2123587 "A SEM CONDUCTOR ROM'. The present invention relates to a

sem conduct-or ROM

(read only nenory). A known circuit is designed to

correct ‘erroheous ‘data.read out froma defective menory 5 cell, by the

use of, e.g. the Hamming code or the cyclic code (hereinbelow ter

(error correcting

buil ding the ECC circuit in a sem conductor ROMto 10 the end of
correcting erroneous data read out froma defective nenory cell int

sem conduct or ROM
sengconduct or ROM

code) circuit"). W have investigated the possibgff

However, when the ECC circuit is provided within the -
the error correcting operation renders the read-out

access tine of the ROM Il ong 15 and the operating speed -thereof nuch
| ower. Mbreover, a nmenory array mnmust be provided with nmenory cells for
redundant bits, and the arrangenent of the ECC circuit is conplicated,
resulting in the disadvantage that the chip size of the sem conductor 20

ROM becones | ar ge.

-2- It is an object of thke present invention to

provi de a sem conductor ROM which is provided with an error correcting
function without affecting the enhancenent in the operating speed of the

ROM on account

"A SEMICONDUCTOR ROM".

The present invention relates to a

semiconductor ROM (read only memory).

\\;
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A known circuit is designed to correct
erroneous data read out from a defective memory
cell, by the use of, e.g. the'Hamming code or the
cyclic code (hereinbelow, termed "ECC (error correcting
code) circuit").

We have investigated the possibility of -
building the ECC circuit in a semiconductor ROM to
the end of correcting erroneous data read out from
a defective memory cell in the semiconductor ROM.
However, when the ECC circuip is provided within
the semiconductor ROM, the error correcting operation
renders the read-out access time of the ROM long
and the operating speed ‘thereof much lower.
Moreover, a.memory array must be provided with
memory cells for redundant bits, and the arrangement
of the ECC circuit is complicated, resulting in the
disadvantage that the chip size of the semiconductor

ROM becomes large.
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5 of the delay in the read-out access thereof. Another object is to provide
a sem conductor ROM which is furnished with an error correcting function

wi t hout increasing the size of the chip.-W have taken note of "the fact *
th troneous 10 data read out froma defective nmenory cell in a ROM nmay
be x ected nerely by inverting the datg._ According to the present

I nv ion there is provided a senmiconductor ROMincluding: (a) a srenory
array which includes a plurality 15 of nmenory cells; (b) a selection :
circuit which selects dife i aheohisnat yokethe presepomeentiomma address

signals; (c) a detection circuit which is capable of detectin N7
pr edet er ni nePXIHSh R i ARLINGYEEH RAM Ihkehiries PEIYIRSS ‘*&ﬁ'gl @ovi di n%

() “an out puiHASR FUTAHTRE LB THOMG A EREH AR AL Trom sai o
ai d 4 gna” AHanbErhe Fiol s SRR Rded P T AT gl
o Penon ST SR e St Mg Bl = 00 evel nol
a detection signal is pfssd ggj:g@§a_{§l @@'tﬁ@é‘}ﬁb G r&dthiconifddy any
erroneous data read out fronla, : _
ROM which is furnished with an error correcting function
without increasing the size of the chip.
We have taken note of the fact that erroneous &‘/'
10 data read out from a defective meémory cell in a ROM
may be corrected merely by invertinglthe data.
According to the present invention there is
‘provided a semiconductor ROM including:
(a) a memory array which includes a plurality
15 of memory cells;
(b) a selection circuit which selects one of
~ the memory cells in fesPdnSe to input address signals;
(c) a detection circuit which is capable of NG
detecting predetermined combinations of the ihput
20 address signals and providing a detection signal to
| identify a defective memory cell in the memory array;
(d) an output circuit which receives a one bit
signal read out from said memory array and which delivers
a signal of a logic level corresponding to said signal
25 read out from said memory portion when no detection
signal is provided from said detection circuit, and a

signal of a logic level not corresponding to said_signal



defective nmenory cell is inverted on the basis of 5 detecting signal to
provide a eorrected output signal. Thus, with the above constructio gpe

address®information of .a defective menmory cell is stored within a gL
sem conductor ROM in advance. In parallel with the information rea
operation of the defective nmenory 10 cell, the address information thereof

i s distinguished as the address infornmat+od of the defective nenory cell.
As a result, a correcting signal is forned. Erroneous data read out from

t he defectlve nehead eet|fromi sakdimemonyt perbionswbént aedebectionng

Si ar, wher eupon the 15 corrected data is transmtted out of the ROM The
def €€ti ve nenoryStenpal| ksaP¥?Yb@?@df¥%mtﬁélﬁnﬁéFFQE%POnCBFCFK}ﬁprodUC|ng
technol ogy as stated bel ow. hotoresist filmwhich is used for e.g

sel ectively inplanting |nﬁﬁ??f Ydﬁ%ylﬁf5°ﬁe?BSs€ﬂFEoﬁG%€t%PtsGB%@r%te or

ey (o AR DL, SRR PR e T
R R A e AN i e
film having ?UCh defeCtS 'théedw1£Heth8DHBb&¥ b89§t£@8@9&n tﬁépéé@%
into the 4- desired surface of the sem conductor substrate ey are
i npl anted into thefonfecicsdos s f@éLeébEvE0hemory cell is stored within
a semiconductor ROM in advance. In parallel with the
\\j information read-out operation of the defective memory
10 cell, the address information thereof is distinguished
as the.address information of the defective mémory cell.
~As a result, a correcting.signal is formed. Erroneous
data read out from the defective memory cell is inverted
on the basis of the correcting signal, whereupon the
15 corrected data is transmitted out of the ROM.
~ The defective memory cell is attributed
to ﬁhe inperfection of ROM producing technology as
Y, stated below. A photoresist film which is used for
e.g. selectively implanting impurity ions into a
20 semiconductor substrate or se}ectively etchiﬁg an
insulating film or conductor layer is not removed
agreeably to a desired pattern or comes to have
undesiredlpinholes in many cases bécause of defects,
motes or dust, which exist in or on a mask for
25 selecﬁively exposing the photoresist film to light.
When the photoresist film having such defects is used,

the impurity ions cannot be implanted into the



Further, the insulating filmor .conductor |ayer is not processed into the

pattern as desired. The 5 insulating film such as siljcan oxide film
whi ch i-s ‘deposited on a seniconductor substrate, often.has undesired uneven
parts to notes or dust. The conductor |ayer such as evaporated

