toward the voltage V

and the null potential [err], respectively, and the difference becones

wi der. The sense anplifier SAl conposed of 10 the NNMOS [err] and [err]

contributes §era@iBhst BT RUEN éRse Ohmphe rdalras 1dNe driy tdie, nghé potential

[err], while the sense anplifier [err] conposed of! the P-MXS [err] and -

[err] contridysrgedt dhed hé FEE:thQnéi ahdofp L hav et pddure t® tepnl. The

respective sense anplifiers 15 SA89and SA254bperate in the earthed-source

node. When, sghtt Bwingalto tiree poéspétcel vel tivling alws( Hesgae equal to

the threshold voltages Vthn of the NNMOS [err] and [err] of the sense

anpl.i fi ér SAimplilf¢eposioritee X eetipneks)per gt iamad F_ T.he Grentiee abpkiki er 20

SAl ends. In addition, when the potenti§ of [erPrﬁ has becone equal to the

threshobd vaf dpespotentrifal hii ferenbeSgiaer sindHeraddméssingsense

anplifier SA the positive feedback operation of the sense anplifier [err]

ends. Fi nalthe higheradedm+thineupotpotdmli a(IVI_gB andrth¢ etoVereaches [err],

and they becone stable in a state .o _ '
potential (VL) change toward the voltage V . and the

null pétenfial ;VGND’ respectively, and the difference
becomes wider. The serse amplifier SA, composed of
10 the ¥-MOS Qgq, Qgg 8nd Qgq contributes to lower the

potential of the data line to the null potential Vanp’

while the sense amplifier SA., composed of the P-MQS

2
0,54, st and st contributes to raise the potential

of the data line to 'VCC' 'The respective sense amplifiers

15 SA; and SA operate in the earthed-source mode.

2
When, in this way, the potential of (Vi, = Vonp!

has become equal to the threshold voltages Vipn ©F

1:.h¢a_ N-MOS QS7 and 9:38 of the §ense ampllfier SA1,

the pqsitiire feedback operation of the sense amplifier
20 SA, ends. In addition, when the potential of (VCC - VH)

has become eqﬁal to the threshold voltages V of

) thp
the P_-MOS st a.nd _st of the sense amplifier SAZ,'
the positive feedback operation of the sense amplifier
Sk, ends. Finslly, V. reaches the null potential

25 and VH reaches VCC’ -and they become stable. in a state



-30- of |ow inpedance. The sense anplifiers SA1 and SA2 may be started to
rate at the sanme tine, [err] may well be started to operate previously

,—-@f‘[err] and [err] may well be 5 started to operate previously to [err].
‘. I'm point of the read-out speed, it is speedier to operate SAlL and SA2 \a¥

the sane time. Since, however, a &hBQuegh current flows, the power

di ssipation increases. On the other hand, the expedient of making the

operation 10 starting times of [err] and [err] different has the

advantage that the through current is avoided and that the power

di ssi %{PQPS%%%@%?%% However, with regard to the read-out speed, this

expedi en t “inferior to the above. 15 Fi gure 4C shows
t he circui r.a cepd aided | t he D- RAM
Parts corrgggo%?l%g to ogf?lﬁlgFlggﬁrg% Aérf‘é.hrf géjésgrge&r'g %r ence synbol s.

20

The t Ky dpephedi E%nttﬁé%d%%réée{;fﬂs f @M the igrgné%?;%,'ghgure 4A in that

e sense anplifier

the positive oper at i ofl- cont r ol heans

[err] tioS opepEt bUBIHRY idfudt Q&R 9nénhersi*p] %Hyght@if gennected in

paral | el . The opérations of the sénse anp

idiers [err] and SAwll be

descrigtestelt for eberete ﬁ@eﬁ@ﬁéﬁg‘l@o%l&zi In lfoirkt (§rbe assumed that

the folded data |1 nes are charged

of

10

15

20

25

o about? [err] I n advance. The FET S10

t heheopeadveuteeprad, Opbrdéi Speedier to operate SA,

and SA2 at the same time. Since, however, a through
current flows, the power dissiﬁation i'nc_’:réases. bn

the other hand, the expec.ii'ent of making the operation
starti'ng. times of SA, and SA, different has the advantsge

that the through current is avoided and that the power

-

dissipation decreases. .'Hdwever, with regard to the
read-out speed, this expediént is somewhat inferior
to the above. |

- 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
the positive feedback operation-control means of the
sense amplifier SA, is constructed of N-MOS Qg and
QS10 which are connected in parallel.

The operations of the sense amplifiers SA,,

and SA2 will be described with reference. to Figure 4D.

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

The FET Q 0 of the positive feedback operation-

S1



sense anplifier control signal 01 whereby only either the FET [err] or th
FET [err] is rendered conductive so as to reduce the lower data-line 5 o
potehiNal [err] a little in the direction, of the null potential [err]. At
this tinme, the higher data-line potentTa31[Err] does not change because
either the FET [err] or the FET [err] is nonconductive. The conductance of
the FET Q cortrodefe@an@d Jf© #1fe SEBhkEr abpAn 1@ 40 isOfehBerERT [err].
Subsequently, when the FET [err] has begun to turn "bn" ow ng t.o the sense
anplifier cqnmm@ctiw@nwy[ﬁwéénsbeaﬁpmiQﬁaﬁﬂd&ﬁtwofmaigﬁaltsﬂthe positive
f eedback operation and changes the potential [err] toward the'l5 nul
potential VGiMerebyabnly eiftteert bredFETe eowftheeFpDt e,géi dbs of the
fol ded data |ines has been sonmewhat expanded by the sense“anplifier control
signal [err]redderedecrondugtite esocast tol radnaé feer]loweragpteelline as to
execute_ 20 the positive feedback operation of the sense anplifier SAL.
Thus,. e¥en \podrenti@lpdierk isml1ittler énceéhef diweébidedofiathel nu2d is snal |
it is permtted to be anplified by the sense anplifier SAL. In other
wor ds, the gortsntiiwlt ingf + heAtebBasabdimef,i etheé nipigher. d2ta-1ine
Subsequent |y, when the E% 54 has begun to be turned -

potential (VH) does not change because either the

-31 - control neans of the sense anplifier SAl is rendered conductive by %ggb

1

'FET'QS7‘or the FET QSS is nonconductivé. The conductance
of the FET Qg,, is designed to be'smaller than that
10 of the FET Qgg- - | |
Subsequently, when the FET ng has begun to turn
"on" owing to the sense ampiifier control signal ¢%A’
the sense amplifier SA1 starts the positive feedback
operation;ﬁnd changes the'potential Vi toﬁérd the |
15 nhil pdtential'VGﬁD." B |
That is, after the difference_of the potentials
of the ?olﬁed data lines has been somewhat gxpaﬁded
by the sense amplifier cﬁnt_rol signal 551, ‘the Bené-e
amplifier control signal ¢PA is appiied so as to execute |
20 the.positive feedpack operétién'of-the sense émplifier |
SA1f Thus, even whén_the potential difference of the.
folded data iénes is.small,lit is permitted to be
amplified by the sense amplifier SAi; Iﬁ_pthér.WOrds,
the sensitivity of the'sehse amplifief improves.

25 Subsequently, when_thé FET QS4 has begun to be turned



#32- "on" by a sense anplifier control signal [err] or [err] the
s ti ve-feedback differential anplification operation of .the sense
- lifier [err] is started, and the higher data-line potential (VH) rises
¢ toward V 5 Eventually, the pgtential VL of the data line reachas
the null potential and [err] reaches“[err], and they become stable in a
state of |ow inpedance. Figure 4E shows the circuit-arrangenent of a third
detail ed enbodi rent of a D-RAM Parts corresponding to 10 t hose
i n- Fi gupg» My beagehbe sanm irff &F e66et8yIL8E gnalhe f owy h¢§nbodi ment is
different fromthe enbodi ment of Figure 4A 1S t'hatpf'durmy ells DCEL are
connectrd posithevéocdedbdila diNnferedttalluamplddlilcd¥idu operatdénuct ed of
a series 15 connection circuit consisting of a P-MOS [err] and a P-MOS
QD2 Ehetlgatgeméetbmpaimm#sisostented,t erdl divenhighier| i ne, and one
of the source and drain théreof Ts connected to the data |line and the ot her
t 0 onedefatlineopotendncdldri@ln) afisks PoWwBBdIQU2, ..t he 20 ot her of which
is earthed. The dummy cell D-CEL does not ,require a capacitance Cds for
storing theEvestuehdy,pshentpatentiiad Veaobn the tdwdta thime ef er ence
potential is precharged in the data |lines. The dummy cells D-CEL are
f abri caeaches theynudd mied enteeknanda¥ureaghesndlisomndnd with the sane

x

they become stable in & state of low impedance. .
~Pigure 4E shows the circuit grranéemeht of a third
detailed embodiment of a D-RAM. Parts corresponding to
10 those in:Figure hA_bear_the same reference symbols.
The fourth embodiment is different from the embodiment of
Figure 4A is that dummy cells D-CEL are connected
to the folded data lines. _
The dummy cell D-CEL is constructed of a series
15 . connection circuit consisting of a P-MOS QD1 and a’
P-NOS QDZ’ The gate of the P-MOS QD1 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 the source and drain of the P-MOS Qpo» the
20 other of which is. earthed.
The dummy ‘cell’ D-CEL does not requife a caﬁacitance
bds fpr.storiﬁg the reference potential..'The reason
is that the reference potential is precherged in the

dsta lines. The dummy cells D-CEL are fabricated

25 under the same manufacturing conditions and with the same



-33 desi gn constants as those of the menory cells MCEL. The dummy cells /7
D-CEL function to cancel various noi ses which develop on the folded data{.~*

Ii,nerduri ng, for exanple, the wite-down and read-out operations 5 of v =
menorws/nf ormati on. The time-sequential operations of the D-RAMtransistor
circuit will be described with referercg3 e~ Fi gure 4A. The read-out of an
information is carried out in such a way that the P-MOS QMis turned ON to

couple 10 ni%}ggﬁg?g{ihrggét[serars] g&&@e%fomnmgﬂw; cgegtlas Iﬂ_r%]pL and that

how t he pote ata 't ne DL changes 1 n actordance with the

quantity of charg@ges lnfd 7t oPPC| FRhet bRl tbS ol vatriohs
supposed t hat the?%%tgﬂ{nﬁgl Ic%%&%ge% I'n the csztray- cgpa_ci tancev%: oof 0 15

the data | i dds DehPERNARY 1SV 3e [NE180¥CHEQUNGREP diBi¥ltNe ) - €.,
{err]. Then, inthe case where“the information accnul ated in the capacitor

[err] is "1" fobehgx@RpeRL | hel Grilte-ddien Peh&NPeakl-6VR opelrat ¥nd he data

| ine DL becones [err when t he correspondi ng 20 menory cell is
addressed, anf mehdfyCanCovhiRRA ddle i nformation is "0" (zero V), the

potential (VDL),,O , of the data line DL becones [err]. Here, the
difference between the logic "1" and the logic "0", that is, a
The time-sequential operations of the D-RAM transistor

circuit will be described with reference to Figure 4A.

The read-out of an information is carried out
in such a way that the P-MOS Q, is turned ON to couple

\1'0 the capacitor Cq to the cozr;mon column data line DL

S
and that how the potential of the data line DL changes
in sccordance with the quantity of charges stored.
in the capacitor CS is sensed. It is supposed that
the potential charged in the stray capacitance Co of

15  the data line DL. beforehand is half of the powér source
voltege, i. e., %._r_ Veeo |
accumulated in the capacitor Cg is ™1 (the potential

Then, in.the 'case vhere the information

Veoe)s the potential (Vp;), s of the data line DL becomes
Vcc-(co + 2 CS)/Z_ (Co + Cs) when the corresponding
20  memory cell is addressed, =nd inthe case where the information
is 0" (zero V), the potential (VDL)"O" of the data
line IL becomes V_CC .
between the logic ™1" and the logic "O", that is, a

°0072 (Co + Cq). Here, ‘the . difference



C:

~34- signal quantity to be detected [err] beconmes: [err] [err] [err] 5

.ng to the nenory matrix of high integration density which has no

aci tance even when the nenory cells are.made small and a | arge nunber of.
such menory cells are connected to the common data lines, [err] [err}
holds, that is, (C/C) has a Vatyﬁg?LHDSt negligible 10 relative to 1
(one). Accordi ngly, the above eq ilon is expressed by [err], and [err]
is a very small signal. The read-out operation will now be described. The

. precharging operation is the sane as‘EreV|ousI 15 stated. The row

addr esssignadl qupatity &9 de [dekecte avA'ﬁgebﬁ%Qm@SF ed fromthe address
buffer ADB at the timng of the timng signal (address buffer control
signal) [err] (refer to F| ures 3A and 3B) are decoded 20 by the row and
col um decoder te ad Y¥§ mgnof the nemory cell MCEL is
started Slnultaneously mn h the rlse of the word line control signal [err]

= (cs/co)-vCC/ {1 + (Cs/co)}

5 | Owing to the memory matrix of high integration
density which has no capacitance even when the memory
cells are made small and a lafge number of such memory
cells are connected to the common data iines, CS Qgcb
holds, that is, (CS/CO) has a value almost negligible o
10 relative to 1 (one). Accordingly, the above equation
is expressed by AV f_V_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. ' |
The row address signals_Ao to Aj which have _
been supplied from the address buffer ADB at the
timing of the timing signal (address buffer control
signal) ‘AR (refer to Figures 3A and 3B) are decoded
20 by the row and column decoder RC-DCR, and the
addressing of the memory cell M~CEL is started -
. simultaneously with the rise of the word line
control signal ¢x.



