- 1 - REDUNDANCY CIRCU T FOR USE I N A SEM CONDUCTOR MEMORY DEVI CE The
present invention relates to sem conductor 5 circuits, and nore .
particularly, to circuits for replacing defective cells w th redundant
cells in a sem conductor menory device. Recently, redundancy schenmes have
been widely 10 wused in the production of |arge scale sem conduct or iﬁgqr 14
devices, in order to overcone reduced production yields caused by é% bty i
of menory cells generated during the manufacturing process, which often
render an entire chip useless. 15 Redundangy techni ques provide an on-chip
spare nenory array in addition to a normal nenory array, and, when one or
nore nmenory cells in the normal nenory array are faulty, replace rows or

col ums contai ni ng the 20 REDUANDANGY CIREGUITERORYUSEl INOA cells with rows

or colums containing the def e Lcells. Currently,

the substitution of good CeH%?%{ﬁdéﬁyééﬁgU??@éRgC”Pgi:E nor mal nenory
arrays is inplenented by electrically or physically disconnecting faulty

rows or columns of celrhe fpeasbh® NOAVBhtIBAD YePdtey &Y 8kRALLNIRIILS
connectin re%gndant rows or,colums to %gﬁyagg%_r col umn addr ess decoder
n

in such a F REESonc ARSH MAKGoRRT es¢ di CL1FEREES whPeh
fornerly sel ecrepdadingadefecbive cellsn. wiBhchreddnddmtcycedlgerinr med

ei ther before QﬁliéBhﬁﬁoQ%g‘?r@'rﬂéﬂ:yﬁfedt ‘ggpsgpirmrey chip and has been

acconpl i shed %y usi ng one of two one of blow ng polysilicon
fuses by use of 35 pulses of electrical current, and the other of

N\ Recently, redundancy schemes have been widely
10 used in the production of large scale semiconductor
memory devices,: in order to overcome reduced production
yields caused by defects of memory cells generated during
the manufacturing prbcess, which often render an entire

chip useless.
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Redundancy techniques provide an on-chip spare
memory array in addition to a normal memory array, and,
when one or more memory cells in the normal memory array
are faulty, replace rows or columns containing the
20 defective normal memory .cell or cells with rows or

cells.

Currently, the substitution of good cells for

25 defective cells in normal memory arrays is implemented by
electrically or physically disconnecting faulty rows or
columns of cells from the normal memory array and
electrically connecting redundant rows or columns to the

row or column address decoder in such a manner that each

30 responds to the address bit pattern which formerly
selected the faulty row or column. Such redundancy is
performed either before or after packaging of the memory
chip and has been accomplished by using one of two
methods, i.e., one of blowing polysilicon fuses by use of

35 pulses of electrical current, and the other of

columns containing the defect-free redundant cell or {



-2- vaporizati.on of .conductor material with accurately focused | aser beam
spot-s,. However, "as nenory arrays.-becone nore dense and 5 |ine w dths grow
sfml l er, the | aser redundancy technol ogy has an increased problemin a
requi'renent for highly expensive apparatus for accurately controlling the
magni t ude and the position of the |aser beam spots. Meanwhile, the
electrically polysilicon fuse-blow ng 10 redundancy techni que has anot her
probl em of arranging on the sane chip additional circuits for supplying
'such large currents as to cut open polysilicon fuses, as well as peripheral
circuits for protecting circuit el ements fT®m destruction by large current.
This creates the 15 'drawback of inevitable increase in chip'size or area.

I'n addition toﬁgﬁpi"@&\é@ti@@t iPneddrffivedarCymacReTRY. Wide Q%%\P@@’E'ely
anot her one mhhﬁa |s?éo substjtute regundant rows or columms for defective

rows 20 of -col thASUESd p}BBELNREAY FBATBt atile menory el enents so as to
sel ectiively enable a correspondi ng redundant row or col um whenever the row

or columm havi ng def ectj mal e | ress 5

Vari ous circuits forhx‘gﬁgg?()r %sggﬁ@ﬁ%{gh%ggggi %gl‘%‘%s%gorreezs%?n§%r Pﬁdi n
U.S. Patent sNo:liné2widthst gravesmaller, athandiages1nedsndancyarahnalegyal .
However, these pakendrs i‘ﬁéﬁefa%e%fm%f??ﬁeﬁn' ‘{rﬁllét_!‘e B eh Bt ifloy "BIGRYy

el ements for the repl.acement of 30 cells. wever , errg s the
gr eat est pr.obl eR¥BL ?e&%ﬁ?‘@ch@ﬂﬁ uBFRY T YoRRR it P L iRgnoFpe
el enents is themaghithdet gndf thhe @omiptiont ®f fthel lasyrobeant $pothe

nonyol atile ”EWHEXnWH¥T£GSt@é”&f@ﬂ%@f&ﬁily polysilicon fuse-blowing
' ‘10 redundancy technique has another problem of arranging on
the same chip additional circuits for supplying such
large currents as to cut open polysilicon fuses, as well
as peripheral circuits for protecting circuit elements
_ ‘from destruction by large current. This creates the

15 drawback of inevitable increase in . chip size or area.

In addition to the above mentioned redundancy
schemes, there has been another one which is to
substitute rédundant rows or columns for defective rows

20 ©Of columns by programming nonvolatile memory elements so
v as to selectively enable a corresponding redundant row or
column whenever the row or column having defective normal

" memory cells is addressed. - '

25 . Varidus_ circuits’ for performing such’
‘substitutions are set forth in U.S. Patent No: 4 422 161
to Kressel et al and 4 514 830 to Hagiwara et al.
However, these patents need to employ a plurality of
nonvolatile memory elements for the replacement of faulty

30 cells. L ' o '

. -~However;-perhapsithe greatest problem of the
redundancy scheme using such nonvolatile memory elements
is the reliability of the element itself. If any one of
a5 the nonvolatile memo:y "elements programmed for



-3- substitution of rows or colums containing defective -cells is faul Ty,
information stored in nerory elenments will be ['ost and the repl acenentiof

bad cells wll

not be * perfarned. 5 Preferred enbodi nents of the present

invention . aimto provide a circuit for inplenmenting redundancy which

does not biow a fuse nmaterial, but enploys a nonvolatile nmenory el ement. 10

Preferred enbodi nents of the invention aimto provide circuits for

i mpl ementi ng redundancy whi ch enpl oy a m ni mum nunber of nonvol atile nmenory

el enments. Further, preferred enbodinents aimto provide circuits 15 for
I mpl ement i ng redundancy which increase®the reliability of a nonvolatile
menory device storing the identity of rows or colums having bad cells.

Accor di NG5 BN PE foRNto £ N¥BRS Wy EBShtdS £8nRA Leg aeFdLLpguct or
menory device co TISIE%Z a pl ralltz of normal nenory Tells; a plurality
of redunde®tlFerdst yfew |§'(#5f5£m§% PR SO tl%fnﬁ%FQ&ﬁﬁiﬁm% t®nes of

sai d nor i 1Ieber Yost! land 4 heonrel ittt ebrbeitesl 19 wELPinetabel urality

i denti fi &b

of address _sjgnals and operative to address normal nmenory 30 cells
§oeded -

address signals: and a redundant decoder connected to

recei v@ sai d -address signal s-and operative to output a redundant signal

upon a redundant biagerradicanBeaifentBOopaithe3SpRadERES ShERE Sont e
redundant. decoder conp ISIn% a . ) .
. aim to provide a tircuit for implementing redundancy

which does not.blowla fuse material, but employs a
nonvolatile memory element. S =

10

Preferred embodiments: of the-inééntion aim to

provide circuits for implementing redundancy which employ
a minimum number of nonvolatile memory elements.
Further, preferred embodiments aim to provide circuits

18 for

implementing redundancy which increase the

reliability of a nonvolatile memory device storing the
identity of rows or columns having bad cells.

According to- the present:invention, there is

20 provided a.semiqopductor memory device¢comprising:

a plurality of normal memory cells;

a plurality of redundant memory cells for the

25 replacement of any defective ones of said normal memory
cells; ' '

a normal decoder connected to receive a plurality

of address-signals_and-operative”to address normal memory
30 cells identified by said address signals; and ' '

_a.reduqdantadecode;-connected to receive said

o

'

35

 address”s1gnalS-and,operative=to output a redundant

signal upon a redundant line in dependence upon said

address signals, the redundant. decoder comprising a .