al um n{\\)fil mbecones thinin its part corresponding to the step part 10
of an I rlying surface on which it is to be deposited, because of the

directivity of evaporation, with the regsylt that .the thin part is liable to
di sconnection. Wth the above constructional features, 15 not only such
defective nmenory cells ascribable to the inperfection of the ROM produchf

t echnol ogy, bubesipednBiPficecbFsthe skaiednBatewrasavdepaed,dspective
menory cells. In the case where, after the conpletion 20 of the desi gn of

a ROM it is dereyedreoimpdageednintonthenundebéredt sunedcbytreneofienory
cells, these nenory cells do not deliver output information to be expected
and can be regl@ndétbens tibeethsudaténgr fitaml bg. cRBductor layer is
Accordingly, it is to be understood that the "defective nenory cell™
signifies a nengtypreresepdchntioeshaopagtevndest Hesésedect &heput
I nformati gn. The present_.invention will now be described in greater
detai| bydway dpsukarpne (iiR.r8peheASeSidicon oxide film, which is
deposited on a Semiconductob substrate, often has
undesired uneven parts'due'td'métés or ddst. The g;/
con@uctor layer such as-evapdrated'alumihium film
becomes thin in its part cobresponding to the step part

10 of an underlying surface on which it is to be
deposited, becauée of'the'directivity of evaporation,
with the result;that the thin paft'is liable to
disconnection. '

With the above constructional features,

15 not only such defective memohy cells ascribable to
the'impérfection of the ROM producing technology, -
but also memory cells as stated below;are deemed | "
defective memory ceils.

_ In the case wheré; after the completiod

20 of the design of a ROM, it is desired té.change
information to be retained by some memory ce1ls,
these memory cells do not deliver output information
to be expected and can be regarded as defective

" memory cells.

25 Accordingly, it is to be understood that

the "defective memory cell" signifies a mémory cell

which does not provide the correct output information.



t he acconpanying drawi ngs, wherein:- Figure 1 is a block circuit diagram of
a5 preferred formof a sem conductor ROM Figure 2 is a circuit diagram
skhowi ng-an esséntfal portion of the seniconductor ROM shown in Figur R?ﬁ
and Figure'3 is a circuit diagramshow ng 10 an exanpl e of a nenor ‘”ay
of the sem conductor ROM Referring first to Figure 1, it should be noted
that although not especially restricted_thereto, circuit blocks enclosed
with a two-dot chain line are forned 6n5a'single sem conduct or substrate by
a 15 known sem conductor | C technirque. The sem conductor ROM i ncl udes a

meno™y array 1, in which nepq&€£§yés§ngpga%%thbagwaﬁngw% RS g els¥kpg nEPM
a matri X.-. e

are™sfranged in the shape o nenory array I's shown in

greater detail in i20 opcitQN QGetaiReh§ walyn@t @xEmpilee wdtnl M lepepRet ibve
menory cells are formed at the interSection points between word lines [err]

to be selected by tme % yihgdlatahasl, waerledn:]- to be selected by 25
a Y decoder 4. Menory FETs are connected to the respective

i ntersection points between tHigumer d liisnas bdrd kt lod rdaid Idiagram ofaah of
the menory MOSFETSs has a threshol d vol tage which corresponds to an
i nformation t5 be pretfairmedl fdror ofx anslesiciondacior GOM;
Figure 2 is a circuit diagram showing an
essential pdrtion of the semiconductor ROM shown in
\\; ~Figure 1; and
Figure 3 is a circuit diagram showing
10 an example of a :memory array;of the semiconductor ROM.
| Referring first to Figure 1, it should be
noted that although not especially restricted thereto,
circuit blocks encloséd_with a two-dot chain line
are formed on a single semiconductor substrate by a
15 known semiconductor IC technique.
The semiconductor ROM includes a memory -
s array 1, in which memory cells constitﬁfing-a known
~ mask type ROM are arranged in the shape of a matrix.
The memory array 1 is shown in greater detail in‘
20 © Figure 3.
Referting to Figure 3, the respective
.memory cells are formed at the intersection points
between word lines W, - W, to be selected by an X
decoder 3 and data lines D1 - D4 to be selected by
25 a Y decoder 4. Memory MOSFETs are connected to

the respective intersection points between the word

lines and the data lines. Each of the medory MOSFETs



"1" is brought into correspondence with a | ow threshold voltage, and

I nformation "0" with a high threshold 5 voltage. In Figure 3, f-or the
sake o arity there are omtted those nenory MOSFETSs. of the menory ° *
MOSFE \ Cognnected to the intersection points between the word |ines and the
data | i\io which have the hi gh threshaold vol tage, nanely, which.maintain
their "off" states 10 even when the rd lines have been selected. In
this manner, the wite-down of the information into each nenory cell is -
execut ed depbadi agthpeshehdt Nod tagenwhiche cROEEEPORdsSsos@anti al |y for ned.

MOSFETs [err] are selectively forned, thereby to wite informtion 15 {n
MOSFETs (@1- &pformasirpute B8 sftadnefeheFORhPEAMBLE cIRELPEMBEAORY t he Y

d d oo I itch i ded .i : I

anpl 11 or 5 W nianpeBNEnr 1ARP CPERReBiPdaRCP TR, 8 1PHes PRERRRIE” \oorETs
1- B4 : F ' : In d | h