-35- As a result, the voltage difference substantially equal to [err] @

ari ses between the folded data lines [err] and DL on the basis of the
st,ored content of the.menory cell as stated before. 5 At the sane
ti rre(thazt ‘the NNMOS [err] has begun to be rendered' conductive by the
timng signal (sense.anplifier control sigmss)=[err], the sense anplifier
[err] starts the positive feedback operation and anplifies the detection
signal of [err] having devel oped at the addressing. Sinultaneously with
the anplifying ofer @& ingsweitaf the viod tags tdibferenpe supsiteyitifldier ation,
the sense anplifier [err] starts_the positive feedback operation owing to
the tining sPewel YoeraYg afmipesobetyeaen: the fobfedogrta 1ined [err]. 15
The col umm address. sij [err].to_[err] which have been sent fromthe
address buf f k4 ADBNIG, ﬁﬁ{mlprﬁﬁi Rewbasishef i HhagstrgRel corRFdss buffer
control signal).[err] are decgded by the r.ow and col um decoder RC-DCR
Su,bsequently?ftﬂ'g é’t%ﬁ‘%’ﬂyiﬁngn&ﬁi §hafed Refenery 20 cel | MCEL at -the
col unn address which has been selected by the tim ng signal (colum swtch
control signal) [err] is transmtted to the conmon input/output lines [err]

and [egr] through { N, oLuD Rihle® brGe Whe n-#O8 SUPREL Bl (e output
' to be rendered conductive by the timing signal (sense
amplifier control signal) ¢PA’ 't.he sense a.mplifier
Sa, starts the bositive feedback operation and amplifies
the detection signal of AVg naving developed at the
“O . sddressing. Simultaneocusly with the arﬁplifyi-ng operation
or aftér the starting of the amplifying operation,
the sense amplifier SA, starts the positive feedback
6peration owirig to the. timing signal ?}I and recovers
the level of logic "1" to Vogr
15 The _column address signals A; , to Aj which have
been sent from the address buffer ADB in synchronism -
with the timing signal (address buffer control signal)
?Ac are decoded by the row and column decoder RC-DCR.
| Subsequently, the stored information of the memory
- 20 cell M-CEL a{;- the column address which hﬁs been seleéted
by the timing signal (column switch control signal) |
9, is transmitted to t.h,_e common. input/output lines
CDL, and 'C'ﬁ'L':l' through the columm switch C-sW,.

.J.



Bt er OA & DOB is operated by the timng signal (data output buffer and
O {put anplifier-control signal) [err], and the stored information having
been read is transmtted to the output term nal Dout of the chip. During .
("write-down, the OA & DOB is held inoperative by the timng signal (data
-output buffer-control signal) [erkk _The prechargi ng, addressing and
sensi ng operations are ~ the Sane as in the foregoing read-out
operation. 10 Accordingly, irrespective of the |ogic value of an input
W ite-down SHbgemaenddiDi nthe heudpate @Mk heX/ SRt 8 ovkBYYenory cell into
which the information ought to be witten is read out between the fol ded
dat a | bHESereOh] &P k3 |openated Miorthe i bininggsbenals (deta jgnored by a
writing operation to be stated bel ow., Therefore, the, operations up to this
poi nt @htpute bdyf e FRd R EPRY &@H&%ﬁﬁ?ﬁﬁ%&PE&°ie?éﬁgﬁig oPew addr ess.

R R e, S 6 R
£ ch- ¢ .

Egt?%ett?;?;f Pﬁ&%ﬁﬂ[ %ﬁ'ﬁ%ﬁﬁfc&iﬁ&% Wt te? ﬁ?‘l‘ﬁef N#Jg%\z]ns %‘z’%?‘é[v‘ng:f]n: _37-

suppl ?g'g'%f P§m&t ﬁ:gﬁdg'tsar}l&%%ty%é%’ﬁg%%q%]ibjs%%hg%ﬁifé% \ﬁnigﬁqg'he timng - _

S|gnal(@g%gaohggw&l%ﬂff%fgggh%gbfyégggaliqiﬁg.are witten into the nmenory

The prebharging,'adéressing and sénsing operations
are the same as in the foregoing read-out operation. ;;
10 pccordingly, irrespective of the logic value of an |

input write-down information D;,» the stored information
of the memory cell into which the information ought
to be written is read out between the félded datﬁ
lines DL,_, and_ﬁf;:;. _?his_informatién read out
15 is ignqped by a writing Operation to be stated below.
Therefore, the operations up to this point of time -

may substantially be considered as selecting a row address.

As in the.read-out operation, the folded data

lines DL, , and DL, which-lie at the column selected
20  in synchronism with the timing signal (column switch-

control signal) ?Y are'coupled to the common input/output

lines CDL, end CDL1 through the column switch C-SW

1 i1°



5 cell
anplifier

lin

[err Refresh is carried out in such a Way’tRat an informtion stored in
t he nennry cell MCEL as is being lost is once read out onto the col um

comon data |ine E%, t

the restored Iev§P Bgapre FRER §rFeVFP
into the ne
simlar to
been expl ai
colum swt

and t t the i nfor ion re%g out, ught into
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di vi ded and

M ARY
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bits (32. Kbghg) serse amp'irl'ﬁcérpaéAbchgéebﬁtEg%nf'Q}H@e argowléper ed in

conformty with the actual geonetrical arrang

10

15

20

L

The respectlve
the output impedance of the data input buffer DIB

is low, information to appear on the folded data lines
1-1 &nd DLy _,
of the ;nput Din

ere determined by the information

Refresh is carried out in such a way that an
information stored in the memory cell M-CEL as is
being lost is once read out onto the column common
data line DL, and‘thaf the information read out is
ﬁrought into the restored level by the sense amplifiers

1
again. Accordingly, the refresh operation is similar

SA, and SA2 and then written into the memory'cell M-CEL

to the operﬁtioh of the row addressing or sensing

period as has been explained in_the read-out operation.
In this case, however, the column switch C—Sw1 is

made inoperaﬁﬁve, and all the columns are simultaneouély

refreshed row by row.

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

[ S,

-~

M CEL through the colum switch [err]. Meantinme, the sense 2

SA is operating. Since, however., the output inpedance of the

datgfjnput buffer DIBis low, information to appear on the fol ded data
{err] and [err] are determ ned by-th |nfornation 10 of the input

4
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P
blLocks have the sane constructions as descri bed above, and bear the sane
rence synbol s. As the circuit arrangenent. of the nenory array, any of
t systens 10 shown in Figures 4A, 4C and 4E can be adopted. The

‘rOWseri es address selection |ines égrwcllines W) of the respective rggory

arrays M ARY1 and M ARY2 are suppli Tromrow decoders (serving al so as
word drivers) [err] and [err] with [err] = 128 sorts 15 of decode

out put signals which are obtained-on the basis of row address si.gnal s
[err]. A columm decoder C-DCR provides 128 sorts of decode output signals
on t hesrshsins viti ¢ memonpdeeddssioghaakeptré4. Koite egteudivddegtti ng decode
out put 20 signals are common to the right and left nmenory arrays and
upper &M snRaFeddiBtai ByocRelRRY el MmEbEhceseBIefon ay, totaling four
colums. In qrder to select_any one _of the four colums, address signals

[err] eREYeMARY e andoMréRY By sARR HavingoacNemery, aaRacditghal [err] is
fo hO BRI oF 266 BRREIIS 7 char 68 Bk (o2 etk Cgnar o Lo
Porr] TS IRel ket ROl St BH°6 5081 ARRCReCo L SOt 1] and
Lerr] 4t £ 'eleddf GOLHIRS 1LY NGPAS SmOlt. The respective

blocks have the same constructions as described above,

and bear the same reference symbols. As the circuit
arrangement of the meﬁory array, any of'thé systems
shown in Figures 4A, 4C and 4E can be adopted.
The row-series address selection lines (word "/
lines WL) of the respective memory arrays M-ARY1 and
M-ARY2 are supplied from row decoders (serving also

as word drivers) R-DCR, ‘and R-DCR, with 2/ = 128 sorts

2
of decode output signals which are obtained on the N
basis o? row addfess signals AO - A6‘.

A column decoder C-DCR provides 128 sorts of —
decode output signsals on the basis of column adéress
signals A9 - A15¢ The column selecting decode output
signals are common to the right and left memory arrays
end upper andilower adjoiniﬂg 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 quégs
this manner, the decoder for selecting the columms of the nenory arrays i :
divided into the two stages of the colum decoder C-DCR and the col um 2
swi trch_sel ector [err] as well as [err]. _ The first aimof the division of-

t he "decoder into the tw stages 15 Fs390‘prevent any  usel ess bl ank part
fromoccurring within the IC chip. That is, it is ained at that the

vertical arrayal pitch of NOR gates which take charge of a pair of right

and |eft OUE&%%Eégnahel sighadf Aheigohllvtedoder theDER1Entidn ch have
conparatively 2 | arge areas is' made equal to the colum arrayal pitch of
the menory s¢l tbe rijhbgotrolldft dimrsjpneoti the ddgmadr Antt thiee t wo

stages; the NOR gate has the nunmber of its constituent transistors reduced:
and can occep¥eetiomneafofthreehmper| gr shakersicedums - The second aim

of the division of the decoder -40- into:the two stages consists in that
the nunber of thEtNDR @a { signebngevervator sdecaddr -fﬁ%ﬁal line is
reduced, thereby to Iightwﬁ%rwaload on one address signal,Tipe and to
enhanc® t hetbett encadespdbe =adressr signpdss & ADE ﬁrg)c?é%%%sp‘?% ei ght

mul ti pl exed external address sjignals [err]; and A8 - Al5 into geggt

conpl enent af9rpinetignsaddngs s ki imarelpsny pwitch selectors CSW=3S,

and CSW-S,. that switch the columns oh the basis of

2
the output signals f 45, ?yO‘i’ ?Y10 and 9‘},'11 of the
generator circuit. ' '

10 In this manner, the decoder for selecting the

columns of the memory arrays is.divided into the two

steges of the éolumn decoder C-DCR and the column

.switch selector CSW-S., as well as CSW—SZ._ The first

1
aim of the division of the decoder into the two stages
15 is to prevent any useless blank part from occurring
within the IC chip;' That is, it is aimed at that
the vertical arrayal pitch of NOR gates Which'take
charge of a pair of right and left cutput signél lines
of the columh decoder C-DCR and which have comparatively
20 large areaé is made equal to the column arrayal pitch
of the.memOry cells: Owing to the division of the
decoder into ihe two stages, the NOR gate has the
number of its constitueﬁt transiétors reduced and
can occupy aﬁ érea of félatively small size.

- 25 The second aim of the division of the decoder
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jthe timngs 10 [err] and [err] adjusted to the operations within the

S chip. The circuit operation of an address setting process in the 2-mat
type 64-K-D-RAM wi || be described wih reference to Figures 5A and 5B. 15
First, the address buffer control™ nal [err] of the row series rises to
the high level, whereby the seven conplenentary palrs of row address

si gnal § plsgr rchecca%ewuwgcaﬂs&gggr W A ESEh S| Shpbsr A?r A6 are applied

fromthe address buffer- row decodéers [err] and [err]

throughna mow 2edleassd iy &sﬁgbctuaxtto %}ggecoderégﬁegegaw signal [err]

rises to the hrgh |l evel, wher the row errf and [err] becone

activeland mereluchd \Alweiéﬂ StMLﬁ nt eqgha0hnt e Temory arrays
M ARYL o R ARySucSs  Eer eByote % A s%rrgdgsgﬁet’ﬁ‘ Qﬁ‘el evel .

Subsequadieys Eh%n&d.d'lq&‘rﬁe bmaetoceﬁhra%é'ﬂ{@“s&fﬁéiaiﬁ g‘éeﬁm um series
rises to the high | evel, whereby the seven conplenentary pairs of col um

2ddress 5 Theshgmaesdeﬂuﬂfsﬂrhgspgwwdakééat&ﬁbcsigﬁa Aditess ekeanal s
[err] are applied fromthe address buffer ADB to the col unmm decoder C-DCR

t hrouglexternal address signals Ag - 7, and Ag - A

err] and [err], respectively. It transmts themto the decoder circuits

{

15 into

eight complementary pairs of address signals (ao, E;)

- (a7, E;);_and (2g, Eg) - (a15, a15), respectively.

It transmits them to the decoder circuits at the timings
10 fyg end ¢, adjusted to the operations within the

IC chip.

The circuit operation of an address setting process
in the 2-mat type 64-K-D-RAM will be described with
reference to Figures 5A and 5B.