W



_4- pbﬁnallty of first proogram-devices connected in parallel between a.
refergpce potential and said redundant |ine and operative to out put
sglectively said ref erence potential in dependence upon said address
signals; and a second 5 additional program device connected in parallel
wi th said first program devices between said reference potential and said
redundant |ine and operative to output selectively said reference
potential, said second program device being connected to receive an input
signal " which 10.is conplenentary to that of a selected one of said first
program devi ces; the arrangenent being such that, when the nenory is
addressed, then if none of said normal nenoty ceIIs | s-defective, one of
sai d one selected first program devi ce and said second program device

outputs 15 ?ﬁg; qltﬁg"cc?fpﬂfgt' %'ro@% I'Jeﬁtceseaéonrgé;‘été’d Rl gaPQigEi

menory cells i I“ve, none of ~sai rst program ces an
second progra Qﬁﬂ(ﬁﬂ%ﬁﬁ%iﬁﬁﬁﬁiPQﬁ%ﬂtﬁﬁk #nd c$21d) redppdpptsbine and

absence of sai @pefaiti LPobatpust! sélettavequplgaifa‘ ﬁ‘féjrénéétp@ﬂéngﬂal
second program,devj ces determnln%i ﬂf Lesence ahsence of said
r edundant S|gn&P|ﬁﬁPF%£$Hc?eH§WHa a ng refd Q%kﬁmd%% siynifcBRfng
operative t& enﬂﬂh&ﬂmnahﬂpﬂngramkﬂex&nempoﬂneﬁt@@rimr@analhel witbrgatél | s
or the redundagy dﬁ%‘ o§EhhS FEAY ”%%we%ﬁ RLe{er 2 ega Q ial

0 un I gnal} and

detector is connecte recei ve an to sardre
each of said fed FdhRank eadwndants %éﬁﬁecﬁeai tep@ercsmérea ﬁ@speeltt%t

one\_of Zal d séd_@’c%ifi/el @gal?i@ réferénce ?ébtéx@tmél%ﬁe@éid S@é@lonéep‘@agram

onneet | on. 1 haeViEe HREAGEPBRERERR, LR Rttt er ity ARl AN bighone

of 35 saldofldstqmmgﬂemenkarmeto that of a selected one of said first
program devices; the arrangement being such that, when
the memory is addressed; then if none of said normal
memory cells is-defective, ohe of said one selected first
- program device and said second program device outputs

15 said reference potential and, if at least one of said
normal memory cells is defective, none of said first
program devices and:Said”Second'program device outbuts
said reference potential, the'presence or absence of said
reference potential at the output of said first and

20 second program devices ' determining the presence or
absence of said redundent:signal upon said redundant
line, ‘and the redundant signal being operative to enable
or inhibit addressing of either the normal memory cells
or the redundant memory cells accordingly.

25 o | R 3

' : Preferably, said normal detector is connected to

receive and respond to said redundant signal, and each of

said first program. devices is connected to receive a.

respective one of said address signals . and its

30 complement.- ' ' '

. said ‘second program device is preferably
connected to receive, in an inverse connection, the true
and complementary address'signals of said selected one of -

35 said:first program devices;t '



-4a- Preferably, said reference potential is ground *Each progran1dev1ce
preferably conprises a non- 5 volatile nenory-el enent capabl e of assuﬁing
first and second program states. Preferably, each program device conprlses'
-a true address signal line; 10 a conpl enentary address signa

li'ne; a nonvolatile nenory el ement having a programgate term nal, erase
drain termnal, a drain terminal and source term nal which is grounded; a
first neans, connectedto said programgate 15 term nal through an

i sol ation transistor, for producing a high potential in a second program
nmode, a |ow potential in a first program node, and supplying a
predeterm ned potential to said progran1gate termnal so that said nennry
el enent has better conduction during. readi.ng 20 operation; a second neans,
connected to said erase drain termnal, for producing a hlgh potential in
said first progr ﬁ}g?ggabiythEEQd”?%E%r ggg%?i A% ad, true 25
address signal -line an “nput tern1naP of "sal d 1sol at'I tranS|stor

and bet ween sai d conpl enentary address signal Jline and the input t er ni nal

of said isol at'OnE&éﬁ”-ii amf@éviéépb)tle'fér%bi féshePisys hiaghdmt enti al
to said input, term nal that 4a§£; E #@ntla 0 roducgﬂrag t he, first
means Tn atiteomenn FaRabips 9 ?556’5)'}}9’(99 t @4%r i nal |
when. saldeéome pﬂdgeam stghes is true, thereby causing a change of program

state of said nenory el errent as program*red |n said first program node, and
producing a | ow potenti.al -

Preferably, eaoh program device comprises' ' A\
_ a true address signal line; ,
10 . a complementary address signal line;

, a nonvolatile memory element having a program
gate terminal erase drain terminal, a drain terminal and
source terminal which is grounded; _ '
'_a first means, connected,to said program gate
15 _terminal through an isolation transistor, for producing a
high potential in a second program mode, a low potential
in a first program mode, and supplying a predetermined
potential to said program gate terminal so that said
~ memory element has better conduction during reading
20 operation, | '_ L L .
_ a second means, connected to said eraSe drain
'terminal, for producing a high potential in said first
-_program mode; _ - L L _
a third means, connected between said true
25 address signal line and an input terminal of said
isolation transistor, and_h- between said complementary
address signal line and the input terminal of said
isolation transistor, for supplying a sufficiently high
potential to said input terminal that ‘the high potential
30 produced at the first means in said second program mode
transfers to said program gate terminal, when said true
address signal is true, . thereby causing a change of
program state of said memory element as programmed in
_ said first program mode,_and producing a low potential. to
35 said input terminal, during said second program mode when.



>
35 sa&d input, term nal » during said second program node when -4b- said
true ggdress signal is conplenentary, thereby causing no change of program
skate of said nenory el enent as programmed in said first program node; and
a sensing neans, connected between said drain 5 termnal and sai-d true

addr ess:si gnal I|ne and. said conpl enmentary address signal line, for
groundi ng the output line connected to said redundant |ine when said true
address signal is true, and-floating said output |ine when said true
address signal is conplenentary. 10 Said nonvol atile nmenory el enent
preferably conprises a plurality of nonvol ahile nenory devices of which
program gates and erase drains are connecte& together with a program gate
termnal and an erase drain 15 termnal respectively, and of which drains

o; 3}2" dhdew ceea(:jmmasztw@l izddpesk eéignalcomsec&aﬂpienﬁem&@tpdt et é pebyand

o] I ch source-drain junction of pt S nected in,series

are connect ed t(iﬁﬁ QﬂuFQﬁn ﬁ é?%%?gﬁb%Fgg f s uﬂﬁ@ﬁrXre&SWﬁggted

to 20 referenc@qupnnﬁnaﬂmediinlsaiﬂ ﬂbnsblprogeamemodg dandce_ls

DT A B o ot V3P B0RKARY ' MEaHBID dodliuLERY Fetucon st NaPhif2 a' d
e

first, second.and thir ans conprise_:a h_glnp .Clrcul
a better under ierminglofande sidhkntroe a?éidtgs§how-96ﬂ/ %arrénéayseéd

carrledlrno efdafpleRBnary address signal line, for grounding the
' output line connected to said redundant line when said
o true address signal is true, and floating said output

| ‘line when said true address signal is complementary.
10 . | |
said nonvolatile memory element preferably
comprises a plurality of nonvolatile memory devices of
which program gates and erase drains are connected
together with a program gate terminal and an erase drain
15 terminal respectively, and of which drains of said
devices connected in parallel are connected to a drain
terminal and of which source-drain junction points of
said devices connected in series are connected together
and of which other sources are groundea'cr connected to

20 reference potential. '

Each said nonvolatile memory device is preferably
a FLOTOX type nonvolatile memory device.

25 Each of said first second and third means may
comprise a high voltage pump circuit.

For a better understanding of the invention and

to show how the same may be carried into effect,

35



acconpanyi ng di agrammatic drawi ngs, in which: Figure <l is a bl eck diagram
of an enbodi ment of the invention, showi ng the-general |ayout of a' norusai

row 5 decoder and its coupling to a redundant row decoder containing row '*

. address program devices; Figure 2 is a circuit diagramshowing a row
‘address program device conprising a part of Figure 1;.10 Figure 3 s a
cross-sectional view of a known FLOTOX type non-vol atl | e menory “el enent ;
Figure 4 is an equivalent circuit diagramof the 15 elenent of Figure 3;
Figure 5 is a circuit diagramof four cell bridge connection FLOTOX type
nonvol atile menmory el enents used in aS-ow address program device enbodying
the present 20 invention; Figure 6 is a redundant circuit diagram show ng

a plural it of nor up fo redundant row

decoders’ gﬁﬁ‘pfgyg?’&uPg\gg%%%}icco%%ﬁ%%dl Cjﬁ ‘Jg{lil'?q' ‘di agram showi ng a

hi gh voltage punp circuit used as a part of Figure 2. 30 Figure 1
illustrates-a redgj r & A o] idg faulty
menory celélbsF v&n@tyh r‘1"%u(rjlida% rov&/}lolch}ﬁ%%ﬁﬁ E \ﬁe ;ﬂ\gm%g'g%égw]m rCU|t of
Figure 1 rsé?dm% IR & ILakoutofaferp MAERde e a "bit
line")s Iae\addebeaaamivspeme?yeﬁg o t BatrddsaBli I#w Beddmemrt can

?gfle?/rtegegg?igeigihcgwrow address pr urra(?n evlisc:oes:[,0 a col urm I|ne (often

Figure 2 is a circuit diagram showing a row \)

address program device comprising a part of Figure l
10
Figure 3 is a cross-sectional view of a known
FLOTOX ' type non-vol'at_;ile' memory element;

Figure 4 is an equivalent circuit diagram of the
15 = element of Figure 3

Figure 5 is a circuit diagram of four cell bridge
connection FLOTOX type nonvolatile memory elements used
in a row address program device embodying the present

20 invention.
Figure 6 is a redundant circuit diagram showing a
- plurality of normal row decoders and their coupling to
redundant row decoders; and

25 _ | S o .