EﬁspgﬁtisgedgggngggsEgahgggspg%gagégLE$s%gFéegegggbi%§¥§§§ga r LE?S whose

gates ang 80%2%5?@36 &h%&gah.»acgi,g ggr Ra{iAeNQ\%EiélTo@ clE%iEéfo\éhQQQ in order

to | ower the powe i ssipation o hile the chip is not selected,
the MOSFET 2arkebmlitked! thogd membry Mosrers bEethechenerylMOBFEDs! O -7-

fl ow t hrough the | oad MOSFETs can be cut off. A gate input control
pul se [err] toanntbeelOEBEEtheeiniterseictiond pbintspbetecgtnehet abrd (figure
1) to be described _ .
lines and the data lines which have the high threshold
voltage, namelj, which maintain their "off" states QJH
10 even when the word lines have been selected. In this
manner, the wfité-down of the information into each
memory cell is executed dépending upon whether or not
the MOSFET is substantially formed. MOSFETs Q,.-Q,,
are selectively formed, thereby to write information
15 in. ‘MOSFETS 021-024 constitute column switches which
are controlled by the Y decoder 4. The column switéhes
are provided in order to supply a sense amplifier S - .
with any one of.data read out on the data lines C
D,-D,. MOSFETs Q5,-Q,, are load MOSFETs which determine
20 read-out levels for the respective data lines. These
load MOSFETs are depletion-mode MOSFETs whose gates
and sources are short-circuited. A MOSFET Q35 is -
‘provided in order to lower the power dissipation of

the ROM. While the chip is not selected, the MOSFET

25 Q35 is turned "off", whereby ineffective currents to



|later. 5 Referring back to Figure 1, the sem conductor ROM al so
I ncl udes an address buffer 2, which receives external address signal;s>ferr]
applied-to a group of external termnals [err] and forms internal ﬁgﬁéggs
signals [err] of conplenentary |levels. 10 _ The X decoder =
~referred to above forns a one word |line sghect signal in response to the X
address signal fed fromthe address buffer 2. The Y decoder 4 referred to
above forns a one_data line select signal in response to the Y address 15

sigG%! fed from EheWabhFeughphheeload MRBFELASR3nBEsf FRR BErERE(PRY t O

b ' ‘ead- out__si f R ted by _the X
Sﬁﬁmi oS Cand tht FafriBhuf S0akrokoRhiRE Prorpk, B, NOBEEF' G35 s e

T i conduct i . 6 i chaf d
out darn Derr aEGriERrbEra’ PiiHEGeRl:QLEE Ly RE1bEES P1) Thb He BL8ErBnLE"

vpltage [err] isjgppiied across to external termnals [err] and [err] the
termnal [err] being earthed at GND. 25  The pul se generator 7 referred

to above receives a chip epabkershgnpackEtappligadet 0, abhexsemisbnéectonal
T2 to generate pul ses. The operation of the various circuits in the

sem conduct or RORDMr @1soninollbddsbgn5addrbesebpififees2, whichxaepeiyeshe
circuit blocks are
_exterpal address signals Ao—An applied to a group of
e#ternal terminals Ti and fprms internal address signals
\\; ag, 5; - a;, EI_of'complementary levels.

10 The X decoder 3 referred to above forms a
one word line select signal in response to the X address
signal fed from the addre;s buffer 2.

The Y deéoder 4 referred to above forms a
one dafa line select signal in response to the Y address
15 signal fed from the addfess buffer 2.
The sense amélifier_s referred to above receives
a read-out signal from one memory cell selected by -
.k‘ | the X decoder 3 and the Y decoder 4 and decides the
level thereof.

20 _ The semiconductor ROM also includes an output
bﬁffer 6, which forms a read out data Dyyq and delivers
it to an external terminal Tl. A supply voltage ;VCC
is applied across to external'te:minals T4 and T3.
the terminal T3 being earthed at GND..

25



controlled into their operating states only when the chip has been

sel ected. Such a control reduces the anount of power dissipation in the
ROM{ BN -addi tiron, when the chip is not selected, the address buffer 2°10 <
I's by\ojyght into its non-operating state, whereby an address.setting

oper atf on based on indefinite externm_égkkess signal s can be:prevent ed.
Since the circuit blocks 1,2,3,4,5,6 and 7 described above are we]| known
specific exanples 15 wll not be illustrated. In the above descri bed

sem conductor ROM thephl liged genetaiticy I ¢ FePededo Rpdvecelaikeki eve
- defect bits, in other words, td correct erroneous data read out fronmaé,
S

def ective megpichigelehablEhigignialle CEeaippld@d &N @urleXtefalll weiri@halncl u

a defect address nmenory 8 in which the address information of the defective
(non- conf or niMmg komgeneyatel pulses .w Thiee wperd trienaiofe thel vardiouse- down  of
the defect address information is executed by the use of fuse nmeans and
depend upon digcRitsr dpekbe semdlsondictor ROM Brevewntriodleds byas will be
described later. Aterminal t - is a control termnal -9- which:is used
for the ®rit&h@sfnPulsesw i FordeHampd epathee Figiguid ddioakise akEM has been

Rnufact U ed o LIS SR CRMIELAL eer S04 hebare Il et
connect ed t()é%i%g %%g%eg%§%e1ected, Such a control reduces the
amount of power dissipation in the ﬁOM. In addition, L
when the chip is not selected, the address buffer 2 k’/
10 is brought into its'nbn-operating.stéte, whereby an
address setting operation based on indefinite external
address signals can be prevented.
‘Since the circuit blocks '1,2,3,4,5,6 and
7 -described above'are weli known specific examples
15 will not be iilustrated.
In the above described semiconductor ROM,
the following circuits are prOQided in order to relieve e
defeCt bits, in other words, to cbrrect erronéous data \\/
read out from defective memory cells. Thus, the semi-
20 conductor ROM further includes a defect address meméry
8 in which the address information of the defectivé
(non-conforming) memory cells are written and retained.
The write-down of the defect address information is
executed by the.use of fuse means and depend upon the

25 preéence or absence of the blowout thereof, as will

be described later. A terminal t is a control terminal



A comparator 9 is provided to receive the defect address information from
the defect, address nenory 8 and the read-out address information from the
addr ess- buf f er, ‘2 and conpares themso as to detect 10 the coinci dengd . \
thereof. Arn exclusive OR circuit 10 is provided as an error correctiyg-c
circuit and is located between the sense gl ifier 5 and the output buffer
6. One |nput of the exclusive OR circuit 10 15 is supplied with a read- out
signal fromthe g idRIddd Ford thehiwrd tierdotirher Thepwir iftheedaein i s
supplied with the output signal EC of the conparator 9 as an error
corr&cting signals cBrrimd put sifgeal thile ROM dras lsiere nARufiaadinedl0 i s
traffsfitted to. the input 20 of the output buffer 6, and is delivered as the
read-out data [ em |the @emienductorawaterniand beforReddr dishPadk@dese! usi ve