First, the address buffer control signel ¢AR
of the row series rises to the high level, whereby
the seven complementary pairs of row address signals
(ao, Ea) - (a6, Eg) corresponding to the row address
signals Ay - Ag sre applied from the address buffer
ADB to the row decoders R-DCR, and R-DCR, through a
row addéress line R-ADL.

Next, the word line control signal ¢ rises to
the high level, whereby the row decoders R-DCR and
R-DCR2 become dctive and one of the word lines WL

of each of the memory arrays M-ARY Y, and M—ARY2 is selected



a columm address line C-ADL. As a result, one pair of output signal Iinesiggi
10 anong the 128 pairs of output signal lines of the colum decoder

C- DGR becone the high level, and the high level signals are applied to the
colunqgsmntch sel ectors [err] and [errg Subsequently, when the col umm

switch control 15 signal [err] rTs d o the hi gh | evel, the

signal generator circuit [err] becomes operable. On. the other hand, the

conpl ementary pair of signals [err] corresponding to the address S|gnal
[err] and t&%& d8nPrefettiE yigh 1 6Ye§rgnals [err] corresponding 20 to

52&?2?2?53?28%3 éﬁmgiﬁamc?dyraﬁﬁﬁeﬁp s e et 1 H1ER8R ol si gnal
forr) has e o 8 B 8 0y WA S o
::Mgrrglh 82255' cr rfurL[ [e]é? P(?&P? %@% grlyhéazas'r.' eqih %ﬁ*ﬁ%e%:% %nﬁs switch
oo o g saﬁé IRt Rt A SRS A
sw tches [ rllrug@nqdhﬁr s 'S RAEET RS AN O PSPPI efHAon! BFE DL Vi thin
address buffer ALCB to the co;umn decoder C-DCR through
& colurm sddress line C-ADL.
As a result, one pair of output signal ljnes
10 among the 128 pairs of output signal lines of the
column decoder C-DCR become the high level, and the
high level signalé are applied to the column switch
selectors CSW-S, end CSW?SZ.
Subsequently, when tﬁe column switch control

15 signsl ﬁY'rises to the high level, the . signsl

Pyis
generator circuit ¢yij-SG becomes operable.
On. the other hand, the complementary pair of
signsals (a7, E;) corresponding to the address signal
A7.and the complementary psair of signals (as, Eg) corresponding
20 to the addresé signal As have already been applied
~ to the ¢§iJ segnal generator circuit ¢le
when the address buffer control signal ¢hR has become

-SG respectively

the high level and when the address buffer control
.signal ¢AC has become the high level. Accordingly,

25 when the column switch control signsal ¢thas become



g so-called 10 2-mat type in which the single IC chip includes the two

vi ded nenory arrays will be described with reference to Figure 6. The two.

gnory arrays [err] and [err] each of which is constructed of a pluraNsy
of menory cells 15 are arrangedgan<the IC chip in a manner to be spaced
fromeach other. In the central part of the IC chip between the [err] and

t he &grr] t he conmmon col nn decoder C-DCR is arranged. 20 The

colu e bighchewedyl ¥ ?ﬁ [enEP&ks&ﬁﬁ%ﬂ%ﬁkrbélmééhtthe [ert] and the

Eﬁz On the ot her_ band, % col.um smntch [err] for the [err] is arranged

bet rﬁ@ teersmide tHee [ etgpals Lot qh%°%@ﬂ§esﬁﬁﬁthlers [err] and
[err] e respectively arran ed in the %ﬂ% d Dart and right end part of

t he eléﬁutsrnsn PSS t%m?sr% ot BRTY bfaé &t FHBCEFFGHé&Lgisl y due to

noi se, for ,exanple, signals applied 5 to the GDCR and also to

faci tPEXEWifthe | ayout of connections. On the left side of the upper part of

sthe 1C ohig (e Sye 810opdss Wheatet 2 LORME 8K 55% Refinsistor

and C-SW

if

a[ e connected to the common data line CDL. The D-RAM I C | ayout pattern of
QEE;

1)

a

vairs in the column switches C-SW is selected,

1 2
and one peir of data lines DL within the memory array

are connected to the common data line CCL.

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 memory arrays H—ARY1 and H-ARYZ-each of
which is constructed of a plurslity of memory cells
15 are arranged in the IC chip in a manner to be spaced
from eagh other.
In the central part of the IC chip between the -

M-ARY, and the M-ARY the common c¢olumn decoder C-DCR

1 27
is arranged.

20 The column. switch C—Sw1 for the M-ARY, is arranged

between the P-ARV1 and the G-DCR. -
On the other hand, the column switch C-sv, for
the H-ARY, is srrenged between the M-ARY, and the

C-LCR.



circuit RAS-SG and a RAS-group signal generator circuit SGL. In prOX|m
to these circuits, there are arranged a RAS signal applying pad P-RAS, a

si gnal\_applying pad [err], and a data gggnal applying pad [err]. 15

On the other hand, on the right side or“the upper part of the IC chip,
there are arranged the data output buffer DOB, a CAS signal generator
circuit CAS- SG. d Seth aks0epggalear Gi pEe&iv proximty
to these circui 'tI'EE' tsﬁg% ar glgﬁ%énlgﬂdégq 5" tS(A[Ze(érieclﬁvez)sl tage1 féeIeEEil ng pad

[err], a Cabrahgéal iApRhkl useffbdefd%taaaat Pighinandyidt nge pad [err],
and an address Signal [err] feeding pad P-A6. A nain anplifier [err] is

arranged beheegs thepRAT @@y StdNShe JOAS! A1 Tirowtli /fézaaw:]ngand t he
CAS-group signal 25 - generator circuit S&. -44- [err] generator
circuit V-erponesaslgddseowd cisej r fort eﬁcfardn&rege sdgeialys ngpplded as t he
RAS-.group signal generator circuit [err], the CAS-group signal generator
circgit SGmOOthehG-DﬁRnamdﬂdﬁé&ntdefaklllfhadSthe Neyoort il as st at ed

bel ow. q&ﬁﬂré roduces mnority carriers, and there is the danger that
t he nennrﬁ’ ituting the [err] and [err] wll suffer from

undeS|red I nformati on inversion due to the mnority
On the left side of the upper part of the IC

a'read/wite signal generator circuit RFRWSG a RAS 10 si gnal generat

chi@, there are arranged the data input buffer DIB,
a2 read/write sdgnal generator circuit R/W-SG, a RAS
10. signal generstor circuit RAS-SG, and a RAS-group signal
generator cifcudt SG1 | In proximity to these circaits,
there are arranged a RAS 31gna1 applying pad P-REKS,
& WE signal anplylng pad P-WE, and e data signal anplylng
'pad P- D. |
15 “n tha othafghand, on the fight side af the upper
pert oflthe:IC_chip, there are arranged the dats outpuf
buffer DOB, a CAS signal generator circuit CAS—SG, |
.and 2 CAngroup signal geherator circuit SGZ. In : —
proximity to thase circuits, there are arranged a
20 Vss voltage-feading pad P—VSS, a CTES signal applying
ped P-TAS, e data signal deriﬁing pad P—Dout; and
en eddress signal A6 feeding pad P-Ag.
A main amnllfler ¥A is arranged between the RAS-group

signsl generato" 01rcu1t SG and the CAS-group 31gna1

25 generator circuit SG,.



rator circuit V B-Gis disposed at the position distant fromthe M ARY1l
M ARY2 to the utnost as described above. On the left side of the | ower
part of the IC chip, the row decoder [err] for the [err] is arranged. \1l5
In proximty to the [err], there ar&érwanged address signal feeding pads
[err] and [err] and a Vcc voltage feeding pad [err]. On the other band, on
the right side of the lower part of the 1C chip, the row decoder [err] for

t he 20 ay&éﬁgnggrﬁggech,é @m t_yl_ tgr?ig%éregim[%oger [err], there

are arranged ess S|gna app |ng s [er err The address

buf f ey, ADR 115084 £ 29 ged et grﬁ}-eﬂn‘ie[ &Hd RAS-grtup A partial
| ayout pattern dlagran1center|ng on The nmenory arrays [err] and the sense

anpli §i i Per@faksir kirtdie ¢, Kothe DeRAMUL he ribed with
reference-to Figure 7A. The nenD?y arrays MARY *and t he sense
ampl i géweretof? eipchormst | vy nehyi fygh Bmphamielr Gype Vel regions
encl osed with dot-and-dast lines. Since the nenory arrays M ARY, the sense
2npl i fegsen IR, ast 8t aded Ited Xbwut Thelv%%}-symmce/! toiinspegt to the
col um decoder C-DCR, the nenory arrays ARY

cerriers, and there is the danger that the memory cells

&%Eélers In order to prevent the danger, therefore, 10 t he VBB

constituting the X-ARY, snd M-ARY, will suffer from
undesired informetioh inversion due to the minority
. carriers. In-ofder to prevent the éanger, therefore,
10 the Vpp generator circuit Vpo—G is disposed at the
position distant from the M-ARY, 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-DCR1 for the M—ARY1 is arranged.

15 In proximity to the R-ICR,, there are arranged =address
signal feeding pads P-Ao, P-A1 and P—A2 end a VCC
voltage feeding pad P-VCC.

On the other hand, on the right side of the lower
part of the IC chip, the row decoder R—DCRZ for the
20 M-£RY, is erranged. In proximity to'the row decoder
R-tcuz, there sre arrénged’sddress-signal-applying
peds 3-A3,.P-;_A4, P-A; and P-A..

The address buffer AT'B is arranged between- the

E-ECR1 and R-DCRz.



10 and the sense anplifiers SA1 and SA2 within well regions on the right

side are omtted or illustrated only schematically. Since the N channel -
type wells are supplied with the power source voltage [err], power supply /- f
lines-{err] are formed as shown in Figure 7A. 15 . In Figure 7A, 7

suppasing the menory array M ARY1l to he gde_first row, the power supply
line is formed every 32nd row of the nenory arrays M ARY. As the intervals
of the power supply lines becone |arger, the well voltage becomes ununiform
nore. In 20 order to prevent this drawback, the power supply line [err]
be formed every Aopavtitie lldydRt pattéehe dhisgrarexeantaraseLnn this
case.. It is therefore favorable to formthe power supply lines at equal

i nterval s atbegmehmeryedrneys ARV &RY, ther sexaeplamplifienerShls 25
of 8 rows, 16 rows, 32 rows or 64 rows. --46- To_the end_of making th
wel | vol t agendnShegr in the SdwdicistuphtHAY| néd labe fdrsanited et al :
exhi biting al nost no voltage |oss, such as Al, Au, M and Ta. In the case
wher e the p®&EETeNRHl $ol iFiE&Toried ofhehBegory FamayYarkARbngd in the
wel |'s, cthey .shoul d preferably be arranged_in parall e] mdth'é&ﬁ data |lines
so as.Tot t & ehePsE PERLE TET: Shiat 8T8 ARG gy indiyid N- channel

Lype el 1 S9RATOL NS ALEARS AR YL W 88t 280SE

lines. Since the memory arrays M-ARY, the sense amplifiers

SAZ’ étc. gere laicd out in line symmetry.with respect
to the column decoder C-DCR, the memory aérays.ﬁ-ARY
10 and the sense amplifiers SA1.and SA2 within well regions
N on the right side asre omitted ;r illustrated only schematically.
Since the N-channel tyﬁe wells are-supplied with ' |
the power source voltage YCC’ power supply lines VCC-L
are formed as shown in Figure 7A.
15 In Figure 7A; supposing the memory array H;ARY1_1
| to be the first row, the power supply line is formed
every 32nd row of the memory arrays M-ARY.
As thé intervals of the power supply lines become
lsrger, the well voltage becomes ununiform more; In
29 order to prevént this drawback, the pover supply line
msy be formed évery;row of the M-ARY, but the chip
area increszses in this céée; It is therefore favorable
to form the power supply lines at equal intervals.
among the memory arrays M-ARY, for example, &t intervals !

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



are isolated for the follow ng reason. A voltage drop devélops
en-the power supply line within the well region for the sense _
ifier SA2 and the positive feedback operation-control nmeans (Figure 4A)

"~ W thin the sense anplifier [err]. Tﬁg vol t age 15 drop becones greatgy in’
the sense anplifier SA2 being nore

stant fromthe power supply line, and

It forns a noise. If the nenory arrays .M ARY and the sense anplifiers [err]

are formed_within a_single Nt mell e t he gf orecited voltage drop
mnll Rg t o1l g?ﬁﬁ&

| onerT@ Her@oend My

P-MOS [err

gen Y iy the threshol d

uge 4A) cell. Then, the
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I 'gure
to short-circuit to the data lines formed of Al.

The F-channel type well region for the memory
errays M-ARY and that for the sense amplifiers S&,
are isolated for the following reason.

A voltage drop develops between the power supply

SA2 and the positive'féedback operation—control.means
(Figure 4A) within the sense amplifier SA,. " The voltage

drop becomes greater in the sense amplifier SA, being

2
more distant from the power supply line, and it forms
a noise. If the memory arrays M-ARY and the sense
amplifiers SA2 are formed within a single N-type well
region, the aforecited voltége drop will lower the
well poténtiél, resulting in lowering the threshold
TH o? the P-MOS Qu (Figure 4A) of the memory
cell. Then, the P-MOS Q, will become easier to turn
"on", which forms the cause of a ﬁalfuﬁctihn.