' 'Figure 7 is a_ conventional circuit diagram
showing a high voltage pump circuit used as a part of
Figure 2.

s0 Figure 1 '_ illustrates a redundant circuit for

replacing a row line containing faulty memory cells with
a redundant row line. Although the redun’dancy' circuit of
Figure 1 applies to the redundancy of a row line (often
referred as a "bit line"), it will be easily ‘perceived’
35 that those skilled in the art can apply the same circuit



»-
"word 44 ne"). The redundant circuit as shown in Figure 1 5 includes an
ordi hgLy neormal decoder 20 which.receives a conbination of row address

ségnal s and their conplements; AQCAO AI/Al, ..... to Ai/A (where Ak/AK
means Ak or A and k represents any nunber fromO to i) fromrow-address
buffers (not illustrated) and which is connected to a 10 line 5 coupled to

-the redundant row line 3. The normal decoder 20 is a NOR gate used in a
usual sem conductor nenory device and, when all of its input address
signals are at logic |low |levels, operates sg.as to select nmenory cells
connect:ed to a normal row line 4. 15 A redundant row decoder 10 conprises
row address program devi ces RAPDO to RAPDI which receive respectively pairs
of row address @fgFdigurend t Bdse denR erehuBnAding; (oftex referred as .a

Al, fromrow addgssg PYRE®SS (not” 20 " shown in the figure). An addltlona
row address progran1dev§ce5RAPD +1 receives input 5|gnals Al, Al which are

conpl enmentary to those Ai, Al supplied to the row address progran1deV|ce

RAPDIi . A redundant rowfrhbneraduamleﬁx?@uw 86 dKoNH! PLA IB1gsre- 0
t hrough 2-i +1 o{ fe row 25 afdress gﬁ in1deV|ces RAPDO, t 0 RAP +1 and
a MOS transi%t otR9ly@es am,or gladecodsr 20, wRicR; xecedMe

operates as .a deombinabben gfit eowndddresse sdignalesnnd chdir tdtﬁnplemarﬁ:ﬁnd
Wit be noted RILRORCARIMDer B Yol AP AL LhhErd Retdkomb iy & 'A%
RAPDI +1 is onl yandek noepresentshanyunumbest firom @dd:rcesls) i tonpataveraddresmr
exarple, a Semﬁtgfféféo[%d@émi!.}qﬁgg‘é%emv'é‘ﬂdz'%:tﬁ%'iQeScdHnéct?era e g
menory array nee
line 5 coupled to -the redundant row line 3. The normal
decoder ‘20 is a NOR gate used in a usual semicondoctor
memory device and, when all of its input address signals
are at logic low levels, operates so as to select memory
. cells connected to a normal row line 4.
15
' _ A redundant row decoder 10 comprises row address
. program devices RAPDO to RAPDi which receive respectively
- pairs of row address signals and their complements AO,
X0; A1, AI; .....; Ai, Rl, from row address buffers (not
20 shown in the figure). An additional row address program
‘device RAPDi+1 receives input signals A1, Ai which are
complementary to those Ai, AL supplied to the row address
fprogram device RAPDi. A redundant row line 3 is coﬁpled
to all of the output lines 2-0 through 2-i+l1 of the row
25 address program devices RAPDO to RAPDi%l;_and a MOS
transistor ‘1 of D type (referred to as a "D'type“
“hereinafter) operates as 'a driver whose gate and source
are connected to the line 3 and whose drain is coupled to
a supply voltage source Vcc (+ 5 volts).
30 S Co e |
© It will be noted that the number of row address
program devices RAPDO to RAPDi+l is only one more than
the number of row address bit patterns. For example, a’
semiconductor memory device having 2P row lines of a
35 normal memory afray needs a number n of address bit



-7- patterns to select a unique row |ine. Therefore, the nunber of IQM/'
address programdevices in the illustrated énbodiment will be n+l.-5 e )
Now , if we assune that one added row address program device is RAPD +1 as ¥
indicated in Figure 1, input-signals A and Al " of said device RAPD +1 .
will, respectively, beconme conplenentary signals of input Al and Al

whi ch are supplied to the contiguous device RACDIi. 10 Therefore, if there
is no need to enable the redundant row line 3 due to a defect-free nenory
cell in the normal nenory array, the redundant row | ine 3 always maintains
a logic lowlevel so as not to select the redundant nenory cell. This is
the reason why the signals on the outbut 15 lines 2-i and 2-i+1 of row
addr ess- progran1devices RAPDI and RAPDi +1-have nutually inverted |ogic

st at es g%gc dd 5 Fgé).lgg@gn*naanrp{qigél rhﬁwlaﬂﬁé ess ﬂ{%ﬁg evgﬁ«és whi ch

wi || ater ILn det on the f the
redundanﬂ“ﬂ@@qlqﬁ BOW o AREFRSAg Progral dewices pin cthembijussspted. nust  be

sel ect ed gisdditneHte W1 Y B nlef ective normal nmenory cells on the |ine 4,
row address program devi ces RAPDO t hrough RAPDi.+1 wi ||l be programmed as

will be described later so 25 ‘that all of the deV|ces RAPDO .t 0 RAPDI +1
becoms nonconductNose, | if tdneyasmmaethaw aate eaddeputoni gradsenki ch woul d

h i h 3
el ot g Y, QRN AR L 6 “ndliEheo [6n! £4RFRNE T RMGLENE 3 19
mﬁeM|aﬁiEB&%%.ﬂk BQ@pé#@@fraﬂ#QuﬁeYLﬂﬁ tRABDHoGE ¢ Wil bl i
desel oct s-ddibdiayaly depegsine2 ki Lndiea: utsq 1% | 881 Gyt | gyel on WHe

I ur e trates one ‘schenatic
nov M row ﬁfaﬁhic are supplfeg to the c guous device RAODi.

circuit

10 Therefore, if_there,is no need to enable the redundant

' row line 3 due to a defect-free memory cell in the normal
memory array, the redundant row line 3. always maintains a

-logic low level so. as not to select the redundant memory

cell. This is the reason why the signals on the output

15 lines 2-i and 2-i+l1 of row address- program devices RAPDi

_ and RAPDi+1 have mutually inverted logic states, due to

reset programming of all row address program devices,

which will be described later- 'in detail.

20 " on the other hand, if the redundant row line 3 \_J
containing defect-free spare memory cells™ must: be
selected due to one or more defective normal: memory cells
on the line 4, row address program devices RAPDO through
RAPD1+1 will be programmed as will be described later so -

25hthat all of the devices RAPDO to RAPDi+1 . become
nonconductive if they receive ‘row address -input signals
'which would otherwise select the normal row line 4.

_ Then, the redundant row line 3 is selected as a -
30 logic high level (+ 5 volts) by the transfer of the
'potential Vee via the D type MOS transistor 1, and this
logic level deselects the normal decoder 20 which then
outputs a 1ogic 1ow level on the normal row line 4.

_35 Figure 2 illustrates ohe schematic circuitw'



- 8- diegram of row address program devices RAPDO to RAPD +l, all of the
sane sgtructure. The transistors used are all N type enhancenent or :
depl eti on MOS transistors. -The threshol d vol tage of the depletion MOS
transistors will 5 be about -3 volts and that of the enhancement MOS
transistors will be about +3 volts. Pulse signals RS, CP and PR w || be
kept normally at low |l evels. A block 100 represents a nonvol atile nenory
el enent and each of bl ocks 200, 300 and 400 represents a high voltage punp
10 circuit. Each block 100 enpl oys a FLOTOX type nonvol atile nmenory.

el ement. For details of FLOTOX type nonveBatile nmenory el ements, one can
refer to "16 K [err] PROM Enpl oying 15 New Array Architecture" IEEE

Journal of Solid State circuits . 1982, pp 3-840. Ref in ow to
i gur o 3 show SERSRENS P C AITeRs RFRR 2 e vises  BAPDS AL LA
ref erence 20 nabkroff tHe rsamecsintrctune t yprheubsansistorsbadpd are all

reference nureale ok Oenhdhcadnd? bl CBLBTERL AN s SRARGILEALAN. Niylrain

region and [err rarn , res
[err] to [err]t nesheléragataggrpfeghsndgpiet;qmtunﬁm¢ransuetor5nwilan

oxide 25 il npd80apguthe. §UQ§61@§6 $8d Vet hB£SOLREe drfihRBekR 2NfiohE
drain region 131 1s a gate oilPP gboggland riference nuneral s 161 and 162
r

represent insuFEPRAYSEPFRsWLL ¥ér YOr-&Pri nBULSE S49NRAPeRSy56F
represents a fhmdtpagwﬂauebeamept:narmainyﬂatwhowaléyebs30 &i bleek l1ayper

of \Egure 5 anfePRERYEYLr By dont Akl RefgrilceLBnRR, “apE" dagh gE ™
desi gnated |i kelpakss2085 300 and 400 represents a high voltage pump
10 circuit