OR circuit 10, ‘when the two |nput signal, | evel s, are n c0|nC|den t he
out put si gnal Ie’\ﬁtq‘-“ﬁ’éélﬂéév jxe e leds %?d\M%rLES aEfput

signal |evels are c0|nC|d the out pu nal Iev "0" Ther ef or e,

mhfn t he ‘errdr e??f“ﬁﬁ* ’ﬁ§¥?ﬁ§¥e \&%ﬂ when the

information is read out dJ Y I of the
gﬁé J 4% B eCaeéo xt%@eufevee

coi nci dence detection out nparator ebrought

to the level 5 gadact Tal}?éréés Wm&ﬁ%rpmﬂ i+ t&ateé@eada\@s of

memory 8 and the read-out address information from

%\; the address buffer 2 and compares them so as to detect
T 10 the coincidence thereof.'
An exclusive OR circuit 10 is provided as
an error correcting code circuit and is locatéd between
the sense amplifier 5 and the output buffer 6.
One input of the eiclusive OR circuit 10
15 is supplied wifh a read-oﬁt signal from the sense
amplifier 5, while the othei input thereof is supplied
~with the output signal EC of the comparator 9 as an 8
error correcting signal; The output signal of the
A exclusive OR circuit 10 is transmitted to the input
20 of the_output'buffer 6, ahd is delivered as the read-out

data D from the external terminal Tl‘

ouT
' Regarding the exclusive OR circuit 10, when
the two input signal levels are non-coincident, the

output signal level becomes "1" and conversely, when

25 the two input.signal levels are coincident, the output

signal level is at "0". Therefore, when the error



the signal ECis "1", if the output signal level of the sense anplifier 5

(read-out output signal

| evel) is "on, the exclusive OR circuit 10. will

out put signal level into "1" and deliver the latter, 10 and if *

i nver hi s _

t he j%g%-out out put signal |evel of the sense anplifier 5jis "1", the
circt 10 will invert this output signal level into "0" and deliver the
| atter. Thus,

the error correction cah®be made. On the ot her hand,

under

the condition that 15 the level of the signal ECis "0", if the output

signal |evel correeeisands perifiormed,5 ifr ekttieruwordispuwhengithle | evel )

"0", the out

"1", 20 the output signal |evel of the exclusive OR circuit 10 will

IS .

put signal |level of the exclusive OR circuit 10 will becone
"0", and if tinformadiomt isumead ougnirometble defecsiyenvemomy iceildr 5

o

becone

"“I". That |sthﬁn1?N61c§§et@ﬁbﬂ@lﬁﬁédﬁéﬁéld@ﬁeFﬁé°§|@N§P“ECﬁ¥§n&?'

exclusive OR cir 10 transmts the r ad out %%t%pt itgqal fromthe sense
amplifier 5 €5 @ et FOMPREEAOT @ E? i t S¥edure 2 shows

t he CIrCUIt ahWange nt .of a Ie enha n e_defect address
menory & mBII ﬁﬁé & Qndﬁ§1§ﬁo%§ ttt FP? g@ nt is

constructed
Anong t hese

- and the ot herMO3ERES %H%Fﬂff%&eseﬂQ%BEe@%%toﬁQ%%t 51gna1 level)

10

15

20

25

ié “0“, the exclusive OR circuit 10 will invert this
oﬁtput signal level into “i" and deliver ﬁhe latter,
and if the read-out output signal lgvel of the sense
amplifier 5 is "1", the circuit 10 will invert this

output signal level into "0" énd deliver the latter.
Thus, the error correctidﬁ can be made.

On the other hand, under the condition that
the level of the éignal EC is "04, if the output signal
level of the sense amplifier 5 (fead-out output signal
level) is "0", the output signal level of the exclusive
OR circuit 10 will become "0“,_and if the_:ead—out

output~signa1 level of the sense amplifier 5 is nyw,

the output signal level of the exclusive OR circuit

10 will become "1". That is, in the case where the
level of thé signal Ec.is "o", the exclusive OR circuit
10 transmits the read-oﬁt oufpuf signal from the sense
ampllfler 5 to the output buffer 6 as it is.

Figure 2 shows the clrcult arrangement of

a practicable embodlment of the defect address memory

-~
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Firstly, a circuit [err] enclosed with a two-dot chain line wll be
expl ai ned.. The wite-down of the address information of the defecti
menory cell is 10" executed dependi ng upon the presence or absence

bl owout- of ‘a fuse [err]. The.fuse [err] and MOSFET Q are connected in
series between .the supply vottage Vcc andMarth (GND) of the circuit.
Vet her or not the fuse Lerr Is blown, is determned by the "on"/"off" 15
of the MOSFET (@8 aeﬁw%} e$5t5h§e$%@?¢§%F?rc%ntroI the "on"/"off" of this

MOSFET th d whi ch th t
add!;r(ss[gir(rg]nal T are RN SRR, MERLE Larraitndad T8 dehetNRteY 1Y L he

dra of the T T, s applied
to the gate of tEE %E ﬂégﬁﬁT§C££§%uP£tgg_%rovr%ﬁ%?%; f%F#esrgfor R
in parallel, theg {.gﬁéﬁgérg?va %rng ‘51 glkil yal M@sﬁé'?é es*ég@m@sﬂ{.fag resistor R

S preferabe constructed o resrstance ycrystalline silicon.

The drain ougpth25aﬁa o) e MEFEF £Rel e 1@ﬂ§ahtﬁ@u§ fan®tthe Ot | NVerter
whi ch consi sts of 3 MOSFET [err] and [err? The output of -12- this

i nverter is trandOSFEPS dvetdf théceshancémansimodgate MOSFET [err].

The drain output of the MOSFET 2 is transmtted secondly to the gate of a
transfer gate MOSFET [err]Firsﬁhﬁ NEEEEicu{Ereé emclésed |[whtle zotwecdet! i n
5 series, and the address signals [err] and [err] for conparing
addresses are recheinlLing %bb?rb% %ﬁ?b@gﬁe@hes e write-down of the

- address information of the defective memory cell is
\\/‘ 10 executed depending upon the presence or absence of
the blowout of a fuse Fl' The fuse F1 and MOSFET
Q2 are connected in series between the supply voltage

v and earth (GND) of the circuit. Whether or’not

cc
| the fuse F1 is blown, is determlned by the "on"/"off"
15 of the MOSFET Qz.' In order to selectively control
| the "on"/"off" of this MOSfET Q. there are provided
a MOSFET Q1 which receives the writing address signal .
a, , and the internal terminal t which is connected
/ | to the drain of the MOSFET Q,. The drain output of
20 this MOSFET Ql is applied to the gate of the MOSFET
Q,. The MOSFET'Q2 is nrovided with a resistor R; in
parailel, the resistor heving a high value of resistance.
The resistor R1 is preferably constructed of a high
resistance of polycrystaliine silicon. fhe drain output