The I'-channel type well regions for forming !

the memory arrays M-ARY and the sense amplifiers SA2



10 t he sane reference synbols Different fromthe |ayout of Figure 7A
is that the nmenory arrays M ARY and the sense anplifiers SA2 are forned .
mnthln an identical well region. The nodification has the advantage thaicgga-
the\15\/ chip area beconmes snaller than in the |ayout of Figure 7A I

i s dirsadvant ageous, however, in that the noise devel oping in the sense
anplifiers SA2 is prone to affect the menory operations as described above.
20 Figure 8A.is a perspectiye sectional view show ng the

el enent structure of one nenory cell T TEL descri bed above. The nerory
cell MCEL conprises a P-type silicon senm conductor substrate 1, a

conpar at i veI 1:14"!%‘5‘& &tﬂ&g_ﬁ#%@?&gu? éhhl S?HHF?X %efﬂelb

(hereinafter erre 0 as a ng fi a conpasgtlvely

thin insul at ith@e ndige3 &‘diﬁél&pirﬁ% |1:§015hé)xsdﬁsé hﬁpn.mﬁerea g igeferred to
as a -48- "gate insulating f [err] sem conductor ons 4 and 5,

a first poIycﬂw@&aﬂQGuinnm|iﬂﬁ1ﬂ€§&in$im%mGrYpresaﬁiQBS-lnverS|on | ayer

7, a second polycrys haosgi Lhcat e gl ass)
Iayer 9, 5 an aW%ﬂ%ﬁ“iﬁgﬁéﬁ RE??EJ&%PB P gi 100. The
ﬁrr | N 1eRUE BHowt i M Eke 28, Iéﬁdsybsarﬁhetwil hayeaton, drain
reg|o source reg|on
pattern diagram centering on the memory arrays M-ARY
and the sense amplifiers SA, and SA, in the 64 Kbit

 D-RAM.

2

Parts corresponding to those in Figure 7A bear
10 the same reference symbols. _Dirrerént tfom the layout
of Figure.7A.is that the memory arrays M-ARY and the
sense smplifiers SA, are.fdrmed within an identical
well region.
The modification has the advantage that the
15 chip area becomes smaller than in the layout of
Figure 7A. It is disadvantageous, however, in that
2 is
prone to affect the memory operations asg described

the noise developing in the sense amplifiers SA

above. L .

20 : Figure 8A is & perspective sectional view
. showing the elemenf structufe of one memory cell M-CEL
described above. - The memory'cell MéCEL‘comprises a .
P-type silicon semiconductor substrate 1, a comparatively
thick insulating film 2 such as siliédn oxide film

25 (hereinafter'referred to as .a "field insulating film")
a comparatively thin insulating film 3 such as
silicon oxide film (hereinafter referred to as a

t Tesmme ——



~gate insulating filmand gate el ectrode nade of the above-nentioned P?type

sem.conduct or substrate 1, 10 N-type well region 100, P -type
,s\onductor region 4, [err] sem conductor region 5 gate insulating folm

. 314nd second pol ycrystalline silicon |ayer 8, respectively. The second_,
porycrystalline silicon layer 8 is used as, for exanple, the word |ine
[err] shown in Figure 4A. 15 The 28 wn nium | ayer 10 connected to the P
-type sem - conductor region 5 is used as, for exanple, the data |line DL
shown in Figure 4A. 1-1 On the othg; hand, the storing capacitor [err] in
t he nenorgatel inbulatings fddlm"),cR e seuiconduttdrcregionhayer and the

ot her el ectrqde thereof made of the first | ycrystalling silicon |ayer 6,
t he gat eﬁi and| 3» i AgIirsth podysrvatallinn g’&rf‘?ﬂ% 1ayer Ponflayer 7,

respecti ye p Al g L Sy appl g '

pol ycr ys?ﬁﬁ‘?ﬁesg??lkg ce) ng??éyﬂqr{a?é j ebf Z’n? [ %%%%éﬁ%ﬁ%i?%%%ngur face

I nver si opilsgon laiert B; auFSE e(plfoéﬂtmsﬂmaﬂeglasshim{éﬁ%w ng to the
field effect_caused through the gate . -49- insulatihgqgi m 3. Al t hough
tPe MOS an plhumpnipm dayezcO,vend amdVteme oreldi Tegtonat00he P- channel

type, an N-channg ! ygg '}.ﬁei[neror e Ty (QITT MIEL RES' P!
substrate, well region, drain region, source région,
gate insulating film and gate electrode made of the
.above-mentioned P-type semiconductor substrate 1,

10  N-type well region 100, P'~type semiconductor region 4,
Pf—type semiconductor region 5, gate insulating folm 3 and
second polycrystalline silicon layer 8, respectively.

The second polycrystalline silicon layer 8 is used as,

for example, the word line WL1 shown in Figure 4A.

15 The 2luminium layer 10 connecteg to the P'-type semi-
conductor 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 -
made of the first polycrystalline silicon layer 6,
the gate insulating film 3 and the P-type surface
inversion layer 7, respectively. Earth potential
V.. is applied to the first polycrystalline silicon

8S
25 layer 6, and it induces the P-type surface inversion

S

layer 7 in the surface of the N-type well region 100
owing to the field effect caused through the gate



5 the aforecited conductivfty types into the opposite conductivity
types. Figure.8B is a perspective sectional view showi ng the el enent /D
st.tucture of one dummy cell D-CEL. The dummy cell D-CEL conprises P -typﬂ>@

sen156nductor 11, 10 12 and 14, second polycrystalline silicon |ayers x"ff.
17 and 18, and an alum niumlayer 19. The M3S [err] in one dumy cell D-CEL

has its:-substrate, well region, source region, drain region, gate
insulating filmand gate el ectrode nade _of,g he 15 P-type sem conduct or
substrate 1, N-type well region 100, [err] “sem conductor region 11, [eérr]
sem conductor region 12, gate insulating film3 and second pol ycrystalline

silicon Iayeriﬂgulggiﬁgcrllﬁl The second polycrystalline silicon |ayer
17 extends over the 20 N—type wel | region 100 as, for exanple, the

dummy word |ine [err] Astthaughn thieg oS in'MhﬁeﬂQnﬂrVLﬁﬁlhyﬁrCEb
connected to the'Jerr] sem reqi extends over the -
P-type senic ﬁﬁci’ﬁ?nsﬁﬁfnp;ﬁgqle%aés e giéiﬁﬁl’gl Q‘Fh mPdata |ine DL1 1
shown in Fi gugechlnnélict %@i(ﬁgﬂnbfﬁg Fﬁ?ﬁ? tI%tgliubstrate

5 wel | region, source‘reg |on aln regi on, gate g filmand
gate ebectrodtheadfonbcﬁhechpnducﬁﬂwﬂhyunypes inmpcmhé.oppbahtemell

regron 100, | o et lvity tpes.
' Figure 8B is a perspective sectional view
shoﬁing the element sttucture of one dummy cell D-CEL.
The dummy cell D~CEL comprises P*-type semiconductor 11,
10 12 and 14, second polycrystalline silicon layers 17
and 18, and an aluminium layer 19.
~ The MOS Q_, in one dummy cell D-CEL has its
substrate, well region, source region, drain region,
gate insulating film and gate electrode made of the
15 P-type semiconductor substrate 1, N-type well region
100, P*-type semiconductor region 11, P*—type semiconductor
region 12, gate insulating film 3 and second polycrystalline-
silicon layer 17, respectively. The second
polycrystalline 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
layer 19 connected to the P’ -type semiconductor



region 12, [err] sem conductor region 14, gate insulating film3 and second
pol'ycrystalline silicon |ayer 18, 10 respectively. The polycrystalline

te/ dunmy cell D-CEL of Figure 4E by way of exanple. Although the MOSerr] ]

'_-Con | ayer 18 is supplied with a discharge signal [err] illustrated in
{

- ard [err] in the dummy cell DCEL.%vg been exenplified as the P-channel

type, 15 N-channel type MOS QDI" and QD2 can be formed by changi ng all
the aforecited conductivity types into the opposite conductivity types. The
| ayoutrgpabhend @ixtiedadRswPsy BhEAP-WypRY démi chieadesss i beBlspthber ef erence
to Figure 9A. 20 The menory "array M ARY shown in Figure 9A is such
that a Risyr Fbirt YxRmp BT hé ehhimmly QBlt A SHOVDL | N, Felewg 8 are arrayed in
the N-type well region 100. First, the nenory ar??ﬂ/ M ARY is constructed as
st at eq_rpqdiFm-e 4E.S51- In order to isolate fromone another the plurality of
meriory cell's M CEL each of which is constructed of the MOS [err] and the
storing camhel MOS @, Mirhtheudhany @elneDNENMayeltsr sgbotrate, the
field insulating 5 film2 is formed in a basic pattern shown in Figure

IB. Aweldl deigiom,atsourde | regions eradn irmegidy, agateginsubdbing cont act

hole [err] for applying earth potential [err] to the first polycrystalline
silicdilmpad gatlet electrode made of the P-type semiconductor

region .1, N-type well region 100, P"'-type semiconductor
region 12, P"'-type semiconductor region 14, gate insulating

film 3 and second polyerystalline silicon layer 18,

10 respectively. The polycrystalline silicon layer 18

is supplied with a discharge signal .¢dc illustrated

in the dummy cell D-CEL of Figure 4E by way of example..
Although the MOS QD‘l ‘and QDZ in the dummy cell.

b—cm. have been e:;emplified as the P-channel type,

15 N-chennel type MOS Q,, and Qp, can be formed by changing

20

all the aforecited conductivity types into the opposite

conductivity types.

The layout pattern of the niemory array' M-ARY
will be aescribeé with reference to Figure 9A.

The memori arr.ay M-ARY shown in Figure 9A7is
such that a plurality of mer;nory cells M-CEL as shown
in Figure 8 are arrayed in the N-type well region 100.

First, the memory array M-ARY is cor;structed

as stated below, |



is accordingly possible to prevent the fault in which an 10 al um nium -
silicon alloy forned in the vicinity of the contact hole [err] on the basis

of. the interaction between the alum nium ayer and the polycrystalline 7-
sil hcowA ayer penetrates through the insu ,iati,ng filmlocated directly b":l :
the contact hole [err] and undesirably 1 “reaches the surface of the ’
N-type well region 100. On the field insulating film2 and the gate
insulating film3,- the first polycrystalline silicon |layer 6 which is used
as one el ectrodgnodrikee Looriswlab@atrbmr ofiel anblthererthig praraMEfL is
formed in"a basic pattern 20 shown in Figure 9C. Further, on the first
pol ycryst ablfi memeryi celllsaye+CElL, é¢iaehwofdwhirehs i[scradnstasine bédwhi ch is
formed by the second polycrystalline silicon layer 8 in Figure 8A extend in
t he verticalf dheeM0BoRQ,; mrnzb the FstoringAcapaciidr tirerthen the _
pol ycrystalline silicon |layer 6 as one el ectrode of the storing capacitor
[err], thesprfecesafpithe iNrdime ryeldr regdonndOfar tthedfeldaingulating
throygh the contact hole [err] extends in the lateral 5 direction in

Fi gurt 9A. fdAmt Belst formeshdn thebgaia patdermenstiowmmdn eFigueachBef whi ch

is fornmed by the alum niumlayer 10 in Figure 8A extend substanti al I% in-
parallel with tAefield insulating film 2a is exceptionally arrange

under & contact hole Cﬁo for applying earth potential

Vgs to the fir#t polycrjstalline silicon lajer 6. It

is accordingly' possible to prevent the fault in which an
10 aluminium - silicon alloy formed in the vicinity of

the contact hole CH. on the basis of the interaction

N 0
between the aluminiumlayer and the polycrystalline
silicon layer pene.tré.tes through the ins.ul'_at'ing film
located direétly below f.he. contact hole CHO and undesirably
- 15 reaches theﬂ surfat.;e of.the. ﬁ—type well region 100.