Each block 100 employs a FLOTOX type nonvolatile
memory element. For details of FLOTOX type nonvolatile
memory elements, one can refer to "16 K E2PROM Employing

15 New Array Architecture", IEEE Journal of Solid State
circuits, OCT. 1982, pp. 833-840.

_ Referring now to Figure 3 showing the structure
of a FLOTOX type nonvolatile memory element, reference

20 numeral 170 represents a p type substrate or body, and
W  reference numerals 140, 131 and 121 represent an Nt

~ source region, N+ drain region and Nt erase drain region,
respectively. An oxide film 160 of 70R to 2008 on the
“erase drain fegion 121 is a tunnel oxide film. An oxide
25 film 180 on the substrate between the source region 140
and the drain region 131 is a gate oxide film, and
reference numerals 161 and 162 represent insulating'

films, a first polycrystalline silicon layer 150
represents a floating gate,.and a second polycrystalline

30 silicon layer 111 represents'a_program gate. |

Figure 4 is an eqniyalent circuit diagram of
Figure 3 and like reference numerals in Figures 3 and 4
are used to designated like parts.
ag . , _ .



-9- A witing operation of the FLOTOX type nonvolatile nenory el enent
can be' acconplished by the application of a.positive potential Vpp et
(approxi mately +20 volts) to the programgate 111 and by grounding the 5
erase drain 121. This potential provides an electric field across the -
tunnel oxide film 160 of sufficient magnitude to tunnel electrons fron1the
erase drain 121 tc the floating gate 150. Once el ectrons have been

t unnel ed |nto_the floating gate 150, the threshold voltage of the 10
menory devi ce becones positive and the nmenory device perforns the sanme
operation as that of an ordinary enhancenent node devi ce. That is, during
the reading operation in which a posi@FVe potential of approximtely 2
volts is applied to the programgate 111, the menmory 15 devi ce becones

K}
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vol tage pthe €loatiihgcgapei 366.a bnGe electrons have been tunneled
into the floating gate 150, the threshold voltage of the
10 memory device becomes positive and the memory device
performs the same operation as that of an ordinary
' enhancement mode device. That is, during the reading
operation in which a positive potential of approximately
.2 volts is applied to the program gate 111, the memory
15 device becomes nonconductive. | B |

Meanwhile, to erase the memory device of Figure 3
or Figure 4, a positive potential of vpp is applied to
‘the erase drain 121 while the prog_r_am _gate 111__ is

20 grounded. Then, electrons: are tunneled into the erase
drain 121 and the floating gate 150 is charged
positively. Hence, the memory device operates as a.
depletion mode’ device ‘and becomes conductive at the times
of reading operation. ‘ '

25
' The program gate 111, the erase drain 121 and the
~ drain 131 of the FLOTOX type nonvolatile memory element
- are connected to the 1ines 110, 120 ~and 130,
'respectively,.while the source 140 is grounded. _

30
| Figure 7 is a circuit diagram of a part of Figure
2, showing a known high voltage pump circuit.

The high voltage pump circuit comprises a MOS
35 transistor 214 of enhancement type (referred to as “E



35 transistor 214 of enhancenment type (referred to as "E -10- type"
hereigafter) whose drain 210 is. coupled to a positive potential of Vpp
produced froma high voltage -generating circuit (not shown) and whose
~source is connected to a node 222 and whose gate is coupled to an 5 out put
node 220. A driver transistor is formed of an E type MOS transistor 218
whose gate and drain are coupled to the node 222, and whose source is
connected to the node 220. A coupling MOS capacitor 216 has one el ectrode
212 coupled to receive a clock pulse 0, i.e., square 10 pulse of peak to
peak 5 volts generated froma pul se generator (not illustrated), and
anot her el ectrode connected to the node 228~ Wen the out put node 220 is
floating at logic 15 high level (+5 volts), the transfer transistor 214 for

chargi ng the ad i o] en qighe t 2
punps char ge F{F\?g&t heﬁggta%utaq;\togd"lssztzvg{s%eo?g 5 ﬂth rd;nélygt%r g?%a oo
response to clBeRipivecpotantdal nof ONIPMJth ofrem |&ahigh |V|9]-t‘?§g§—'

case, the 20 ?ehbmﬁrtg:rw‘rduﬁes (txib'él @mimp t @Hd alvhdie ( sodrow! 4P -
Wien t he out pu

node, 220,i s at | o ound | evel the
transfer transFRRBPC5Ed £Qr & Qﬂq gg&TﬁB&ef"%’f’ée % E‘P‘deiéﬁ Sed®is
applied to % heowﬁp.ltapadet @20216 mndravert translistge iis tfcmséderoédanon he

because 11 izt%?%é“ﬁ°§”*§%ﬁs&9‘*@’%ﬁ“*ﬂ‘#ﬂ§@f€a€é ure"%*ﬁé%?ﬁr%ﬁﬁhplﬁgde
220 of high vo &) AR 228t sarzbowhgse affmam is connagtead ( he
nductor |i nqsoaa 2380, nndoﬁﬁlmgpﬂom ¢aprciteenduet Basl ones eiihct%de%
34 35, 36, jjglzlg%&ngésgo 9@ceive a clock pulse g, i.e., square
10 pulse of peak to peak 5 volts generated from a pulse
| generator (not illustrated), and another electrode
connected to the node 222.

When the output node 220 is floating at logic

15 high level (+5 volts), the transfer transistor 214 for

| charging the clocked capacitor 216 turns on. Then the

MOS capacitor 216 pumps charge into the output node 22¢

through the transistor 218 in response to clock pulses.

) SihCe the output node 220 is floating in this case, the

. 20 voltage thereof rises to a high potential Vpp (+ 20
— - volts). :

~ When the output node 220 is at a logic low level

. (ground level), the transfer transistor 214 turns off.

25 Therefore, although clock pulse @ is applied to the MOS

capacitor 216 and a little charge is transferred to the

output node 220, the output node 220 will keep at a logic
low level because it is grounded. ;

30 _ Turning to Figure 2, each cutput node 220 of high
 voltage pump circuits 200, 300 and 400 is connected to
‘conductor lines 33, 120,'and 34 respectively. = Conductor
lines 31, 32, 33, 34, 35, 36, 110, 120 and 130 may be
lines made of polysilicon or metal. Between the supply.
35 vditage source of Vcc (+ 5 vclts) and the line 34, an E



i nes made of polysilicon or netal. Between the supply 35 voltage solrce

of vcc (+ 5 volts) and the line 34, an E type MOS transistor 64'ant-a D
type MOS transistor 65 of which source-drain paths are connected in series®*
‘are inserted.. The gate of the transistor 65 is connected to the line 34 and
a pul se signal- CP, which goes high at the 5 tine of address program which
W Il be described -later, is applied to the gate of the transistor 64.

Bet ween the line 34 and the ground source, the drain-source path of an E -

type MOS transistor 66 is 10 connectegjand a reset pulse signal RS, which

goes to high at the time of reset programwhich will be described later, is
applied to the gate of the transi'stor 66. Therefore, during the tinme of

addr ess preypanMOSh&ransisiomié4 apdhagh typesMOs ttyansister c6hdefti on of
(- 20 Vol {THAEH °§‘Z“§%e"“r a“t SInOPATIIate cdtnbBtad i B T 0 ¢ he
ot her handigﬁﬂgﬁﬁa Neiid lepﬁﬁe Gnsgﬁ&l"g 53'5:5-0? 12oRReFEed %A ¢ he'
?rounﬁ/ogotume . 1iner s4l a\nﬁomw?é g gl ecdp,t hﬁhiﬂfl&él goésunsghpatheheI a 58
ype nsi s ose_gate i s _gr.oun e apsi stor
whose g”at %&"e‘gg‘f%s? hB’-’gﬁFéﬁ‘ sf&?&#‘ C?’g%toﬁﬁl éi%{w)‘f W Q h’E type
MOS tran5|$soapﬁﬂiaﬂote the gate iof dheyltarbrisdi ster séae si gnal EF as that
of the transistor 68, and a D type MOS transistor 70 whose gate is

grounded: The connection node 71 of the transistor 68 and 69' is coupled
to the Iine 34. TRetweeauithe odine o3¢t aadsither greund, sauxce; athe tagd

reference aﬁairzﬁlﬁuréﬁ &th] of tR B %?becﬁmﬁ %r‘éhisi?éto'i" Eﬁb Sth e,
whi ch supplies

vol t,s) t.o |i 4 1 urln readi ng
oper atin V\ﬂ?‘&ﬁc&ﬁll g‘g FeL&seh PR SL gna‘?l ! nfef! goed £8°hl oh
at the time of reset program. which will be described

later, is applied to the gate of the transistor 66.
Therefore, during the time of address program, the line
34 will go high (+ 5 volts) by the conduction of driving