25 of the MOSFET Q, is transmitted, firstly to an inverter

which consists of MOSFETs Q3 and Q4. The output of



MOSFETs [err] and [err]. The MOSFETs [err] described above and the
MOSFETs Q7 Q to be described later constitute the conparator 9 which
detgcgs the 10 coincidence of conparison. 'In the case where address *
i nf pT)eti on required for selecting a desired 1-bit nenory .cell are conposed
of (n + 1) bits of fromJ[err] to [err], <circuits [err] to [err]

simlar to the- circuit Q0 15 are respgetively provided for the address
signals [err] (al) to an (an) other than [err], though no speci al
restriction is intended. A fuse [err] is provided in order to wite down

whet her or ' notyniiie jQkepk eOhEEEraRGmiYRCH @0 ithe2@ataddeda trhBEfer oy
specifically, with the address nenory and conparator circuit shown in ’

Figure 2, evergatle MUSFBarQ%cuIamhﬁeﬂvhﬁncehkpM$ mﬂttdefuosFEe,QEheslevel of
the error. correcting signaF EC will be made "1" when the | evel s“of the

addr ess si gnaltragnsmil tede seéondly tthéhfeugatecof] aséransfer gadeent such a
situation arising. The witing_.internal termnal t is connected to the
gate of a MOSMOSFEI2Qyhi chThe MOREETSe@s Aanselgearsi conngetedsdnferr].

The MOSFET [err] is provided with a parall'el rLesistor R2 having a high

val ue of rksi feniGs., #RE shepaddrsss: dagadcuitys REAr Bo SPEVIFEBRAELNg

cor respondence Wl Lhe 2001 eSS 891215 LSk chPbughlnbldg 9rain output

MOSFETs 05 and Q. The MOSFETs Q, - Q described _
above and the MOSFETs Q, - 011 to be described later i“/
constitute the comparator 9 which detects the
10 coincidence of comparison.
" In the case ﬁhére address information
required for seiedting a'desired 1-bi£ memory cell
are composed of the (n + 1) bits of from a; (aj) to
a (5;), éir;hits c, to.Cn §imi1ar to_;he-circuit Cq
15 are respecti&ély provided for the addfess signals a,
(5?)' to'an (5;) other than ag (E;), though no special
restriction is intended. . o
| A fuse F, is provided in order to write
down whether or not the error correéting function is
20 added. More sbeéifically, with the éddress memory
and comparator circuit shown in Figure 2, even if
the particular memory cell is.not defettive, the level’
of the error correcting signal EC will be made'"i"
'whén the levels of the address signals ag - 8, are "on.

25 The fuse Fz,serves to prevent such a situation arising.

The writing internal terminal t is connected to the



transmitted to the gates of the MOSFETs [err] to [err] which constitﬁte a

fromthe output 10 of this NOR gate. The circuits of the arrangenent
in Figure 2 formone set, and relieve one defective nmenory cell.

NCR-gate in the positive |ogic. The error correcting signal ECis deE§VEQ

Accordingly, in order to relieve.the defects of mnenory cells,

identical circuits are 15 provided. _qgLror correcting signals as
descri bed above and nunbering mare transmtted to the exclusive OR circuit
10 through an OR circuit (not shown). The wite-down of the address

I nf of'mati on 20

First/ all the bits of the menory a

Ofatdeorlel aOSRET N/ Prwhict |is scaaidaredimssdraldsowsith
ay 1 shown in Figure-1l are read out

and checked. Thethei SysewF {1 en Tied MECSRET e, dest preei dohpeitdd.a  Wen
both do not agree, the addr'éss of the defective nenory cell in 25 which the

particul ar data hparakbkel sresiston

i
!

m sets of

RipthaVing Helghidrakue |9 oMt iGnqer &

of this defective nenory cell are inputted fromthe-plurality_ of external
address terninals [err]. ARRRGRYERMeS of the cineietHiaty a‘ﬁoqres%"%‘f]d{%ﬂas
of conplenentary levels [err] . forned, t he %%$ress buf f 2 in-aefordance

with the addr8ss {RfSPREEFRINATHS i T tHRE &

as input data (ww;te-——

N
10
15
-
NS
20
25

RRSS FHARALS Ber o

n (an), and the dréin output of the MOSFET_Q12 are

transmitted to the gates of the MOSFETs Q, to 016 which

coﬁstitute a NOR gate inlthe positive logic. The
error corrécting signal EC is derived ffém the output
of this NOR gate.

| The circuits.of the arrangement shown in

Figure 2 form one set, and relieve one defective

are used

memory cell. Accordingly, in order to relieve the defects

of m memory cells, m sets of identical ci;cuits are
provided.. Error éorre@ting signals as described
above and numbering m are transmitted to the
éxclusive OR circﬁit 10 through an OR circuit (not
shoﬁﬁ).

The write-down of the address information
bf the defective mémory cell is pérformed as follows.

First, all thé bits of the memory array 1 shown in

Figure 1 are read out and checked. That is, written

data and read data are compared. When both do not
agree, the address of the defective memory cell in
which the particular data has been stored is detected.

The address information Ai (AO - An) of this

:deféctive memory cell are inputted from the -plurality

of external address terminals Ti' Amongst the



5 down address information) to the defect address nenory 8. That is,
the inverted address signals [err] are transmtted to the gates of.- the.