On i:he 'fi'eld' insulating film 2 and the gate insulating |
film 3,- the first polycrystalline silicon layer 6
which .is used as one electrode of the storing'éapacitor
cs in the memo'ry cell .M-—CEL is formed in a basic. pattern
20 shown in Figure 9C.°

Further, o'n'.thé first polycrystalline silicon

1-1
is formed by the Secéngi polyérystalline silicon layer

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

8 in Figure 8A extend in the vertical direction in

25 Figure 9A.



power supply line [[err] as shown in Figure 9A. The 10 " data line DL1 1
is connected to the source region of the MOS QM iTr one nenory cell M CEL
{}BLough a contact hole [err], while the data line DL11 is connected to the

""ce region of the MOS [err] i apther nmenmory cell M CEL through ax./
sort act hole CH2. In addition, 15 the data lines [err] and [err] extend
in the lateral direction in Figure 9Alikewise to the data lines [err] and
[err], andFubtherr e crwntlieet g6l yoryhe sddime s¥piesa Dhyebe MOS [err] in
menory cells M CEL through contact holes in predeterm ned parts. 20
| n or derad onki @3 édirddé yopf tkel stegiing ibdei toe pgwetheource vol t age
[err], the power supply line [err] extends- at an enl of the nenory array
M ARY powerheupailey dlins r%gé-i—bnfbn Fegudin® feanrth spotentladl |y in parallel
with the data lines.. -¥Y53- The layout pattern of the nmenory array shown
in Fi thEoagh rihedentaet nbodey Gy @xtendy Indtheelddemplarray D ARY
Is illustrated in Figure 9D. Parts corresponding to those in Figure 9A bear
$he 5 direcdion direrBigureydhols. The |ayout pattern is different from
Figure 9A in that the dummy array D-ARY is added. A durm%&el_l D- CEL shown
in Figure 9p thesihenderdastbeadedadiigwes DL, _, and DL, |,

each of which is fofmed by the alum_tnj_uﬁ’layer 10 in
Figure 8A extend substantially in parallel with the
power supply line Vg -L as shown in Figure 9A. The
10 data line DL, , is connected to the source region
of the MOS QM in one memory cell M-~-CEL through a contact
hole CH,, while the data line -)T;: is connected to : ~
the source region of the MOS QM in another memory
cell M-CEL through a cont#ct hole CH,. In addition,

2
extend i_n the lateral

1-2 &nd DLy

direction in Figure 9A likewise to the data lines

15 the data lines DL

DL, , end DL, ., and they are connected to the source |
regions of the MOS QM in memofy cells M-CEL through -
contact*holes in predetermined parts.

20 In order f.c ‘bias the N-type well region 100 to
the power sou_rée voltage Voge the power supply line
Vcc-L extends- at an end of the memory array M—ARY
in the lateral directign in F_igure S9A and sﬁbstantially

in parallel with the data lines.



A part of the surface of the N-type well region 10 100 is fornmed with
the field insulating filni2, *while another part of the surface of the
N-type well region 100 is formed with the gate insulating film3. The |
sem gonductor region 14 is used as the common earth line of a pluralit
dunng.cells 15 D-CEL. On the field insulating film2, the dunmy wor
line [err] extends which is formed by time 8Bcond pol ycrystalline silicon

layer 17 in Figure 8B. The dummy word line [err] constructs the gate 20
el ectrode of th @aumuﬁtaftecmfcehb Refry a%éf%rwdwr hand, - a

control signal line [err] ich is formed by the second polycrystalline
silicon layghn #BghReFigUG8 SBdTuUdESCEnbOomemRIYY Hi@-a? MR YWeardnt r ol
signal [err] illUstrated in Figure 4E is kept apart 25 . fromthe dumy
word line. Dihd dummy abreyt OIRYiTs ilddskeatiddelir [FEgwé 9D, The control
signal line [err] constructs the gate electrode of the MOS [err] in the
dummy cel | Parfflcorréekponddng hto diivyewind Fiigurd 9N [bearl theontrol =
signal line [err] extend in parallel 5 with the dummry word line [err]

and the congafe gefefencengymbdls. TiFheldaydutepatberd bsddleferentt end
fromthe menory array M ARY as shown in Figure 9D. :
from Figure 9A in that the dummy array D-ARY is added.

‘A dummy cell D-CEL shown in Figuré 9D is constructed
as stated below. . _ _
A part df-the surface of the N-type well region
10 100 is formed with the field insulating £ilm 2, while
W, another part of:the surface of the N-type wellqugién
400 is formed with the gate insulating £ilm 3.
The P'-type semiconductor region 14 is used as
the common earth line of a plurality of dummy cells
15  D-CEL. | | |
'On the field insulating film 2, the dummy word
' line DNL1_1 extends which is formed by the second
polycryatalline silicon layer 17 in Figure 8B.
The dummy word 11ne.DWL1_1 constructs'the gate
20  electrode of the MOS Qp, in the dumy cell D-CEL. On
the other hané,”a control éignal line ¢hc'L1 which
is formed by the second poljcrystalline'silicdn 1éyer
18 in Figure 8B in order to apply the discharge control
‘signal tdc illustrated in Figure AE is kept-apért
25 froﬁ the dummy word line DML1’1 and is extended in



- CO

The [err] is connected to the source region of the 10 [err] in one dumy’

cedl- D-CEL through a contact hole [err], and the*DL1Z is simlarly

cé@tt ed to the source region of the MOS i n another D CEL through a
act hole CH4. The manufacture of the dynam c RAM 15 of <

conpl ementary type having the N and the P-MOS (hereinafter referred to

as "CMX") wll be described with reference to Fi gures 10 to 35. In each

of the figures, X1 sectional, process dja r_am ction X in the

nermP?"%]ffegiy Wﬁ\ﬁ?‘“é%&m qzl“gj?.ﬁ"e’p SMFPi imies settional pr ocess

Fi QUPEIBRuGES ﬁhans@%”ce}'ﬁcet‘“ 1o e Shnt ,ﬁp%ense %?34%%?” *%5 - on
e SUFECH R Br Coler TREVAeE iRt hESBRYIHORR Mifth MR ype o ngl o

.S{Y?éﬁé %- i Fito o} srighis; L-L#faee Gashec %PSSF%‘OS? FRGE 0 (o0 3,

i.n o t he A pe, 0 ite to that of
t he éem conduc or sug’str lﬁ'héh—])afg tet K:e%‘; &5] ’%léj’%isoz on the
sen fﬁ@lu,téo_[wastrate 101 whi ch

(o] .

DL, ., DL and DL, .

1-1 1-1 1-2 1-2
extend from the memory arrsy M-ARY as shown in Figure 9D.

The data lines DL s DL

The DL1 1 is connected to the source region of the
MOS Qp, in one durmy cell D-CEL through s contact
hole CH

5» and the 'DL1__2 is similarly cbnnef;ted to
the source region of the MOS QD1 in another D-CEL
through a contact hole CH4.
The manufacture of the dynamic RAM
of comp_lemenffaryi' type having the N-MOS and the P-MOS
(hereinafter referred to as nC-MOS") will be described
with referenc‘e to Figures 10 to 35. 1In each of the - -
figures, x1 is a sectional process diagram of section
x1 - X1 in the memory array.M-ARY shown in Figure 94,
while X2 is a sectional process diagram of the C-MOS
circuit port:ion of the sense amplifier SA2 shown in
Figure 4A. | __
As shown in Figure 10, an oxide film 102 is formed



correspond to the well formng regions are renoved. To this end, a silicon
nitride [eérr] film103 is first formed on selected areas of the surface
the [err] film 102 as an etching mask. In this state, 15 the SiQ2 fil ,
not covered with the Si 34 film103 is fenpved with an etchant. As shown in’
Figure 12, in order to formthe well re,gl ?s <0f the conductivity type
opposite to that of the sem conductor subStrate 101 within this

seni conductor 20 substrate, the sem conductor substrate 101 is etched
down to a desown thHedspirDabg bife avaslentiicdndye porcsabstrattee @Y. etAshing
process by enploying the [err] film 103 as an etching mask. -56- As

shown in Fi gtf@tréz?ablé]%étéﬁﬂyféi'athéf somicondpicttaxi al ly grown in each
of the etched regions within the sem conductor substrate 101.

Si mul t aneous|spbsthet&i 101y andl the dopictle W1lmano&si @ F-type singlerthis
way, the N-type well regions 100 having an inpurity concentration of about
[err] are forcrgdtah shdiconi dSidusnbhstrate rhavingl thendiQo )k aryatal [err]
film102 and the Si3N4 film 103 on the seni conductor substrate 101 are
removed. 10 fsce andpg sdlicey diexidepeSiRy) fidrmede mesHastiiehy

advantage is a(;gl eved: When the nenory cell I's constructed within the
us e ’

As shown in Figure 11, in order to form well
regions of the conductivity type opposite to that
of the semiconductor substi'ate, those parts of the

) Si()2 film 102 on the semiconductor substrate 101 which

correspond to the well forming regions ‘are removed.
To this end, a silicon nitride (s'iéN4) film 103 is
first formed on selected areas of the surface of the
sio, film 102 as an etching mask. In this state,

N.

15 the 3102 film not covered with the Si 4

3 film 103

is removed witﬁ an etchant.

As shown in Figure 12, in order to form the well
regions of the cdn_ductivity type opposite to that of
the semicondu_ci‘:br substrate 101 within this semiconductor
20  substrate, the semiconductor substrate 101 is etched
down to a desired deptljx by the wet etchirig process

or the dr'gr 'étching pfocess. by employing the Si.N

374

film 103 as an etching mask.



type well region in order to prevent a stored information from being
verted by the absorption of [err]-particles 15 Into the capacitor
t] of the nenory cell, holes generat'ed in and below the N-type well by
a e [err]-particles are reflected by the barrier of a P-Njunction, ard the
“ influence of the holes on the capacitor [err] is avoided. By epitaxially
formng the well region, the foll ng 20 advant ages are achi eved over
the case of formng it by diffusion: (a) Since the inpurity concentration
of the well can be readily controlled, it can be made uniform® (b) The
junction capacitance in the well|l surface can - 57 - be made |l ow, and the
speed of Adieshewnr inoRigirent Hpcthesshingle (ysiakeofh®li npurity
concentration in the well surface can be made | ow, the breakdown vol tage
i ncrkssesi tdxiallidgrbwn canteathodb £t bbet letedied degidmge is facilitated.
(e) The depth of the well can be precisely adjusted. The steps of formng
Nt ywithiz | thegsemd copduntdrersubstivdtei 10 how Jonaktenedadlyith reference
to Figures 14 to 16. As shown in Figure 14, the single crystal of Si is
epi t Blxe o831 yepyabhalod st idoned| eithr aasendie.a senmi conductor substrate 101

whi | st dqfinghit with arsenic. The inguritx concentration of arsenic is
n is way, the N-type well regions 100 having

15 op=3

-

an impurity concentration of sbout 10 are formed
on the semiconductor substrate 101. .Thereafter, the
Si02 film 102 and the 513N4 film 103 on the semiconductor
substrate 101 are removed.
10 By forming the N-type well regions, the following
__advantage is achieved:
When the memory cell isfconstructed within the
N-type well region in order to prevent a stored information
from being invertéd by the absorption of d-particles
15 into the capacitor cS of the memory cell, holes generated
in and below the N-type weli by the (~-particles are
reflected by the barrier of a P-N junction, and the
influence of the holes on the capsacitor CS is avoided.
By epitaxially forming the well region, the following
20 advantages are achieved ovér the case of fofming it
by diffusion: '
(a) Since the impurity concentration of the well can

be readily controlled, it can be made uniform.

(b) The junction capacitance in the well surface can



1015 cnB. Thus, an N-type well region approximtely 15 3 pmdeep is .
formed uniformy on the Sem conductor substrate 101. As shown in Figure ]@
in order to formdesired N-type well regions, an Si film 102 and a
photoriesi st film 104 are fornmed on the N-type well form ng regions. 20
Thereafter, using the Si film 102 and the photoresist film 104 as a nask,
boron at an inpurity concentration of 2 g?[grr] is ion-inplanted into the

h

surface of the N-type well, whereupon t mal .diffusion is executed to
di ffuse the baoron and to formthe sane P-type regions as 25 t he
sem conduct or substrate 101, -58- As shown in Figure 16, the SiQ2 film

102 and t he bmmagieediost, andntiva speederfydde MeBPRY t AREBREIPRA N-t ype
wel | regions within_the sem conductor substrate 101. It is a matter of
course that Rerom@soddgRsor forming the N-type well regions is not
restricted to the two rts, of npthods nentioned abpv

met hod may wef) &%fﬁq}%&qmrmdf:e%% o h@ﬁfé‘l‘ge‘%’sﬁgtﬁggﬁ%gﬁgu
e 0T P0 Yeth Wl 5 SR ol M el bR 107 0
oxi g ont ST 8k HRASE SECchE EREHR LN, 81 886°18" bR cares.
(¢) The depth of the well can be precisely adjusted.
The steps of forming N-type well regions
by another method will now be described with reference
to Figures 14 to 16. |
in - As shown in Figure _14., the single crystal of
Si is epitaxially grown on the whole surface of a
sémiconduétor substrate 101 whilst dopiﬁg it with
arsenic. The impurity concentration of arsenic is
1015 c_m'3. Thus, an N—type'well region approximately
15 3 pm deep is formed uniformly on the semiconductor
substrate 101.
As shown in Figure 15, in order to form desired
N-type well regions, an Si02 film 102 and a photo‘r_:esist
film 104 are formed on the N-type well forming regions.
26 Thereafter, u-sing ‘the Si'.o2 £film 102 and the phbtoresist_
film 104 as a mask, bdron at an impurity concentration
of 2 x 101_5 'C.!;I‘B is ion-implanted into the surface of the
N-type well, whereupon thermal diffusion is executed to
.diffuse the boron and to form the same P-type regions as

25 the semiconductor substrate 101.