15 transistors 64 and 65 and then will go to a high
potential voltage (+ 20 volts) by the: operation of the
high voltage pump circuit . 400. o

On the.other'hand; between the supply voltage
20 Source Vce (+5 volts) and the ground source, there is _
connected in series the drain-source paths of'aib’type ),
MOS transistor 67 whose gate is grounded, an E type MOS
transistor 68 whose gate is coupled to the pulse signal
CP (complement of CP), an E type MOS transistor 69 whose
25 gate'is coupled ‘to the same signal &F as that of the
" transistor 68, and a D type MOS transistor 70 whose gate
is grounded. The connection node 71 of the transistor 68
and 69 is coupled to the line 34. The circuit formed of
transistors 67 to 70 is a voltage reference generator,
30 who. the signal CP is a logical high state, which
' wniles- vee/2 (+ 2. 5 volts) to lines 34 and 110 during
the reading operation which will be described laterl
Such application of voltage Vcclz to the 1ine 110 makes
the FLOTOX type nonvolatile memory element 100 of
35 depletion mode - at the time of a reading operation have



Such a@plication of voltage Vcc/2 to the line 110 makes the FLOTOX type
nonvobsat i | € menory el ement 100 of 35 depletion node: at the tine of 'a

r éadi ng operation have -12- hetter conductivity. The line 34 is
connected to the line 110 via a drain-source path of a D type M3S
transistor 90. The 5 gate of the transistor 90 is coupled to the Iine 33.
Bet ween the supply voltage source Vcc and the line 33, an E type MOS
‘transistor 44 and a D type MOS transistor 45 are connected in series, as

i ndi cated. The.gate of the transistor 44 is connected to the line 31 on
whi ch an 10 address signal. Ak delivered frﬁglan address buffer (not shown)
is supplied and the gate of the transistor I's connected to the lIine 33.
Between the line 33 and the ground source, E type transistors 46 and 47 are

connected in pdetited .codugaiwit®yf. the transistor 46 is coupled to 15 a
pul se signal PR and the gate of the transistor 47 is connected to the line
32, on which an address signal AK i.e. conplenent of the address signal Ak,
is supplied. Therefore,The binegBGIiﬂvtennécbédtMDfﬁmmallﬁg nﬂbtwma a

dd |
got ;ﬁf?aISI ?/ng By e_%cgc{)hg'éb oﬁhgéﬁj\r,\%nglt Mé ngﬁ?g n#%é%t?xf ha ?ﬂ%
operation o tS@@ﬁgﬂfv&thﬁﬁﬁaﬁé$§QEu99 3180.conphedi Ite thet&émﬁkﬁkss
signal Ak is hipghwedn ithd %)p {Qldlt’%e??sduﬁ&e heed Narf 068 Cth:?éV ygvehyb

conneoted to ¢ e SRR S Erans StpFf, 4nd) 4 nl bYPE E«%ﬁngawxslréé‘%u%ut
node_bk6 of an am'eerdcn'mard:tem in Serted,ofast indicdfdd ! r arhesigaite T atke 55
connected in SerbgsiRYWPE st 98 connected to the line 31 on which an
10 address signal Ak delivered from an address buffer (not
- shown) is supplied and the gate of the transistor 45 is
" connected to the line 33. Between the iine 33 and the
ground source, E type transistors 46 and 47 are connected
- in parallel. The gate of the transistor 46 is coupled to
15 a pulse signal PR and the gate of the transistor 47 is
connected to the line 32, on which an address signal 2k,
i.e. complement of the address signal Ak, is supplied.
~  Therefore, at a logic low level of the signal PR, if the
~ address signal Ak is high (Ak is low), the line 33 will
o 20 be at high potential Vpp by the conduction of transistors’
— 44 and 45 and then by the operation of the high voltage
pump circuit 200. Meanwhile, if the address signal 2k is
high (Ak is low), the line 33 will be in a logic low
1evel by the ON state of the transistor 47.
25 = -
At the end'terminal-of-the'line*lzo'connected to
the erase drain 121 of Figure 4 there is connected the
. output node 56 of an inverter which is formed of E type
- MOS transistors 54 and 55 connected in series between. the
30 supply source Vcc and the ground source ‘and which
-operates as an inverter by a reset signal RS and its
complement RS. Therefore, with the high level of the
reset signal RS at the time of reset program, the line
- 120 goes to a high potential Vpp by the operation of the
- 35 inverter and the high voltage pump circuit 300.



30 supply source Vcc and the ground source and which operates-as an - :
I nverter by a reset signal RS and its conpl enent RS. Ther ef or e, mﬁthathe
high | evel of the reset signal RS at the tine of reset program the line ™
120 goes to a high potential Vpp by the operation of the 35 inverter and
the high voltage punp circuit 300. -13- Between the supply voltage
source Vcc and the line 13.0 connected to the drain .131 of the nonvolatile
menory el ement 100, a D type MOS.transistor 81 whose 5 gate is coupled to a
node 38 and a D type MOS transi stor 82 whose gate is grounded, are
connected in series. The line 35 couplqg to the node 38 is connected to

the drain, of an E type MOS transistor 83 and the 10 .drain of the
transistor 83 is connected to gates of E type transistors 85 and 87. The
signal PR having a logic high level at the tine of address progranlis

applied to the ga e a I [ and the
tlrognlm stor .83 ?u?%s?q{)enélgt tgl%a{atéérey %ﬂhwqg §§'rd§%s or %a | oad '
transi st okipe D30/ peosrectededoedthe dopins. 1adl aoﬂo&be:sglquﬁ@hilaverter

The out puh R g&%le{nen@em@veratqs a% eC@iﬁsactEQnstté@%g@}evﬁfo@é‘ E type

transi st Vi a I ne raln source tran5|stors 86

and 875i sgebmrnds: spurded £ A iRRAe8ReBRY| PN® t¥PS, 532‘:1?/%5 ¥R¥e 37, as

i ndi cat edg2 ThRoBedgaté iis Grovnded] tard horgmcted ian deryge. MOS transi stor
88 whose source is grounded and a drain 25 line 89 of the transistor 88 is

the out put Iine coupled to the. redundant_rom1|ine'3._A circuit conprisiqgj_
transistors 81 toTBe didreat 38 conpagdt e rikeli ngdeo38r dts orrnrecte@nsi ng

- to the'drain.of an E type MOS transistor 83 and the
10 drain of the transistor 83 is connected to gates of E
type transistors. 85 and 87.  The signal PR having a logic
high level at the time of address program is'applied'to
the gate of the transistor 83 whose source is grounded,
_ end_the transistor 83 turns on at. that time. ‘The
15 transistor 83 and a load transistor of D type: 84
- connected in series at-a node 39 form an inverter. - The
output node 39 of . the inverter is connected"tO'the-gate
~of an E type.Mos transistor 86 via a line 36. Each -
_ '”drain-source path of transistors 86 and 87 is connected
2o.r1n series between,linep31 and 32 via a node 37, as
indicated.

The node 37 is connected to the gate of an E type

MOS transistor 88 whose source is grounded and a drain

25 1line 89 of the transistor 88 1is the output line coupled-
to the:redundant row line 3. | '

A circuit comprising transistors 81 to. 88
operates during the reading. operation as K -sensing
30 circuit for determining whether or not the redundant row
line will be selected according to the programmed?state
of the nonvolatile memory element 100. That is, 4f the
_nonvolatile memory element: 100 is programmed as a
_depletion mode element and the row address signal Ak on

35 the line 31 is at a logic low level ~the’ potential of the



30 circuit for determ ning whether or not the redundant row line wll be
selecvgd according to the programed state of the nonvolatile nenory

@l enent 100. That is, if the nonvolatile nenory el enent 100 is programmed
as -a-depletion node el ement and the row address signal Ak on 35- the line

31 is at a logic low leével, the potential of the -14- node 38 will be .
| ow (ground) by the conduction.of the elenent 100 and by the signal PR
provided as a logic low level during the reading operation. Then,

the transistors 85 and 87 beconme OFF and the transistor 86 5 becomes ON.
Therefore, the node 37 becones logic |ow and the redundant row line 3
connected to the line 89 becomes | ogi ¢ “hi gh4so as to select the redundant
menory cell. However, 'if the rOM/address si gnal Ak had |1 ogi ¢ 10 high | evel

at that tine, dé@? ng@e@i %d 45 a e ﬁgl yC %b lachf'And%{E’tﬂ}? f,gd%fgant

row line 3 loglic om1|eve ant menory
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2. \Programnmi ng steps of the row address program devi ces RAPDo to RAPDi +1

for the substltgt|on g&o gggr, 'if the row address signal Ak had loglc

10 high level at that time, the node 37 would be at a logic
high level and the redundant row line 3 logic low level
and, as a result, redundant memory cells connected to the
redundant row line 3 would not be selected but normal
memory cells connected to the normal row line ¢ would be

15 selected.

On the other hand, if the nonvolatile memory
element 100 was programmed as an enhancement mode
element, the node 38 would be at a logic high level by

20 the nonconduction of the element 100. Therefore, if the
complementary row address signal Ak has a logic low
level, the redundant row line 3 will be selected by the
conduction of the transistor 87. :

25 - The mode of operation will now be. described in
detail, with reference to Figures 1 and 2.