MOSFETs [err] In addition, a signal Op to be applied to the internal ° *
ter 1@l t is nade the high |evel. At this tinme, 10 when.the | evel of

t he {\wi/t e- down address signal. a is "1" (high level), the MOSFET.Q turns
"on™ turn "off" the MOSFET [err]. Accordingly, no current fl.ows

t hrough the fuse F1, so that the fuse Af does not bl ow. In contrast, when
the level of the wite-down 15 address signal [err] is "O" (low level),
the MOSFET [err] turns "off" to turn "on" the MOSFET [err]. Ther ef or ey

current fl ows intreoungil tdddrfesse signadsd afhe dmpdenehtiaArgnsle vEis sane appli €s
to the other address. 20 signals al - an. Further, the MOSFET [err] is
turned "on" bylagwe aylghr lleypl af) tlernsidgibyl the assriess tftfes 2 iimt er nal
termnal t, so that the fuse [err] is automatically blown. 25 _

In this way, tAEAIRES Widthotha iagddress Hafgamadione hforipvesitied( def ect

address infor jon) - - are w<tten—down. As reqgards the address nenory and
conpar at or ci %t.drtes?sn %ﬁﬁst o d'efaectarzfdd‘isééé %gsnfld’rﬂﬁ’ét id@Farendde-written

down, the é us~edo'§12n 'ésdcf}oetssblion%rmg}.%.ro?{)ort% the defeét address

memory 8. That is, the inverted address signals
% _
In addition, a signal Gp to be applied to the internal

- E; are tfénsmi;ted to the gates of the MOSFETs Q,. g;/
terminal t is made the high level. At this time,
10 when the level of the write-down address éignal 5;
. is "1" (high level), the MOSFET Q, turns "on" to turn
"off" the MOSFET 02. Accordiﬁgly, no current flows
through the fuse.F1, s0'tha£:the fuse‘F1 does not
blow. In contrast, when the level of the write-down

15 address signal aj is "O" (low level), the MOSFET Q,

turns "off" to turn-"oﬁ" the MOSFET 02. Therefore, -
a current flows through the fuse F1, and the fuse : \\)
F., blows.

1 . ,
The same applies to the other address

20 signals E; -a. o
| Furthgr; the MOSFET.Q12 is turned “on" by
the high level of the signal @, applied to the
internal terminal t, so that the fuse F2 is “
aufomatically blown. |

25 In'this'way,'the address information of the

defective memory cell (defect address information)



“

5 even when all the address signals a0 - an are "0", the MOSFET [err] is

"on", so that the level of the error correcting signal ECis not B
At any time other® than the wite-down stated above, for exanple, 4t the
read-out operatign 10 of the ROM the termnal t is held in its §& ¥'ng

state. However, the MOSFET [err] is not turned "on" by the floating
state. -The reason is that a | eakage cuygent flowi ng through the MOSFET Q
renders the’ potential of the termnal t the earth potential, 15 which is
mai nt ai ned by a stray ﬁ%aCIt nce coupled to the termnal. The potentia
of t¥e termnal 120 ‘to earth potential when the address

sig [err] is rendered to &@%f
In the read-out operation, ﬁ% %##ﬂ%%) uses and %ﬁhﬁ} %ﬁébr
the drain out put s, fi i MRS [ leari d ddrRACOMr Simd 10 el 0"

owi ng to the respectlve hi'gh val ues of resistance of the resistors Rl and

2. Now, in the Case Whel€ed Nfovnisatel fus @, A3 ddtowldwhen tTrerastbress
signal a0 whose level is "O' has been writterfin the defect address menory

s_hovvn - 165- ievén quhien 211 tdtee Mddrtels esiignadls "an’- and are "CSFEhq err]
is "off". Accordingly, when the level of the read-out address signal a
is "1", this | eMOSFAT Q§ottsarf§mi't,t exb tthathet heatlee w1l tdfe NBSFET qrerr
through t he MOSFET [err]

correcting signal EC is not made ™1".

E , At any time other than the write-down

ka; stated above, for éxample, at the read-out operation

10 of the ROM, the terminal 3 is held in its floating
state. Hbyever, the MOSFET Q, is not turned "on"
by the floating state. ~The reason is that a leakage
current flowing through the MOSFET Q1 renders the |
potential of the terminal 't the earth potential,

15 which is maintained by a stray capacitance coupled to

the terminal. The potential of the terminal t is

TP ew

. also brought fo earth potential when - -the address
4 signal ES is rendered to the high level to turn "on"

the MOSFET QI' In the read-out operation, when the

20 fuses F, and F2 have been blown, the drain outputs

1

of the MOSFETs Q. and 012 become the low level non

2
owing to the respective hlgh values of resistance
of the resistors R, and'RZ.

Now, in the case where the fuse F1 is not

25 blown (when the address signal a, whose level is "O"

has been written in the defect address memory shown



5 as to turn "on" the MOSFET Q. On the other hand, when the |evel of
the read-out address signal [err] is "0", this level "O" is transmtted to
t he gapesxof the MOSFET [err] through the MOSFET [err] .so as to turn “off"
t he [err]. 10 . In addition, in-the case where the fuse F
has b bl own (when the address signal [err] whose |evel is ™1% has been
WW|tten in the defect address nmenory shown in Figure 2), the MOSFET Q is

"on" and the 5 MOSFET ,[err] is "off". Accordingly, when the |evel of 15 -

t he read-out address §|gnal [err] is "0", the level "1" of the

conpl ementary g gglu@d herand NesEERNSM {4 othd e and MONFETR 'VDSFEU’
t hrough the MOSFET Terr] so 7 as to turrP"on" the MOSFET [err]

ot her hand, whan tdyer evelscforidimgrad-vnin aghils esevsi gila|tr{63rrfded-%u2'.0 " 1" ,

the level "O' of the conplenentary signal [err] thereof is transmtted to
the gate of t rEﬁdV@‘SEEma]hrqugiks t HE1"NOSHETs [evdl dbl'asl s drtansmitafefd’ t he
MOSFET 07. Thus, according t he circui-t described 25 above, in the case
where the | eveto dihe BatalrRshsiMIRFERR stthrelgn thre MOIRED Gdess
menory and t hat -17- of the read-out address signal .[err] are

non- coi nci Yentas tie YUIFE P erihe MISHET t ned OnrFne oyhen H’@'@a»sé”hﬁﬁ’ere

the level of the read-out address 51gnal ag is "oO",
this level "O" is transmitted to the gate of the
MOSFET 07
the MOSFET Q.
10 In addition, in the case where the fuse F1
has been blown (when the address eignel a, whose level
is "1" has been written in the defect address memory
shown in Figure 2), the MOSFET Q5 is "on" end'the
MOSFET 06 is "off". Accordingly, when the lewel of
15 the read-out address signal eo is "0O", the level "1"
of the_complementary signal ZE thereof is transmitted