As a favorable material for the oxidation- resisting film2103, a silicon
ide (Si 3N4) filmis used.; The [err] film202 is forned to a thickness
roxi mately 500 by the surface oxidation of the Si substrate for the.
i ng reason. In the cass8wlere the [err] film 103 is forned dixectly
onMhe surface of the Si substrate 101, a thermal strain is afforded to the
surface of the Si substrate 101 by the difference between the coefficients
of ther %Rﬁps n t e a 34 film103. In
consequ c %‘8 Fg%/ﬁ. d'efe ségtrr)'é %g%g'eaez @ﬁ]e surface of the Si
sub o] 4T d e I1m102 is
for%g t'gq%]eSi aggi the agyg %ﬁﬁg‘t’le&?\,\?agﬁ (ljctrl'lreé t‘%}eesr or&matlon of the
E ?gfe Well eﬁ‘é%%&ﬂg wlggntrbetl'?é he&mi@8Hauk B8 rols s tiridt® MbA J s used as a

the s Tve oxidatron of .the SI substrate .101 as w1l be

-_descr' bed, 137 d&t:ﬁuth@t ®r cHithdd tiathensf &»ecfe%rsn%:to a thickness of
approximately 1,400 [err] by, for exanple, the CVD (Chem cal Vapour

Dep@simidrign)thld) N-typeowell rdpiun€risonsgl pekitrdlatgemove the Si 3NA film
103 on those parts of the surface of the Si substrate 101 in which a

compariid Weilg/ ddnrtl offsdledriods fmémtioned above, but that

another method may well be resorted to. Needless to
say, the well regions may well be formed by diffusion.

As shown in Figure 17, an 55.02 £ilm .102 and an
insnlating film which does not let oxygen pasé therethrough,
that is, an oxidation-resi_sting film 103 are formed -
on the surfaces of the sen{icondﬁctor substrate 161
and the N-type wells 100.

As a favorabl.e material for the oxidation-
resisting film 103, a'silicon nitride (813N4) film
is used. .

The Si0, film 102 is formed to a thickness of -
approximately 500 X by the surface oxidation of the
Si substrate for fhe following reason. In the case where
the 513114 film 103 is formed directly on the surface
of the Si substrate 101, a tilermal strain is afforded

. to the surface of the Si subsfrate 101 by the difference
between the coefficients of thermal expansion of the

Si substrate 101 and the 813N4 film 103. In consequence,



that is, field insulating filmis to. be fornmed, a 15 photoresist film 104

is first forned on sel ected areas of the surface of the Si N film 103 as an
etching 3 4 mask. Under this state, the exposed parts of the Si3N4 film 10
are remaved by, for exanple, the plasma etching process capable of precise J
etching. 20 . Subsequently, in orgeggtg prevent |ayers of the
conductivity type opposite to that of the“Substrate or the so-called
inversion layers frombeing formed in the surface parts of the Si substrate
101-i n whi cherystgd-defiectsciare eansad ninf the purdfgch@f dhe Hhurity of
the sane conductivity type as that, of the substrate . or a P-type inpurity is
i ntroduced i BvBstRate; 1él]bst A% order t4e REevenrt thds dnay exposed in

the state 5 in,which_the phqtoresist_fil 04 is |eft hown in Figure
18. As a protB€sS{8p fh@"‘i AP0 e iamed ?’Plg]‘ St 9%%%1"&?3@"% he ion '

ipr:ySQt ?%8?#3%‘3%%3%?2;195% h°e§' X%F%ﬁfaﬁ%%pé% oths Srgly < "0
| | anted e i
10125 ome/ ohbLR, f9ara PRs Rl G HE5 0, hha”Shstee DA% Woas of the
surface of tﬂ§e§'a§“2555%kef§¥Ltﬂﬂ“§%f%E¥iLbc8&5&a€§%ﬁ”3¥”¥ﬁé1F”gure 19,

after renovi

Si substrate;1d1 as ﬁill_bé described in detail later,
and it is theréfore formed to a thickness of approximately
1,400 X by, for example, the CVD_(Chemicathpour Depositioﬁ)~

10 process.

_In order to selectivelj remove the 513N4 film

103 on those parts of the.surface_of the Si substrate
101 in which a comparatively thick insulating f£ilm,
-that is, field insulating film is to be formed, a

15 photoresist film:104 is first formed on selected areas
of the surface of the_Si3N4 £ilm 103 as an etching
mask. Under this state,_the exposed parts of the _
Si3N4 £ilm 103 sre removed bj, for ex#mple, the plasma
etchihg prdcgsé capable of precise etching.

20 subsequeﬁtly, in Orderfto,prevent layers of the
conductivity type opposite to that of the substrate

or the so-called inversion layers from being formed

in the surface parts.Of the Si substrate 101 in which



15 the photoresist film 104, the surface of the Si substrate 101 is
selrectively oxidized by thermal oxidation, by enployirng the Si 3N film 103

a mask, and the SiQ2 film 105 bei ng approxi mately 9,500 [err] thick
[¢ einafter, terned "field SiQ2 filnt') is forned. During the formatiqQn, 20
of the field Si film 105, the i on-6@ptanted boron is brought into the Si
substrate 101 by outdiffusion, so t.hat P-type inversion-preventive |ayers
(not shown) having a predeterm ned depth are formed directly bel ow the

fieldtherfrieidl ﬂhéﬁiatinﬁ]_&li:lxh Nier deirmed e a0 Inpgudesey peft s of  the surface
of the Si substrate 101 ich are not formed with the field [err] film 105,

the SitBb4samencdfAductivdtyetypyetls thatexdthe subdwtrgbesphoric acid
[err] liquid. The [err] film 102 is subsequently renoved with, for exanple,
a hydoof auprtgpacinpOri)ty iigi introdacedsdntoe tted 51 eshbs tpstef t he
surface of the Si substrate 101 as shown in-Firgure 20. In order to obtain
t he ditoethroughayhes Sif0 i1l 102 expoased drs e rgtatet he menory cells
%/LCEL, t he exposed surfaces of the Si substrate 101 and the N-type wells
00 ads whiekdthet phe tonasistt£ilmsdP4t ilisg Yeftn dDeskewshown in Figure 21.
That is, the exposed surfaces of the Si substrate 101 and the N-type wells
are t horFhgupe138. Asof qiragesanhéprbfhehdrtnadughieniaful ating fil m 106

the P-type impurity, the ion 'implantation is favorable.
By way of example, the ions of boron being the P-type
impurity are implanted into the Si substrate 101 at an
10 implantation energy of 75 keV. The dose of the ions.

12 ai:oms:/c:m2 .

at this time is 3 x 10
A field insulator 105 is formed on the selected

areas of the surface <.>f the Si substrate 101. More

specifically, as e;hown in Figure 19, after removing

15  the photoresist film 104, the surface of the Si substrate

101 is selectively oxidized by thermal oxidation by

employing the Si3N4 fill;l 103 as a mask, and the 8102

film 105 being approximately 9,500 X thick (hereinafter,

termed ":f‘:i.eld.Si()2 film") is formed. During the formation

20 of the field Si0, film 105, the ion-implanted boron

is brought into the Si substrate 101 by outdiffusion,

so that P-type inversion-preventive layers (not shown)

having a predetermined dépth are formed éirectl’y below

the field 8102 film 105.



bei ng approximately 430 [err] thick is fornmed in the surfaces. Accordingly,
the first gate insulating fitm 106 is nade of SiQ2. A first conductor |ayemsy
107 for use as one el ectrode 20 ~of the capacitor [err] in, each mam)_
cell is formed on the whole surface of the resultant Si substrate 101
-62- a5 shown in Fi gure 22. A polycrystalline silicon layer is forned on
the whole surface of the Si substrate 101 as the first conductor |ayer 107

by the CVD process. -The thickness of the pol ycrystalline silicon |ayer
is approximately 4,000 [err]. SubsequeMM™ "I n order to | ower the '
resi stance of the polycrystalline silicon layer 107, an N-type inpurity,

e.g., phosphorus is -introduced into the polycrystalline silicon |ayer 107

by the diffusion process. As a 10  result, the sheet resistance of the.
polycrystalline silicon |ayer 107 becones approxi mately [err] per square.

In order to put tﬂeé#gé{. Egngﬂékg;a It@%) e_%apééétségpgiﬂgcgyl%éé ne silicon

| ayer 107 into apr erm ne ectrode s , rst polycrystalline

siticon 15 of 1)1 MfbdPraebelnly ShidPEMehy FlenBROLARCNI Ng process

so as to formefl _ 8 as shown 1 n ki gur e plasma etching
capabl e of pigreifieIRi BiBY FP1AULD3L! ¢HES $i N OCLEEm! 203- 38/ SEmoRld

renmoving the first polycrgstal- line silico I‘hyer 107. Subsequently, -the
exposed partwith, for example, a hot phosphoric¢ acid (H3P04) liquid.
5 'ﬁ:e $i0, film 102 is. subsequently removed with, for
exanrple., a hyd_ro_fl_uoric acid (HF) liquid, to expose
the selected areas of the surface of the Si substrate

101 as shown in Figure 20.

In order to obtain the dielectric layers of the
10 ~ capacitors Cg in the memory cells M-CEL, the exposed
surfaces of the Si substrate 101 and the N-type wells
100 axe formed wiﬁh a first gate insulating film 1.0:6
as shown in Figure 21. That is, the exposed surfaces
of the .Si substrate 101 and the N-type wells are thermally
15' | oxidized, whereby the first gate insulating film 106
being .approxim_ately 430 A-thi_ck 'is formed in the surfaces.
Accordingly, the first gate insulating film 106 is |

made of S:,i.02._

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

on the whole surface of the resultant Si substrate 101



20 of the first gate [err] film 106 are also etched to partial- |y
~expose the surfaces of the N-type wells 100. In-order to obtain the gate
-suI ating films of the MOSFETs in the nenory array M CEL, the dummy

L)

33- array D-CEL and the peripheral circuit portion, the exposed surfages
the Si substrate 101 and the N-type wells 100 are fornmed with a second
gate insulating film 109 as shown iﬁeFi gure 24. That is, the exposed 5
surfaces of the Si substrate 101 TarFtThe N-type wells .100 are thermally
oxi di zed, whereby the second gate insulating film 109" being approxi mately
530 thick is fornmed in the surfaces. Accqrdingly, the second gate

i nsul &S shown| in1Edgurerstle- of & PRLYCTVShe: siy 10 with the
formation of the second gate insulating filmor second gate [err] film 109,
the suyilieen bayeme ie ctormedsonofhgawBod® the first polycrystalline

silicon are oxidized and are forne ith rr] films 11Q bein
alpplrom%Fyél'é,lf -4 rﬁ'@?@t‘ﬁ%e[ iro\rﬁq a5 {tﬁ;qlﬁ)llgg:vggnggctbr?m t he

i nter-J] ayer_jpsyul ation ween the el egtrode, 108 and an gl ectrode made of
s'econdiaﬁéFylbgngI Ith‘?eé{&} i REACLFShe r&b’e%“‘i‘%?%r?gAEﬁghom in Figure
5, in qQrder to,cqQntraol,the threshold voltage of the N; ' P-type
mour (R TSEystRLIARG Fiddken \18eR. Ao Fartixfaatelyr o008 Ao &

subst rf‘\fnes-ecll&lanyiyv,m'i%h difet ¥5510%e° die PELFtance of the

polycrystalline silicon layer 107, an N-type impurity,

e.g., phosphorus is introduced into the polycrystalline
silicon layer 107 by the diffusion process.' As a
10 result, the sheet resistance of the polycrystalline

silicon layer 107 becomes approximately 16Q per square.

In order to put the first conductor layer or
first polycrystalline silicon layer 107 into a predet':ermined
electrode shape, the first polycrystalline éilicon
15 layer 197 is selectiw.rely removed by the photoetching
process so as to form electrodes 108 as shown in Figure 23. -
Tﬁe plasma etching capable of precise etching is suitable
as a process for -selectiirely removing the first polycrystal-
line silicon layer 107. Subsequently, -the exposed parts
20 of the first gate Si0, film 106 are also etched to partial-

ly expose the surfaces of the N-type wells 100.

In order to obtain the gate insulating films

of the MOSFETs in the memory arrxay M-CEL, the dummy



by the ion inplantation process and by enploying a photoresist film 104

over the surfaces of the Ntype wells as a mask for the ion inplantation. .
Bar on,. for exanple, -64- is used as the P-type inpurity. It is
preferabte that the. inplantation energy is 30 keV'and that the dose of

lons is 4.5 x [err] atons/[err]. A-second conductor layer 113 is forned on

the 5 whol e surface of the resultant Si sud8trate 101 in order to use it

as the gate electrodes of all the MOSFETs and the wiring | ayers. As shown

in Figure 26grpapobyCElShnll the PerigHerayetiteuler pogtaord,hamntire
surface of the 1 Si substrate 101 as the second conductor |ayer 113 by

the CVD proceﬁg sddeshhfakeasofoftH s Poswesyphdkl H0a @inld dde Myefpel 13 i s
approxi mately 3,500 [err].  Subsequently, in-order to |ower the resistance

of the pol ycwg¥lsl10Meane! fopmeldawdthl 18, sacohidt gatei dpsuliating 9.,
phosphorus 15 is introduced into this polycerystalline silicon |ayer by

t he di ffusi ofimot@3sasAshewnedm {Figurme s2éet Thatstiagcehs dxposed

pol ycrystalline silicon |ayer 113 becones approxinately [err] per square.
The secdnd ceunrfetes ofybheoSisectratmpatectQst andi the2M-typd wakild ayer 113
I's selectively renoved by the photoetching process in order to put it into

a predeterni 10@ arecthennadd ywoxi zsdpewhanabyi $heasesiond 8atei gure 27,
the | insulating film 109'being approximately 530 X thick
is formed in the surfaces. Accordingly, the seéond
gate insulating film 109 is made of SiOZ. Simultaneously
10 with’ﬁhe formation of the second gate insulating film
U or second gate Si0, film 109, the surfaces of the

o electrodes 108 made of the first polycrystalline silicon

are oxidized and are formed with 8102 films 110 being

o _ :
approximately 2,200 A thick. The Sio, film 110 serves

2
15 for the inter-layer insulation between the electrode
108 and an electrode made of secoﬂd polycrystalline

silicon to be described later.