: Programming steps of the row address program
devices RAPDo to RAPDi+1 for: - the substitution of good
30 cells for defective cells can be divided into two steps:
a reset program (first program mode) and an address
- program (second program mode). ' E

The reset program is performed at the same time
35 on all of the row address program devices RAPDO to



30 cells for defective cells can be divided into two steps: a reset
program (first program node) and 'an address ,program (second program npge) .
The reset programis performed at the sane tine 35 on all of the row
addr ess program devi ces RAPDO to RAPDI +I| after a-test of the menory
array, and prograns all nonvolatile nenory elenents so.as to operate in
depl eti on node. The reset programis begun by setting only the reset
signal RS of progran1contro| signals RS, 5 CP and PR at a logic high

| evel . Then,  transistors 46, 54 and.66 are rendered conductive. Hence,
lines 33, 34, and 110 are.discharged into logic |ow |levels and the |ine 120
is charged to a high potential Vpp by~&8e operation of the high

vol tage-punp circuit 300 as described above. 10 As a result, al

| ati | RAPDI +l
nonvol at ISP Y Ak eFOTH StiaBer A s Chme heéﬁ}%ﬁ“ 8RS E{%F%%

are hel'd as,_depletion | ements due to. pote

de
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program gfﬂ@pﬂéﬂiozééﬁnoebt er the awsEdtctpedg ?ébmt |1f[§ taéwgsm eyt hs&q_qt ddgset
rogram s addres ep. for_substitutin undan nennry
Eel ?s i s cgﬁ ﬁB }aﬁﬁg} g% &érﬁ%‘f%’ba_ms ?8*586 g % addr ess
progr ar de’.W cmde@tze logiRARDigh bevek. t oThehgct tiraasistordanté row |ine
by" causi gy t bq 2gd! e%e. HendidecoRlCLIdd EnBL, Mline@dy NS4 0 1 nput

to the above eV|ces - ramis divi t WO ‘cases; one

is the cast¥d h’a%ot?lﬁerG%\FSBEFgg Pgﬂa ogilci dowokevals @ad dheelinethe
case that 20 tsechaw rE$Sashg@M pitert idighy ﬁnb?nﬁhéa%§eﬂ§@ﬂﬁﬁm \o/
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10 As a result, all nonvolatile memory elements in row
address program devices RAPDO to RAPDi+l "are held as.
~ depletion mode elements due to the high potential Vpp
- applied to the erase drain 121 and the ground potential

applied to the program gate 111. : s
15 S
' After the completion of the above mentioned reset
- program step, an address program step for substituting
redundant memory cells is performed. The address program
step is to program the row. address program devices RAPDO
20  to RAPDi+l so as to select ihe redundant row line bY'
. causing the address bit pattern selecting the normal ‘row
line to input to the above devices. - The address program
is divided into two cases; one is the case that the row
address signal Ak is low, and the other is the case that

25 . the: row address signal Ak is high.

In any case, program control signals PR and CP

_are-set;at'logic.high=leveLSyand’the~reset'signal RS is

.- set-at a. logic low level. Therefore, the line 120 will

30 - become logic low by the ¢onduction of theitrénsisiﬁr“SS“

.and: the line 34 will be charged to a high potential -Vpp

by the conduction of transistors 64  and 65, and by the
operation of the high voltage pump circuit 400.

35 At this'time;:if a row address signal Ak on the -



* .
set ata :logi¢c low level.. Therefore, the line 120 will 30 becone |ogic

Iomlmyqthe conduction of the transistor 5S and the line 34 will be charged
t¥0 a high potential Vpp by the conduction of transistors 64 and 65, and by
t he operation of the high.voltage punp circuit 400. 35 At this
time,::tif a row address signal Ak on the line 31 has a logic |ow | evel
(compl enentary signal Ak of the signal Ak has a logic high level), the
transistor 44 will becone OFF and the transistor 47 will becone ON. Then,

the line 33 will be discharged to the ground state. 5 Therefore, the

I solation transistor 90 transfers only a Egrt of the high potential Vpp (+
20 volts) on the line 110. As a result, t 5Fine 110 will provi de a
potential of approximately 3 volts on. the programgate 111. Accordingly,
since this poteiéallchasnat lpogoei Jowale®8l Qbempmemehrtequ efignallf AKX of

oy o ooy B = SRR IR, Yol WMot hidn LR0EE | Epl, 8UBTIRERLS 0d "0y
t he above nentwbhkdbesogte pPBEr &#nd nthet dransd stor 4bwwd-d-d-r dogcemgn &N .Ak
on the line 3 o tﬁglfng' 95 Jvf!f' betl dﬁséhaﬁgeat €b «Eﬂeags!oﬂﬁawsltlatléecorre

conducti ve, I ne have I otenti a

operation 0% .tThP?ﬁ ol £8Ee %ﬁﬁﬁ?%ﬁPnCFFEHFFS 05 9°ﬂﬁﬁ§ﬂ§ﬁé}5tﬂﬁly a
potential on t 'll:ldf the idh bp@'oewtaahlgpppquerm aloMw) o the line

ConiitTon ot 208, RIS, S A A 54 SESDIBH SRt
a_b@\ﬁ rren“onegifpramm‘ximy(aﬁe VOltS on . the program gate 111.°
Accordingly, since this potential can not provide an
10 electric field of sufficient magnitude to cause the
memory element 100 to_change the program state, the
‘memory element 100 will be maintained in the same
depletion mode as that of the above mentioned reset
programming step. |
15 | -
If a row address signal Ak on the line 31 has a
logic high level, the transistor 44 and 45 will become
- conductive, and then the line 33 will have a high
- potential vpp by the operation of the high voltage pump
_ 20 eircuit 200. Therefore, the potential on the line 110
N  will becomeja'high potential Vpp by the conduction of
the transistor 90. As a result, the nonvolatile memory
‘element 100 will be changed into an enhancement mode
element. ' '
25
Once the above mentioned .program steps are
completely finished at the time of reading operation,
 the redundant row decoder 10 must operate so as to select.
the redundant row line 3 in place of the defective normal
BQN row line 4. Such a reading operation is performed by the
sensing circuit fbrmed of transistors 81 to 88. At this
time, signals CP, RS and PR are all in logic low levels,
that is, in normal state. Therefore, lines 110 and 120
are both at logic low levels. If the nonvolatile memory
35 element 100 is programmed -in depletion mode, the node 38



completely finished, at the time of reading operation, the redundant row.
decoder 10 nust operate so as to select. the redundant rowline 3 in pLate
of the defective normal 30 row line 4. Such a reading operationis =~ =~ ~i:%
performed by the sensing circuit forned of transistors 81 to 88. At this
time, signals CP, RS and PR are all in logic lowlevels, that is, in nornal
st at e. Therefore, lines 110 and 120 are both at logic low levels. [|If the
nonvol atile nmenory 35 elenent 100 is progranmed in depletion node, the
node 38 -17- will be at a logic low level, and then the transistor 86
wWill turn on, while the transistor 87 is OFF. Hence, the logic |ow |evel

of the address signal Ak appears at thd&7mode 37 and the transistor 88
becomes OFF, and then the 5 redundant row line is selected. I f the

ronol 2L e et ATLB 00 S YRS Ched 1y SB"SREHEN: P

transistor 86 W1l be OF
redundam:W#ﬁil#ﬁﬁpl%nseWbél%dtB9 transigter| 8w ﬂ§v@FFef Heacsddithes si gnal”

Ak. 10 Ther®frd elowf 1ebelrr&mrtheehbareeeneqtgeﬁ1t QK heppears! aEO‘t’Hé ne 4
.are free of deggA a .t her _one. o g 0%5% ut S|g§ |'s ‘of tpﬁ- ~addr ess
pr ogr am d&A9% ph FHpgis Be 29 cFhepe t he

above B rmdundenbr esew Arine adss - &eheetetdme re'cﬁmbhet mmwdlati:te
mai nt ai ns v s £5t Lt ry cells
rnﬂau} ir%ﬁe ¢bo 92 }{t@vr One Or éflhat {qgﬁtﬂﬁ%ev

on the no Ine 4 are nnre oW r€ss. pragram

devices dheo. Eﬁpﬁ,ﬁsl RButB& dﬂ%dPBsS’FFrgﬁﬁ%ﬂﬂ( the a |ogistoowelevel . |
will be priegraNredTRerdepket,i thﬂtdﬂimddﬂﬁ erdvauﬁ@élrfes s8legeam gyvi ces \of

whi ch | npyhd %gaidcdrfo%? fé&éf'oé\ktﬂ&sa “slgfid) RRT! M1 be programee

as enhance

Therefore, if the memory Cells'connected“£o3the
normal row line 4 are: free of-defects, either one of the
output signals of the row address program devices RAPDi
and RAPDi+1 will be at logic low level due to the above

15 mentioned reset program. Hence, the redundant row line 3
maintains a logic low level so as not to be selected.