“w,

to the gate of the MOSFET Q, through the MOSFET Q5 so

as to turn "on" the MOSFET Q,.  On the other hand,
when the level of the read-out address signal a, is
20 ™1", the level "O" of the complemeﬁtary signal 33
thereof is transmltted to the gate of the MOSFET 07
_through the MOSFET 05 so as to turn "off" the
MOSFET 07.
Thus, accordlng to the c1rcu1t descrlbed.
25 above, in the case where the level of the address

signal a stored in the defect address memory and that

-~

L

through the MOSFET Qg so as to turn "off" L,/



L]

they are coincident, the MOSFET ferr] can be turned "off". Wen all the

read-out address signals [err] 5 - an (an) have coincided with the

MOSFETs [err[ to.[err] are "off" ([err] is always "off" ow ng tofth

atldr ess* signals stored.in the defect address nenory 8, that is, m?ijégip
e i s

bl owout of the-:fuse [err]), the selection of the defective nmenory
di st i ngui shed.
error correcting signal ECto "1". The exclusive OR circuit 10 receives the
signal EC of the level "1" and the information fromthe defective nenory
c.el.:(,; and correctef tthe areagi-mft taddnedsorsignain.a, Hre non-coincidem, -
operation of distinguishing whether or not the defective nenory cell is

sel ected, is perfiotePIFEDHR-alqan ba thunned dsn'at | ofrofthesdisey where he

menory cel

fromthe sense 20vBEHI3RG Foincidanty (the

been forned.

i nf

As a result, 10 the copparator 9 brings the |evel of, the

ormati on. Wien the read output signal is to be delkyergd
é@Fﬁ@%ﬁi cAyke teness "anfdady

| h ' ' h | del f the ,—
riead- out 'access 20? r gsgtr)[lg; Or’{/%tﬁ;[}l }ﬁﬁsgt ; "°d#t' 1(:a rg‘%ﬁ ?Fsﬂ%\?%ﬁ?t%er(@lmi)t :
%y t!ImE!5%*"¥36£V3ﬂéo%q$£qgﬁeq#gﬁaﬁ(%”gh&%}égngééégé g@%%kege

and this del

correcting functionmns 3nir nishe

enhanced.
correction,

i

\/.

a l

10

15

20

25

e Spee e Tead-out

18ig dHe td¥redsaddr an![n%?gl tde dfde Gid CUided Yhd he error

arge nunber of redun
MOSFETs Q. to Qg are "off" (010 is always "off" owing

7

to the blowout of the fuse Fz), the selection of the
defective memoby cell is distinguished. As a result,
the comparator 9 brings the level of the error
correcting signal EC to "1"., The exclusive OR circuit
10 receives the signal Eé of the level "1" and the
information from the defective memory cell, and
corrects the error. of the information.

The operation of distinguishing whether
or not'the defective memory cell is selected; is .
performed in parallel with the operation of reading
‘'out the memory cell information. When the read
output signal is to be delivered from the sense
amplifier 5, the error correcting signal EC has
already been for@éd. Inlthe error correcting system,
the time delay of the read-out access corresponds
only to one stage of the_exélusive OR circuit, and
this delay time is very small. Therefore, even
when the error correcting function is furnished, the

speed of the read-out access can be enhanced.



are required. In contrast with the above described circuit construction,
no redundant bit is necessary, 5 - so that the occupying area of the menory
array ot increased. Mreover, the circuit which corrects the error-data *
upon cting the fact of the address information of the defective menory
cell is sinpler 10 in arrangenent than the ECC circuit. Theretore, even
when the error correcting. function is fugished, the chip size of the ROV

is not rendered |large. The read-out and check of all the bits of the nenory.
array ‘1 and the wite-down of the address -15 information of the defective
menory cells are carried Dutthheasd o REdlay mertds Behed rquian fidie Oy
sem conductor wafer, and the termnal t for the wite-down may be forned as
the internal tWr8neIoN FoRRRGIkoN, aH@ngOMYUNber of gredindartnitids i s

added 20 when the ROM has. been nanufactured. A nunber of nodified or
alternative cAf& rrlﬁﬂq’d'r%d'!/vi I IITh&RH ast afith dire iahave Pesanidedmy t ake

the formof a con of alum niumwhich is forned on a :
seni conduct or %cﬂﬁﬁp ta‘rP’] ndif éﬁddﬁ’qam‘m%t d vDSOEE S Yoh i s

b g0 SR é"eczeéw i M sy T L0
increased. - :
Moreover, the circuit which corrects the )
error data upon detecting the fact of the address Ld/
information of.the defectivé memory cell is simpler
10 in arrangement:than the ECC circuit. Therefore, even
when the error correcting funétion is furnished,
the chip size of the ROM-is not rendered laége.
The read-out and check of all the bits of
the memory array 1 and the write-down of the address
15 1information of the defective memory cells are carried
put when the ROM has been finished up on the
semiconductor wafer, and the terminal t for the | "
write-down may be formed as the internal terminal in
advance. Therefore, no external terminal is added
20 when the ROM has been manufactured.
A number of modified or alternative
constructions will now be briefly oublined.
The fuse may take the form of a conductor
layer of aluminium which is formed on a semiconductor
25 chip through an insulating film or a MOSFET which is

broken down.



< .

to an EPROM ( Erasabl e and Programmabl e ROM enpl oyi ng nmenory devices into
which information are electrically 5 witten. Besides, it is appLLngIe
tto PROMs of the fuse type, or the diode breakdown type. [n the JF
i's also allowed to replace the fuse with the menory devices and t{o
the address information of defective nenory cells into the nenory
10 _ Such a nenory device has 1® source, a drain and a floating
gat e. When sufficient charge are stored in the floating gate, an

i nversion layer is formed between the source and the drain, and the source
- drain path is steadily heﬂbeiﬁnaemdd@wcﬁﬁveppaicgbdﬁetO RQHpenGhﬁg upon
whether the source - drain path is conductive or non-conductive,

iinf ormati on for tWad HeSoMRsiefOMe s WF'@F@NP&Gwnit IFnaéﬁﬁe?PPéiéﬁﬁéé t he

! Sehar oo by, 20 R Rl NEPGRAE AF g Rimabis h@&eg%ﬁ%
I | et - h
yl travi ol € 1 ays... 4biij0 saNGRA TRAY m@%ﬂ&% A0 8 B LY

power d|SS|pat|on Fration can be “ac

The reason is;25 rtil}'%% nl.ne EENYLALT uq! % 4 @p@:%%‘é%&%”%o”‘?‘ﬁ%ﬂ%a@f‘ tQeb! ow

tthe fuse is not ne for the wite-down into - - such a nmenory
(19V| ce. It is al sqq;g0%5ipd,e dro.thlel IdizRid - d@iown type. In the EPROM,

i
!