As shown in Figure 25, in order to control the
. threshold voltagé of the N;MOS,Ha P-type impurity
20  is introduced into that part of the surf#ce of the
Si substrate-101 in.which the N-MOS is to be formed,
by the ion iﬁplantatiqn.procegs ahd by employing a
photoresist film 104 over the surfaces of the N-type

wells as a mask.for the ion implantation. Boron, for example,



'qyﬁrd lines [err] and [err], and control signal lines [err] and [err] shown

NV Figure 9D. Further, the exposed second gate [err] film 109 is renoved to-,

* expose the surfaces of the 5 . Si substrate 101 and the N-type well)s
100. In order to prevent the contané ation of surface parts in which the
source regions and drain regions of°Thé MOSFETs are to be forned, the
exposed surfaces of the Si substrate 101 and the N-type wells 100 are 0 10
formed with an SiQ2 film 115 being 100 A thick by the thernmal oxidation
f her edfs amseid lagstihe cB-typhi dmpardgy.Si it thmepneferapidie t he formati on of
the [err] film2115, the surfaces of the word lines [err] dumry word |ines
[err] et [ther impbamtetiengenergy is 30 | ke¥sanpethptafe err], and the
gate el ectrodes of the conplemgnitary FEs as are nmade of the second
pol ycrdeseaofi dong (1goh-ar & 3% di APMIM@M the result that the surfaces are
formed with an [err]-film 116 bei ng about 300 [err] thick as.shown in
Figure 28. 20 “In order to formthe source and drain regi ons of
the NN-MOS i,n the selected partg of the Si,sufstrate 10 as illustrated in
Fi gure 29, & 88£00 o?°?§ﬁ°f‘p'ﬂﬁl j’l‘?tyﬂzi o"rﬂ;e’:sgP?rWB P& :t]hefi Im 119 is forned

'8” tNRalS1le RErtld S d80ne resultant Si substrate 101 in

piotoetched silicon layer 113 forns the word lines  -65- [err], dummy

order to use it as the gate electrodes of all the
MOSFET_s and the wirin-g' layers.
As shown in F_'iéwce 26, a polycerystalline silicon layer
is formed on the entire surface of the |
10 Si substrate 101 as the second conductor layer 113 . o
by the CVD process. The thickness of the polycrystalline
-silicon layer 113 iﬁ approximately 3,500 X. Su‘qsequently,
in ozfder to lower the resistance of the polycrystalline
silicon layer 113, an N-type impurity, e. g., phosphorus
15 is introduced inté this polycrystalline silicon layer
by the iiiffusioﬁ process. As a result, the sheet
resistance of the polycrystalline silicon layer 113

becomes approximately 10Q per square.

The second conductor layer or second polycrystalline
20 silicon layer. 113 is s_eiectively removed by the photoetching
process in order to put it into a predetermined electrode
/ .

or wiring shape. That is, as shown in Figure 27, the

photoetched silicon layer 113 forms the word lines



- 66- wher eupon an 'N-type irrpurity., e. g., arsenic is introduced into the Si

substrate 101 through those areas of the SiQ2 film 115 which are not
covered with the CVD [err] film 119. As a process for introducing the
N-t ype 5 impurity, the ion inplantation is favorable. By way of
exanple, arsenic ions are inplanted into the Si substrate 101 at an

I npl antati on energy of 80 keV. The dose & +he ions at this time is 1 X
[err] atons/[err] By subsequently perform ng a heat treat rrent t he

i on-inplanted 10 arsenic urit u ed to t f usi on, -and N
-type senic tﬁrwpqglscné"i%a{’m‘ygzi E\?J ﬁ%‘}laq ¥ nep® depth are
formed. These Jerr pe .sem.c ducto g d,121 formthe
sour ce and fop P 515@’5@[ 'r\ef)r&dc § rb?n% R xémgndral n

aei Mt rac B, tﬁ?gurﬁ#ﬂ‘ef w6 BRbEREY st 88 3105 b ST

Lm 19 [ 060608 of Hantidd 6o o xbbS el 42 e&w t@&tf&eéu@ftfﬁee 101_except

the N-type

0, "wher eupon a boron is 20

i ngroduced gy BBE %W%M? £1he oxal ,{arlrg {dém 115 overlying the

antatron“process. By way of exanple, boron

N-ypevvellsl eioninp
lons are inplanted into the Ntype wells at an inplantation energy of 80
keV. The dose of the ions at this tine 15 2

In order to prevent the contaminatlon.of surface
parts in which the source regions and drain regions
of the HbSFETs are to be formed, the exposed surfface's
" of the Si substrate 101 and thé N'-';l:ype wells 100 are
10%_  formed with an 510, film 115 being 100 & thick by
the thermal oxidation thereof as jllustrated in Figure' 28.
Sumltaneously with the formation of the SiO2 film |

115, . the surfaces of the word lines WL

1=-1 = 1-6’
dummy word 11nes DWL1 , and DWL1_2, control signal
15 lines ¢dc-L1 and ¢dc-L2; and the gate electrodes of

" the complemen_tary MOSFETs as are made of the second
polycrystalline silicon are oxidized, with the result
that the surfaces are formed with an Si0, film 116

2
being about 300 'y 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 Si0, film 119 is formed on the N-type wells 100,



H

\eat ment, the ion-inplanted boron inpurity is subjected to outdiffusion,

d P -type sem conductor regions 122 - 127 having a predeterm ned depth
are formed. 5 These [err]l-ggpge sem conductor regions 122 - 12 _form
the source and drain regions. The reason why the sources and drains of the
P-MOS are fornmed after the sources and drains of the N-type M SFETs is that

the heat, treat ment is 10 - carried gut onl t t th
bor on 1 PRI GIGR. RGN TETEe APV Ber c€s oy s AreBmiden Soriratodad "

;é???ié%ﬁﬁﬁﬁ*%’e L huBabritie; ROh AR éﬁéﬁ%ﬁ*%{eo%% R 0
. 0% o *8 e Londd B
hol e | 5892 (6 F18 #ﬁ%kﬁe ars Wit ouftedr “ERy e (VR 57920 Eg”lt !

_ TH _ o -
corr cepont TH nfEoR, BEP AL Jor? HELRERs 10 Sy WHORFE T o “rie
o yoryS R, (PRe CEB Ane B A ELeR 18 FRTRS RN PO (o mea

of example, arsenic ions are implanted into the Si

ﬁ . is 3 x [err] atons/[err]. -67- By subsequently perform ng a heat
&U
C‘

substrate 101 at an implantation energy of 80 keV.

16 2

The dose of the ions at this time is 1 x 107° atoms/cm®.
By subsequently performi-n_g ‘a heat treatment, the ion-implanted
10 arsenic impurity is sub-jetl_:ted to outdiffusioh, and
N+-type semiconductor regions 120 and 121 having a
predetermined depth are formed. These N""-type semiconductor
regions 120 a.nd 121 form the source and drain regio-ns-.
Next, in ordgr to form the source and drain regions
15 of the P-MOS in the selected parts of the N-type wells
100, as illustrated in Figure %30, a mask for ion implahtation,
‘e. g., CVD Si0, film 119 is formed on the surface of
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 wells through the sio,
film 115 over_ly.ing_ :hhe N-type wells 100 by the ion
_implantation process. By wa:.y of example, boron ions
are ix;iplanted into the N-type wells at an implantation
energy of 80 keV. The dose of the ions at this time

25 is 3 x 1015 atoms/cmz.



is as follows. As stated before, the thickness of -68- the [err] film
110 forned in the surface of the first 0 polycrystalline silicon |ayer 108
is 3000A. On the other hand, the.thickness of the SiQ film 115 fornmed in
the surfaces of the Si substrate 101 and the N-type 5 well's 100 is 100
[err].  Accordingly, when these SiQ2 filns 110 and 115 are etched at the
same time, there is the fear that theJ@gpl.film11l5 will be overetched
before the first polycrystalline silicon film 108 is conpletely exposed. 10

In order to prevegt shbseqle®tiafbetiérnongaal healte tFddtimarnt f othed

I ndependent|ly as stated above. Contact holes for the connections between
the source dpas-dimplanted boroandriperibyr flscaubjeoted axerowtdi fHuskon) n
the Si2 film115. That is, using a 15 “predeterm ned mask, contact hol es .
CH102 - CHl@hdaPE-typeedead comiucior Frggion3? 122 t-hel ZkIating et chi ng of
the Sio2 film 115. Although the.mask has-an opening also in its part

corr espondi agpredehermintedc deptite @r& 0formed.20 overetch of the Si Q2
film 110 in the contact ,hole CE101 is not problematic in actuality. The
contad?  hol e CH1Oheser Pesitomes semicenduntast regiormeH1122 i tRfe 9A

form the source and drain regions.
The reason why the sources and drains of the
P-MOS are formed after the sources and drains of the
N-type MISFETs is that éﬁe heat treatment step is
10 carried out only once so as to preveﬁt the boron from

diffusing more than is nécessary.

A contact hole for the connecfion between the
first conductor layer or first polyerystalline silicon
layer 108.énd a thﬁrd conductor layer to be stated

15  later is formed in the Si0, £ilm 110. That is, as

shown in Figure 31, a contact hole CH16 is formed

1
in the selected part of the 3102 film 110 by employing
a photoresist film (not shown) as a mask. This contact
hole CH,,, corresfonds to the contact hole CH, shown
20  in Figure 9A.
The reason why only thé contact hoie CH101 for
the connection between the first polycrystailine silicon
layer 108 and the third conductor iayer is formed

is as follows. As stated before, the thickness of



N’}
-vsu
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-69- An inter-layer insulating filmis formed on the whol e surface of the

|tant Si substrate 101. That is, as illustrated in Figur
r-layer insulating film 118, for exanple, phosphosilicat

e 33, an
e glass (P5G

filmbeing approximately 8,000 [err] thick is fornmed on the entire sugface

of t

he Si substrate 101. This PSG film 118 serves also as a

getter for

sodi umions which affect the charecb8ri#stics of the MOS. Contact holes are
formed in the PSG film 118 19 for the connections betwee

poly
sour
34,

CH10
CH10
t he
heat
it.
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I'taneously with the formation t'he cont act
films 110 and 115 are etched at the same time, there

is the fear that the-3102 film 115 will be overetched
before the first polycrystalline silicon film 108
is-completely exposed. .

In order to prevent this drawback, fhe contact

hole CH101 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 Sio2 film 115. That is, using a
predetermined mask, contact holes CH102 - CH107 are
formed as shown in Figure 32 by the selective etching

of the 8io, film 115.

2
Although the mask has an opening also in its
part qorrespondiﬂg to the contact hole CH101, the
overetch of the Si0, film 110 in the contact hole
CH1°1 is not problematic in-actuality.
The contact hole GH102 éorresponds to the contact

hole CH1 in Figure SA.

es2into the PSG



-70- film 118. However, while the contact holes in the [err] film 115 are f)‘
being. fermed, the PSG film 118 is also etched. In other words, the overetc (%)

of PSG film 118 occurs. In order to prevent the overetch, accordingly,

i't is favorable that the formation of the contact holes into the PSG film

118ﬁ3ﬁﬂ'the formati on of the contact-h@@es-into the Si2 film 115 are

sepdrately executed as described above. In order to formthe power supply

line [err] and 10 the data lines [err] and [err] shown in Figure 9A the

third conduct oraAn alseterelager dnsmlmtbimg afikmbisnformedoon &he| thick is

first formed on the whole surface of the resultant Si substrate 101.

Subsequent Wjol¢ htvwrPhcei of uthay eesivd teeite 33 veuhstreked 109 -f oTaats a

power supply line [err], a data |line DL1 1 and a wiring -layer 127 as

i | | ustrat eilsj nasi flies 8Bateein Rigure Bcraneinbtnn-doyer dnsad edd®ee has

the follow ng effects: (a) Since a plurality of N-type well regions fornmed

20 by aﬁilnem&;:afoprguwvl&rsemosqﬁ'ml{i]catﬁ’-s g8ssdRSGhduct or

substg ate and P-channel M SFETs serving asgnenpry cells and a pair of

P- chanhnel £ Mi%cenpréﬁéﬂ'@éﬁ}k@s&%al T'IP-FE* aBe TOEMAR AT t he

Son oot %tne entirkourface or 'tht %L sivstrate Yoi% ' mify on are fmmne
PSG film 118 serves also as a getter for sodium ions

which affect the characteristics of the MOS.