| If the memory cells on the normal row line 4 are
- defective, one or more row address program devices of
20 which input row address signal Ak has a logic low level
will be programmed as depletion modes, while row address
-program devices of whic¢h input row address”signai kahas
a logic high 1evel will be programmed as enhancement
modes. o '
25
The programming is such that, when the' respective
~address signal. is applied to the row address programming
devices, the output signals of none of them’ will be at
- logic low:. level. Hence, the redundant row line 3 floats_'
30. to logic high level, due to’ the supply voltage Vccr
conducted through the transistor 1, so that the redundant
row line 3 is selected’ and the normal low line 4 is
. .deselected. ' ' - )

35 . Although ‘the above description gives an example



*
modes.: 25 The. programming i s such that, when the respective address signal.
is.applied to the row address' progranm ng devices, the output signals of’
wone of themw ||l be at logiec |low level. Hence, the redundant row line 3
floats 30 to logic high level, due to the supply voltage Vcc conducted
through the transistor 1, so that the redundant rowline 3 is selected and
the normal low line 4'' is ..deselected. 35 Al t hough the above
‘description' gives an exanple of using one FLOTOX type nonvol atile-
menory element, if the elenent is defective, the redundancy plan will be
unsuccessful. To solve this nmentioned problgm a four cell FLOTOX type
nonvol atil e menmory el ement connected as 5 a bridge type can be used in

bl ock 100 of Figure 2. Referring to Figure 5 programgates of FLOTOX type
nonvol ati | e nmeoBrusehgmones PLOTOX BPpeanenziolatdle avkrory elegentn, gdife

termnal 211, I aj ps e : ar I
connected to a@%r%&éﬁ%}ﬁ‘g nk' erd%q.r%ﬁ)&?}ﬂ'. ghgr%@ﬁg'}% éﬁ'gﬁen‘&ﬂzofeand
203 are both conghecessfuldr ai 7ot Sodveal tips . menbionedofpnahd el cnentfou0?

and 203 are al n t 1t Il t n 05.
Sour ces of theéel%? §Fg&r;g§t tsl??%%ﬁfgnnc}f éﬁii%é%b%%?#y r%ﬁﬁﬁ%ﬁggﬁgﬁ?%gégraogim
| hal

gate ternm ma 21Rri48R EYBRCARAPH o¢k 480t AE FigMEet @rnminal 231

are connected to the.lines 110, 120 and 130, respectively. The four cel
that of the FLOTOX tydieFBRERUL s PAABFS SrorRttoeiBugathor B ELOTOR g

4. \Jpe four cetypelLorpvolptidenunemorye ekements 202 to 205 are all

: coupled to a program gate terminal 211, and erase drains

10 of the elements .202 to 205 are all connected to an erase

drain terminal 221. Drains of the elements 202 and 203

are both coupled to a drain terminal 231. Sources of the

elements 202 and 203 are all connected together with

drains of the elements 204 and 205. Sources of the

15 elements 204 and 205 are both grounded and the program

gate terminal 211, the erase drain terminal 221 and the

drain terminal 231 are connected to the lines 110, 120

and 130, respectively. The four cell FLOTOX type

_' nonvolatile memory element performs the same operation as

| 20 that of the FLOTOX type nonvolatile memory element shown

3 ~ in Figures 3 and 4. '

. ~ The four cell PFLOTOX type nonvolatile memory

 element shown in Figure 5 cannot work, if at least two of

25 the four elements 202 to 205 are defective. Therefore,

the probability, PT, that the four cell FLOTOX type

. nonvolatile memory element is defective can be given by
the following equation. L ' '

30 BT = 2P2 (1-P%) + 4p3 (1-P) + P% + 2pP2

wherein P 1s the probability that'afoﬁe-cell FLOTOX
nonvolatile memory element illustrated in Figures 3 and 4
- produces a defect during the manufacturing process.

35 '



el ement shown in Figure 5 cannot work, if at least two of 25 the four .

el ements 202 to 205 are defective. Therefore, the probability, PT,"that
the four cell FLOTOX type nonvolatile nenory elenment is defective can be *
gi ven by the f.ollowing equation. [err] wherein P is-the probability that a
ona-cell FLOTOX nonvol atile nmenory elenent illustrated in Figures 3 and 4
produces a defect during the manufacturing process. 35 -19- GCenerally,
since the value of Pis a small value of approximately 10-5, the.
reliability of the four cell elenment shown in Figure 5 will increase by the
order of [err] rather. than by the reIngLlity of one cell element 5 _
illustrated in Figures 3 and 4. Figure shows a redundancy circuit diag
~substituting a plurality of redundant row lines for plurality of normal row
lines. In FigureGenesathyof sinte thairealyg of Pedsndammamimutmmdigs 10A
to 10l ha h ey €5. t . . N§1 L O cQ
iIIustratZ%fiﬁpé?gﬁﬁgh?ggﬁg:ﬁ%rﬁhT£§§cg§g}?%§&g&$gqg€I£%%ewkgghn gate
decoders. @kement showpoinFigeresSumilinhsknersase hynbhe osder @f t he

normal rovidTherdfhelractiinl a6y s thand<19MAAAES So P BHEARLIqY idiGimdpPDOA t o

RAPDI + ogragmed so as to_repair - the bad cells by the address
'progra#$ gﬁ%f#%€F§ﬁ8$2§§ §28H5F§ PoPRgeﬁecting the normal “menory cells on
20 the line 4A were delivered to the sem conductor chip,.the signal on the

ir i ' _ he out put

eoundant oty EIGu 8 SESE & | A dhel Vel o BBgalle ST
inputs.  Substituting a plurality of redundant. ‘row lines for . o/
plurality of normal row lines. . In Figure 6, each of a
10 plurality'of redundant row decoders 10A to IOIjhés the
same structure as that of the redundant row decoder 10
illustrated in. Figure 1 and normal decoders 20A to 20T

are known NOR gate decoders. S -

15 Now, if we assume that normal memory cells on_the'
normal row line 4A had defects, and row address program
devices RAPDoOA to RAPDi+lA were programmed éo'és to
repair the bad cells bv the-3ddre$s-progfam, and row
address signals for selucsting the normal memory cells on

20 the liné 4A were delivered.to_thé5semiconductor'chip,ithé 
signal on the redundant row line 3A would become a logic
high level. Then, the output signal of a NAND gate
formed of a NOR gate 5 and an inverter 6, which inputs -
signal on redundant row lines 3A to 3I, will be at a

25 logic high level. Therefore, all output signals of the
normal row decoders 20A to 20I connected to the output
of the NAND gate.will.becomeilogic low levels so as not
‘to select the normal memory cells on the normal row lines

4A to 4I. |

30 _ o :

' If all memory cells of the normal memory array

-are free of defect, by the reset _program as ‘mentioned

above, all redundant row lines 3A to 3I will be at a

logic low level so as not to select redundant memory

35 cells. | -



¥

signal= on redundant row lines 3Ato 31 wll be at a 25 |logic high |evel.
Therefpre, all output signals of. the normal row decoders 20A to 20l
gonnected to the output of the NAND gate will becone logic |low | evels so as
not to select the normal nmenory cells on the nornmal row lines 4A to 41. 30
If all nmenory cells of the normal nmenory array are free of defect, by the
reset program as nentioned above, all redundant row lines 3Ato 31 wll be
at a logic lowlevel so as not to select redundant nmenory 35 cells. - 20-
Wi | e the above describes a preferred enbodi nent of the present invention,
it will be apparent to those skilled in thggart that the invention may be
nodi fied in 5 nunmerous ways and nay assune enbodi nents ot her than than
specifically set out and descri bed above. For exanple, the input signals
of the additional address program device can be conpl enentary signals of
the input signals of apgifisr 18 stlove' AULIIbEE % ChEepERFEATBYS TNt 0

15 20 25 30 35 -21- :
of the presqnt invention, it will be apparent to those

skilled in the art that the invention may be modified in
5 numerous ways and may assume embodiments other than than
specifically set out and described above. For example,

the input signals of the additional address program

A - device can be complementary signals'of the input signals

[
of another one of the other address program devices.
10 '
1.5
20 D ' =
L . o
25
30

35
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1. A sem conductor nenory device conprising: 5 a plurallty of

normal nmenory cells; a plu nennry cells for. the” 'm#a-
repl acenent of any def ective ones of s - nmenory cells; 10 a nornal
decoder connected to recei v mlmmul ﬁmj“m \ddr ess signals and operative.’
to address normal nenory celll sai d address signals; and:15-

| redundant decoder connected to receive said address signal s and operatlve
to out put a redundant signal upon a redundant |ine in dependence upon said
address signals, the redundant decoder conprising a plurality of first
program devi ces connected in parallel 20 between a reference potential and
sai d redundant |ine and operative tC)Tﬁ&Tnn sel ectively said reference
potential in dependence upon said address signals; and a second additional
progr am deygaggszonnected in parallel. with said first program devices :
bet ween sard—Teference potential 25 and said. redundant |ine and operative
to output selectively said reference potential, said second program device

bei ng connected t@ rmﬁlccmduttdmuﬁemmademehcmmpmgphgaent ary to that
of a selected one of said first program devices; the arrangenment being such
that, when 30 the nenory is addressed, then if none of said normal menory
cel|'s Bs defective phurakitpiof aermal geenreryi ¢8llpr ogr am devi ce and said
second program devi ce outputs said reference potential and, if at |east one
of said nornal nenncg%cells s defectjve, none of said glrst 35 program

devi ces and sai d Seddhdrglddan? e€ﬁ§¥%ﬁﬂ%ﬁt?em°r22°e %ﬁjﬂ%ﬁe BRce . |
pOtentla|xéﬁlﬁdﬁﬁﬁﬁﬁKﬁfOangbiﬁﬂmmtﬂbeﬁbmbs of sa1d normal memory o

cells;