it is also allowed to replace the fuse with the memory
:g\; devices and to write the address information of
: defective memory cells into the memory devices.
10 _ Such a memory device has a source, a
dréin and a floating gate. When suffi;ient charge
i are stored in the floatihg gate, an inversion layer
'is formed between the source and the drain, and the
source - drain path is steadily held in a conductive
15 state. Depending upon whether the source - drain
path is conductive or non-conductive, an information .
for this memory device is written down. In order
%\J/ to erase the write-down ihformation, the stored
charges of the floating gate may be discharged by,
20 e.g. the irradiation of the.floating gate with
ultraviolet-rays.
Using such a memory device instead of
the fuse, lower power dissipation for the write-down
of the information can be achieved. The reason is

25 _that-the comparatively large current necessary to

blow the fuse is not needed for the write-down into



Twite-d

" can be correct

)

ROM for the nenory array and to wite the address information of the
defective nenory cell by utilizing 5 the menory device stated above.
Further ,/7ym™a ROM wherein n nenory cells are appointed by one reading - *
operati 0 as to obtain read-out data of n bits, defect bit. positional ’
informafi (digit) may be witten down sinultaneously 10 with the

i of the address informat] of the defective nmenory cell, whereby
. n exclusive ORcircuits are selectively operated on the basis of the defect.
~ bit positional information so as to correct only specified defect data. 15
. The appl i cati orsusth tehameatoa\ye deasiosi.bed circuit arrangenents is not . <
"restricted only to the defective nenory cells. In the case where e
. undesired data has been wiit tiéh 3P hipasBidlientte atiddre thenmagkcel | as to
- which mmite-doggngﬁla ﬁnd read-out data 20 coincide, such erroneous data

Tt H&F

_ _ JEMAFSr ETTAY 334 (4R Wk the addresg A vs. 1.
By e ot oy BB s Rl M G B o
E;rrecgftrm\r,\%i%ﬁl :.t?dé%%ﬁgpg%%it& iRt AAYK3S signals; (c) a detection
-Further, in a ROM wherein n memory cells are
appointed by one reading operation so as to obtain
read-out data of n bits, defect bit positional | i;k
information (digit) may be written down simultaneously
10 with the write-down of the address information of the
defective memory cell, whereby n exclusive OR circuits
. are selectively operated on the basis of the defect
bit positional infofmatiqn so as to correct only
specified defect_data.

15 The application of the above described

circuit arrangements is not restricted only to the

. e

defective memory cells. In the .case where-undesired T
data has been written by mistake into a normal memofy A
cell as to which write-down data and read-out data

20 coincide, such erroneous data can be corrected and

then delivered out of the ROM.



det ecting predeterm ned conbi nations of the input address signals and
providing a detection signal to identify a defective nenory cell in the.__
menory -array; -10 - . (d) an output circuit which receives a on
signal ‘read out fromsaid menory array and which delivers a signal 1,
| ogic | evel corresponding to said signal read out fromsaid nenory +0n
when no detection signal is provided fromsaj d-detection circuit, 15 and a
signal of a logic level not corresponding to said signal read out fromsaid
menory portion wkRIMSdetection signal is provided fromsaid detection
cit<uit; whereby any erroneous data read out from a defective nenory cel
isdrverted on the basis od Semikerducter sRGMaincbuding: de a
correctedout put signal. 2.- _ A sem conductor ROM according to claim1
wherein said detection cirfdlt2iPRIERAFFaYrehheh| tnatiadessaiplerabityn
menory el enents. em conduct or ROM according to claim?2, 25

wherei n said add?g.slge’f‘ﬁ%rﬁétf%h nmenory el ements are fuses. -22- 4.

A 1 duct ROM dj t ' 3. wherej ' det ectj ot ' it

fohutes o plurality of  UadrdoasiEifion STEEEE SRLch SefabtS ot St
s i foh | ! Ted *on” W

Corpl arent ar 1Ty T SEROET JOLES B S-otlibide €4 {iBhe Saress Slanatan ary

address signals; and'a. (c) a detection circuit which is capable of

deteéting predetermined éombinations'oﬁ the.input
\\) address signals and providing a detection signal to.
identify a defective'memory_cell in the memory array:
10 (a) an.output circuit which receives a one
bit signal read out from'said memory array and which
delivers a signal of a Iogic level corresponding to
said signal read out from said memofy pbrtion when no
detection signal'islproviaed from said detection circuit,
15 and a signai of a logic level not corresponding to said |
signal read out from said memory'portion when a detection
signal is provided from Said detection circuit;
whereby any erroneous data read out from a
defective memory cell is inverted on the basis of
20 detecting signal to provide a correctedoutput signal.
2. A semiconductor ROM according to claim 1,
wherein said detection circuit includes programmable
address information memory elements.
- 3. A semiconductor ROM according to claim 2,
25 wherein said address information memory elements are

fuses.

AT



decoder circuit which receives outputs of said plurality of address
conparators. 5. ' A sem conductor ROM according to Claim1, 10
wher ei #/5gai d output circuit includes an exclusive OR circuit which receives
t he siygn supplied fromsaid nenory portion and the detection signa

W = ae A,

suppl i ffom said detection circuit. 6. A Sem conduct’or- ROM
constr d and arranged 15 to operate_s tantially as herein described
with reference to and as illustrated in the acconpanying drawings. * C SR
L S -
4, A semiconductor ROM according to Claim 3, ' ;;;?

wherein said detection circuit includes: a plurality
of address comparatoré each ﬁomprising a fuse; a pair
of switching eleﬁedts ﬁhich are controlled "on" and

5 “off“ ;omplementarily by Sa;d fuse and which select

-_either'opf the complementafy éddfess_siénals; and a
decoder circuit wpich receives.outputs of said plurality
of address comparators. : _ ;d/
5. A semiéqhdﬁctor ROM according_po_Claim 1,

10 wherein said output circuit inclﬁdes an exclusive OR.
éircuit which receifés the signal supplied from_said
.ﬁemory porﬁidh and the détection signal supplied from
said detection circuit.

6. A semicoﬁductor_ROM constructed and arranged

15 to operate.éubétantially as herein described with
reférgnce to and as illustraped in the.accompanying

~e,

drawings.

|