Contact holes are formed in the PSG film 118
10 for thc connections between the second polycrystalline
siliconllayer and the third conductor layer and betweeﬁ
the source and'drain regions and the third conductor
layer. ' .
As shown in Figure 34, the PSG film 118 is selectively
15 etched to form contact holes CH101 - CH1O7. A mcsk
vwhich i3 used in forming these contact-holes CHypq - CH107
is the same as the mask used for forming the contact
holes CH101'- CH1O% in the contact hole forming step
(2). Subsequently, the PSG film 118 is heat-treated’ |
20 at a temperatufc of-about 1,000 °C in order to flatten it.
It is al3o possible that the formation of the
contact holes into thc.SiOz.film 115 explained in
the contact hole forming step (2) is échieved simultaneously

with the formation of the contact holes into the PSG
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[err]-particles and the sense anplifier which is or high speed and

e are sinultaneously obtained. Merely by constructing the nenory cell
e P-MOS and varying a word voltage within a range between 5 a

r source voltage [err] and (Vcc - IVthpl ), the selection of N
information "1" or "0" is permtted so that a memory capable of operating
at high speed is obtained. (b) &1 1l (ge‘a conpl enentary sense anplifier is
connected 10 to folded data lines, an areal margin in layout as is

packahiRg! finsi Bo pEebiory t“*‘é?%“c%’%f%f%%%ﬁsgngq %1 echat g\ ng fol ded
"o 5100 Tk, 11 BchFYl Band: e*aehat Engh285E o P%Lfin'{ al of a data

-'viﬁeaf?%?%%%*%%@i”r g %&eﬂp‘“@&% then e =F At S ?S’*ﬁ? hi ah Speed and | ow
power, 'éﬁx&)aﬂﬁnﬂbé&%t 2 - offer to prkVeAllitHhydhgrgouPl i ng nol se of

a word l'ine and t ata |li'he arecance because us and M nus noi se

develgihd diddiey] 04 #04 s0ald di diPe I ABEC LhEC lPbralatildiflor StiEe the data | ine

S pre arged as Its re ence potential to't potential 1 nternmediate 25
bet wegptdd¥ nEDESSinto "%'?ﬂe "B8Gof11A©19B"ehY 48l ‘formation
of the contact holes into the SiO2 film 115 are separately

executed as described above.

In order to form the power supply line VSS

shown <

-L and

the date lines DL ’ DL s DL and DL

. 1-1 1-1 1-2 1-2
in Pigure 9A, the third conductor layer, e. g., aluminium
layer being 12,000 X thicl; is first formed on the whole
surface of the resultant Si substrate 101. Subsequently,
this aluminiumlayer is selectively etched to form

a povwer supply line V

ggLs 2 data line DL and a

1-1
wiring layer 127 as illustrated in Figure 35.

'The D-RAM as described and constructed -
above has the following effects: . -
(a) Since a plur;.lity of N-type well regions formed
by an identiqai pro.c'ess are disposed in a P-type semiconductor
substrate and P-channel MIS.FE'I's serving as memory cells
and 8 pair of P-channel FETs of a 'complementary sense
u;_:lifier are formed in the surfaces of the respective

vell regions, the memory cells which are immune against

®



-72- a dummy cell can be dispensed with and a nenory of snall chip area is ,
obt ai ned.” (d) Since the start-ing tines of the positive feedback operation -
of the P-channel FET pair of a sense anplifier and 5 the positive :

f eedhack’ operation of the N-channel FEI -p@ir_ t hereof are nmde different,

any t'hough current does not flow and a nmenory of |ow power dissipation 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 IE@%QHHMEQ' Al AU $érsbCanBRAFAedd wHilch P & Qupglel

P-channel F and the group of N-channel FETs, and hence, an efficient

packagi ng i ssRaTehBedtable ardfdimIEentouday GMtuing®s are forned of

Al, the wiring resistance is very |ow and an operation of high reliability

is permitted. (#brSlfcoyredhdtdecithl thei memody fowll nef mwery cells

thereinh is made of an epitaxial |ayer, a uniform 20 wel | of desired

i mpurity corp-Mosr ahdornarerine obierdedolThgeetdthirn ¢ hrasdel detweenge can

be confrolled and a junction capacitance can be made | ower than in case of

di ffusfon, sopokar somevs waltagehVgspeedd Vi ta\-i-nEti(b vrna)adﬂhei on, the
surface inmpurity concentration of 25 the we made | ower than in

the case of skleetidponof information "1" or "0"™ is permitted, :

so that a memory capable of operating at high speed
is obtained.

(b) Since a coimplementary sense amplifier is connected

10 to folded data lines, an areal margin in iayout as
Vet is approximately double that in the prior art appears,

and hence, a high packaging density becomes possible.
(c) Since méans for precharging folded data lines
to a potential intermediate between the logics "1v

15 end 0" of & memory cell is con;prised, the change
of the potential of a data line équal to half of the
potential difference between the logics "1" and "O"
detémines a read-out time, and hence, a memory of
high speed and low power dissipation is obtained.

20 In ad-dition, .the'coupling noise of a word line
and the data ;I.:‘&xe ai-_ecanceiied because plus and.llminus
noise develop” in the foided data lines resﬁectively.

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

25 between the logics "1" and "0" of the memory cell,
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-73 so that a nenory of great breakdown voltage is obtained. (h) since a

+
N

ity of NNtype well regions are formed with-we'l’l biasing wirings in
el with data lines, well voltages beconme substantially unlforn1and
resi stances can be made low, so that a menory which is little

|nfluenced by noi se is obtained= ¥YB) -when the DDRAMis |laid out so as
Isolate a well region for formng nenory cells therein and a wel region for
formng a sense anplifier therein, 10 noi se havi ng devel oped in the

f h | u t ry cell nd hence, an
zggfgt %ﬁmih'cﬁ h%\ég‘l i aﬁ)l‘{'jﬁ ee‘gggGﬁg@tgb %ym%‘?%it?gn is drawn to

on, No. 82.1Q824 Lal. No. 2,098,396) from which the present 15
FE&## ghﬁﬁsasggnlﬁ\ﬂéﬁﬁgn?ﬂ *which there is clained in claim1l a

| §8raEhse, PRk ‘r%a%é"%ié‘?ét*ﬁ" sb§?°r 3 O Py ERRRRER, bBEHEIBE wni cn

has gp #ﬁa%_eﬁsn%p' 05 20¢ g0l %é@%@ﬂ?fﬂ%ﬁ gity type: (b) an

array o

menory cel are I'n sa regron, said each cel

5 of sghd ﬁgmmcw@m& NMerbeidhs b tHe NSt ddrséa CRRFUC I Vity type and

10

15

N
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a capaci

pair thereof are made different, any through'current

does not flow and a memory of low power dissipation

is obtaingd.

(e) Since the P-channel FET pair and N-channel FET

pair of a complementary sense amplifier are arranged

at both the ends of & memory array, the layout within .
a chip can be separated into the group of P-channel

FETs and the group of N-channel FETs, and hence,:an
efficient packag1qg is permltteq.

(£) Since folded data lines are formed of Al, the

wiring resistance is very low and an operation of

high reliability is permitted.

(2 Since an N-type well regioh for forming memory

cells therein is made of an epitaxial layer, a uniform
well of desired impurity concentration can be obtained.
Therefore, a thfeshéld voltage can be controlled and

a2 junction capacitance can ﬂe made lower than in case

of diffusion, so that a memory of high speed is obtained.
In addition, the surface impurity concentration of

the well can be méde lower than in the case of diffusion,

k



each. of which is electritcally connected to selected ones of said nenory
cel1sof said array; 5 (d) a plurality of.word |ines which \_
éxtend over said well region, and each of which is electrically connected
{b_dﬁ?ﬁé of the. MOS transistors of sel ect@8~ones of said menory cells of
said array; and 10 (e) a plurality of sense anplifiers each of

which is C°”p'e@m§%p§5P@'héHofV“§§*§¥$§?e§£§§kéa*9-Q@i@aéénfg;05?5@“@aqh

sense anplifier Inc ng a pair transistors of the first

conductivity type Wu;eRLare Jy it SPenLElber €81 PNrofibAs aeEORBrAea
conductivity tygg )f orlrm(?aian FIsg'l{ ser#ca(;nd.uct%ir)ésubst'rgt gl .and a pai f of
second MOS trangjisPhe10f Bis SR§ APt LRGEULH | paky1l¥pewiBhchagaelliaesgd in
sai d sem conductor substrate; said pair of first MOS transistors having
their respectivegelal &1l BeSomeé 0ssbstant£dlly dfiformaahdowkad and
having said respective drains electrically connected to said pair of data
lines; saigl pai rredfistanmyes M#h thensadé olowhasonghahear memopycwhighgat es
and. drains cross-coupled to each other and having said respective .drains
el ectrically cornsedisrtle isaftu@iced bwi nobfedisaobtadped. '

~73: (c) a plurality of data |ines which extend over said well region, awﬁjizp
10

(i) when the D-RAM is laid out so as to isoiaté a
well regién for'forﬁing membry cells therein and a
wel region for forming a sense amplifier therein,
16 noise having developed in the sense amplifier-have
no influence on the mémory cells, and hence, an operation
1;/ ~ of high reliability becomes possible. ..
Attention is drawn to Application No.'82.10824
(Serial No. 2,098,396) from which the present
15 Application has been divided, in which there is claimed
in claim 1 a semiconductor memory formed in a semi-
conductor_ihtegrated circuit including:
(&) a semiconductor substrate of a first
conductivity type which has at least one.well regibn
20 of a second conducfivity type;
(b) an array of memory cells which are formed
in said well region, said each cell of said array
including a MOS transistbr of the first conductivity

" type and a capacitor;
!



~ f4; CLAI M5 1. A dynam c type semi conductor nenory including: (a) a
piyral ity of pairs of data lines to which nenory:cell’s are connected; (b)
ferential anplifiers each of which 5 anplifies a difference. bétween .

'gnal magni tudes appearing on each corresponding pair of data |lines; \said
each differential anplifier includimd3a@ pair of P-channel MOSFETs which
have their drains and-gates_cross-coupled to_each other and which have.10
the drains connected ®b 3 nRLeER I 2EB0REI AGtRalinge HRLSH ierd&N%especti vely,
a pair of N channe) NC§EETS whi ch hage their dr%Lnﬁnand ates.crqﬁ§-
coupl ed to VEh IR Wehh TRILANhaFRI RECHr REn¥NEGNE S &F ST iR L LY
correspondin air of data. lipeg .15 respectivel a a circuit which
control s po%‘?q'frf)%t? e%a%%l%ﬁg? PBRE . Bf 535‘% Wﬁgﬁé" ﬁzﬁrﬁss 0(qflc) a plurality
of-word i . eac .Which is arranged in a manner to intersect with both
of the paigﬁé¥§§%€%£§fnes; and 20 (d) a precharging circuit
whi cla sets said resp i LLS. t lan ent.j i nternmedi ate
bet V\Een two potenti aﬁg} r%S?g‘g%%?é??vgfogogpng%@ssi g’rl?%%;h {étéh%'jendst ored-in

sai d Memorio et | $aidHOTE £8§i8RT hhdcehRRUIBECKNARY 3ld Mty

started.
connected to gates of the MOS transistors of selected

ones of said memory cells of said array;
and |

10 (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 S
a pair of first MOS transistors of the first conductivity
type which are formgd in one well-region of the second

15 conductivity type formed in said semicgnductor 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 having
their respective gates and drains cross-coupled to

20 each other and having said respective drains electrically
connected to said pair of daﬁa lines; said pair of
second MOS transistors having their respective gates
and drains cross-coupled to each other and having
said respective drains électricaily connected to said

25 pair of data lines. :



7.
control
EET pair

t| m. ngs, are applied to the p03|t|ve f eedback operatlon ﬂ"]”lmi’ cui

I

A dynam c type sem conduct or

signals with which the positive feedback oper

| \
i i ' aﬁhﬂ+4¢\Lmi$;%222!!!Eb ‘
and that of the N-channel FET pair are started 5 at di .
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CLAIMS.

(a) a plurality of pairs of data lines to
which memory cells are connected;

(b) differential amplifiers each of which
amplifies a difference between signal magnitudes
appearing on each corresponding pair of data lines;
said each differential amplifier including a pair-
of P-channel MOSFETs which have their drains and
gates cross-ceupled to each other and which have
the drains connected to the corresponding pair of
data linee respectively, a pair of N-channel
MOSFETs which have their drains and gates cross-
coupled to each other and which have the drains
connected to the corresponding pair of data lines
respectiVely, and a circuit which controls positive
feedback operations of both MOSFET pairs;

(c) a plurality of . word lines each of

which is arranged in a manner to intersect with

both of the pair of data lines; and

(d) a precharging circuit which sets

‘said respective pairs of data lines at a potential

intermediate between two potentials representative
of binary signals to be stored in said memory
cells, before the positive feedback operations are

started.

I

1. A dynamic type semiconductor memory including:

menory according to claiml, wherei



. .;\ —
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according to claim 1, wherein control signals with
which the positive feedback operation of the P-channel
FET pair and that of the N-channel FET pair are started
at different timings are applied to the positive

feedback operation-control circuit.