10
a normal decoder connected to receive a plurality

of address signals and operative to address normal memory
cells identified by said address signals; and

15 a redundant decoder connected to receive said

address signals and operative to output a redundant

signal upon a redundant line in dependence upon said

address signals, the redundant decoder comprising a
s plurality of first program devices connected in parallel _
20 between a reference potential and said redundant line and \

operative to output selectively said reference potential

in dependence upon said address signals; and a second

‘additional program device connected in parallel with said

first program devices between said reference potential

25 and said redundant line and operative to output

selectively said reference potential, said second program

device being connected to receive an input signal which

is complementary to that of a selected one of said first

program devices; the arrangement being such that, when

30 the memory is addressed, then if none of said normal

memory cells'is defective, one of said one selected first

program device and said second program device oﬁtputs

said reference potential and, if at least one of said

normal memory cells is defective, none of said first

35 program devices and said second program device outputs



8- u
reference potential at the output of said first and second program devices
det.egm,ning the presence or absence of said redundant signal upon said
wedundant 5 line, and the redundant signal being operative to enable or

inhibit addressing of either the no l"E or the redundant
menory‘cel |l s accordingly. 2. A”m“mmlmuum nory devi ce accordi ng
torClaiml10 1, wherein said nornmal #det%®cttor "i sScohnected to receive and
respond to said redundant signal, and each of said first program devices

is connected to receive a respective one of said address signals and
its conplenment. 15 3. A sem conduct Qpxenory device according to Caim
2, wherein sai'd second programdevice is connected to receive, in an

i nverse connection, the true and conplenentary address signals of said

sel ect ed one ®saidorefedencespotedsdiad .ddhiecPresence or Absanasmfl@aid

menory - devi ceyg¢eVelidy potdmtial, a? Lhed.oubshti BbHakd kel £ £EEC and
potential is ground, 25 5. - then1cq£%£cto& nenngéﬁfeVJce accord%g? to
any of O ai nsS¢cP8ds, PRASEAMA éiaﬁ: “PPEgr Rt BER: Sl DS e PELIRAES 01K i | €
Zermry el grretnabeémié eoff setdinreduhidait asdgampndpono.grm.steﬁaadm 6.
sem condyct ot _nenqr V] C n , rei.n e ram
devi ce corr%r i gégg'g‘&ﬁu&%ﬁ%df%d;\g&gé%%agiégﬁg Sggégngyé%gﬁt[i&e y%;édae?éagea
signal |ine;, erndmhikdtti |2ddxessing| ofemithen rthey peogadnredogyt ecells

termnal, eragg ¢nal PelBhHaRt mehotylice 1Y BdtdraMyly. - 23- source
termnal which is grounded; : _

~

2. A semiconductor memory device according to Claim
10 1, wherein said normal detector is connected to receive
and respond to said redundant signal, and each of said
first program devices 1is connected to receive a
respective one of said address signals and its
.complement. '
15 .

3. -~ A semiconductor memory device according to Claim
2, wherein said 's_econd program device is connected to
receive, in an inverse connection, the true and
complementary address . signals of said selected one of

20 said first program devices. o ' -

4. - A semiconductor memory device according to Claim
1, 2 'or 3, wherein said reference potential is ground.

25 5, - A semiconductor memory device according to any of
Claims 1 to 4, wherein each program device comprises a
non-volatile memory element capéble of assuming first and
sécond;program:states.

30 6.. . A semiconductor memory device according to
Claim 5, wherein each program device comprises: '
~a true address signal line;
a complementary address signal line;
a nonvolatile memory element having a program
35 'gate terminal, erase drain terminal, a drain terminal and



a first neans, connected to said program gate term nal through an.
I sol ation transistor, for producing a high patential in a second pTogcan1_
node, a Iom/potential 5 inr—afirst—program node, and supplying a

predeterm ned potential to s term nal so that said nennry
el ement has better conductloa ﬂ!ﬁ““g‘WHﬂ‘operatlon a second neans, ’
connected to said erase drai produci ng a high potential
in said first programnode; a third nmeans, connected between said true
address signal line and an input terminal of said isolation transistor,

and between said conplenentary 15 adgress signal |line and the input .
terminal of said isolation transistor for supplying a sufficiently high
potential to said input termnal that the high potential produced at the

first meafouneesdierminahdwhtielr it gooendednsfers to'said program gate
termnal, when saigl £ip8+2GhedilEeS TorMEetelS tid Usai dhﬁﬁrﬁ%ﬁ S5hpd 2

change of pro ram state of  sai elenent as sard first
£
progran1 %h %&fﬁ%% tté?n$és§ﬁFd fﬁEuPrPéﬂﬁinal during
ts(;u d Eecgnnd.gbr qgjiaénm mhela seicbnd- l;&ayicérne&ﬁo@egral 16% ﬁaﬁahE%ﬁlt ?r Y,
ere cau 0 og sa as
prograﬁfmeg | ngs?li?f% ftlnr%’gggg%ﬁrgﬁ%deéggngugng;i&gnga nBﬁﬁgogéB ﬁ@g‘ée
bet ween s®Botentialt & aaﬂdarrcmaramt getedtermdnsilgnad Ithat amaiidal d

conpl emenmainb AfldedsméhNdas | BotfoF %9*&19&9903 %@Ping ¢
connected to s%1d redundant |ine when said true address s rue, and

floating SRega fut |ine when said true address signal is conplenentary.i
7. - A seni cordusécondemeanseyiconmacvedi v® toa {dabFa¥e Hr&inb.

wher el g ‘sadmagRyo! a%bke&%ﬁi{é&rf‘d e?@ﬁg%‘”?&é&éial in said first
- program mode;.

‘a third-means, connected between said true
address signal line and an input terminal of said
isolation transistor, and between said complementary

15 address signal line and the input terminal of said
- 1isolation transistor, for supplying a sufficiently nigh
-potential to said input terminal that the high potential
produced at the first means in said second program mode
5 transfers to said program gate terminal, when said true
- 20 address signal is true, thereby causing a change of ,
program state of said memory element as programmed in ~
said first program mode, and producing a low potential to
said. input terminal, during said' second program mode when
said true address signal is complementary, thereby
25 causing no change of program state of said ‘memory element'
as programmed in said first program mode; and

a sensing means, connected between said drain
terminal and said true address signal 1line 'and said
_complementary address signal line, for grounding the

30 output line connected to said redundant line when said
true address signal is true, and floating said output
line when said true address signal is complementary.

Te A semiconductor memoryfdevice“according to Claim
35 5.or 6, wherein said nonvolatile memory element comprises

‘

%



54 a-plurality of nonvol atile nmenory devi ces of which program gates and
ase\, drains are connected together with a programgate term nal and an

asedrain term nal respectively,—and of which drains of said devices 5

connected in parallel are connected to a drain term nal and of which
source-§rain junction points of sﬂmmmlﬂjmﬁmnmct ed in series are
connected together and of which o grounded or connected to

ref erence potential. 10 8. A $enfcohddtt &r frenory devi ce according to
Claim5, 6 or 7, wherein the or each said nonvolatile nmenory device is a
FLOTOX type nonvol atile menory device. 15_59. A sem conduct or menory

device according to Claim6 or to Claim6 together wwth Claim?7 or 8,
wherein each of said first, second and third nmeans conprises a high voltage
punp circuit. Qoplurality/bfeMQﬂMd&@tilemmempnkwde&1cn@shfnwhﬁbhas

ggr ei nbefore desggraRd gutds ' 3ha COFEsé O dri A CQPRAWd Alde S &YV r%%get%
with a program gate terminal and an erase drain terminal
respectively, and of which drains of said devices
5 connected in parallel are connected to a drain terminal
and of which source-drain junction points of said devices
connected in series are connected together and of which
e _ other sources are grounded or connected to reference
potential. '
10 ' :
8. A semiconductor memcry device according to Claim
5, 6 or 7, wherein the or each said nonvolatile memory
device is a FLOTOX type nonvolatile memory device.

15 9'. A semiconductor memory device according to Claim
6 or to Claim 6 together with Claim 7 or 8, wherein each
of said first, second and third means comprises a high
voltage pump circuit.

20 10. A semiconductor memory device, substantially as

K// hereinbefore described with reference to the accompanying
drawings.

25

30

35



