- 1 SEM CONDUCTOR STORAGE DEVI CE AND | NFORVATI ON APPARATUS BACKGROUND OF
THE I NVENTION 1. FIELD OF THE | NVENTI ON: The present invention relates to a
non-volatile 5 nmenory in which data is electrically rewitable, e.g., a
sem conduct or storage device such as a flash EEPROMor , the like, and to an
I nformati on device using the non-volatile nenory, such as a cellular phone
termnal or the like. 10 2. DESCRI PTI ON OF THE RELATED ART: Conventionally,
in a non-vol atile sem conductor storage device (a non-volatile nenory) in
which data is electrically rewitable, e.g., a flash EEPROM a data read 15
operation is performed as follows: as shéwT in Figure 8, C the sane drain
voltage is applied to a cell RCO set at a predeterm ned threshold
val ue, whi ch §F§4]E%9NI§EFT% "$"%¥%ﬁ%ﬁ’1c@‘é%¢$ "ANR /ENFQRMATEGH rAPRARATUED of a
menory array on which a data read operation is performed, while 20 the sane

gate voltage is applied by paceftRroeRpeowortiE inN/ENECSNer and a nornmal word
| ine decoder, and a difference between the values of currents f | ow ng

through the nmenory cells RCO and MCO is anplified by a sense anplifier S/A

1. FIELD OF THE INVENTION:
The present invention relates to a non-volatile
5 memory in which data is electrically rewritable, e.g.,
a semiconductor storage device such as a flash EEPROM or
= the like, and to an information device using the
non-volatile memory, such as a cellular phone terminal
or the like.
10
2. DESCRIPTION OF THE RELATED ART:

Conventionally, in a non-volatile semiconductor
storage device (a non-volatile memory) in which data is
electrically rewritable, e.g., a flash EEPROM, a data read

15 operation is performed as follows: as shown in Figure 8,
the same drain voltage is applied to a memory cell RCO
set at a predetermined threshold value, which is called
a "reference cell”, and to a memory cell MCO of a memory
array on which a data read operation is performed, while

20 the same gate voltage is applied by a reference word line
decoder and a normal word line decoder, and a difference
between the values of currents flowing through the memory
cells RCO and MCO is amplified by a sense amplifier S/A,

and the result of the amplification is read out as stored



and the result of the anplification is read out as stored - 2 - data.

conventi onal

nmet hod for applying a gate voltage to a reference cel

gate voltage is constantly 5 applied to the reference cell RCO while
supply voltage is supplied to the storage device (see Figures 9 thro
11). In another conventional nethod, a gate 7"/ voltage is applied t
reference cell RCO according to an ATD signal which is activated duri
data read 10 operation (see Figures 12-threugh 14). Each of these nethods

will be specifically described below Figure 9 is a block diagram show ng an
exenpl ary
sem conduct or storage device 10. Figure 9 illustrates a nethod wherein a
voltage is congiaptly applied to each r of the word lines of referen
cells RCO RC1 and RC2 while the supply voltage is supplied to the s
20 In Figure 9, the conventional non-volatile sem conductor

device 10 includes: a nenory cell array RA forned by a plurality of

devi ce.
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structure of a primary part of a conventional non-volatile

orma wor contr
to a reference cell RCO, a gate voltage is constantly

applied to the reference cell RCO while the supply voltage
is supplied to the storage device (see Figures 9
through 11). In another conventional method, a gate
voltage is applied to the reference cell RCO according
to an ATD signal which is activated during the data read

operation (see Figures 12 through 14). Each of these

‘methods will be specifically described below.

Figure 9 is a block diagram showing an exemplary
structure of a primary part of a conventional non-volatile
semiconductor storage device 10. Figure 9 illustrates
a method wherein a voltage is constantly applied to eabh
of the word lines of reference cells RCO, RC1l and RC2 while

the supply voltage is supplied to the storage device.

In Figure 9, the conventional non-volatile
semiconductor storage device 10 includes: a memory cell
array RA formed by a plurality of reference cells RCO-RC2
(hereinafter, referred to as "reference array RA"); level

shifters LSO and LS1, which form a word line control
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circuit for controlling the word lines of the reference cells; a nenory
cell array MA (hereinafter, referred to as "nenory array MA'"), which is a
data storage region; a nornal word |ine predecoder XPDEC, a nornmal word
line 5 decoder XDEC, a redundant word |ine predecoder XPRDEC, and a
redundant word |ine decoder XRDEC. The reference array RA includes: the
reference cell RCO used in a data read operation; the reference 10 cel

RC1 used for verifying deletion of datar and the reference cell RC2 used for
verification in a data wite operation. Areference cell word [ine RALO is
connected to the gates of the reference cells RCO and RC1, and a reference
cell word Iine RAL1 is connected to the gate 15 of the reference cell RC2. A

bit |ine RBLOGSr&@iPeEdLLonrbieilhatReOfotie11RE8 8RCEHEELbFBERNCR Dit
line RBL1 is connected to the drain of the reference cell RCl; and a bit

line RBLZ is csumest edl nidindihe KBl radfay ear@lerensarteel,| rBeSrriiye tsour ces
of the reference cells RCO are 20 all connected to a commbpn source |ine

RHS. The | evelashindms sy LoEragdMh®) ,akdirginared Bata Q@dﬁa?@ trageon\L for

word lines. The level shifter LSO receives a reference cell selection

signal SELO, anthornfal oPditsime itdd@@€oh8scRPDRC:Na heemkaiedordf aigece cell
5 decoder XDEC; a redundant word line predecoder XPRDEC;

and a redundant word line decoder XRDEC.

. The reference array RA includes: the reference
cell RCO used in a data read operaticn; the reference

10 cell RCl used for verifying deletion of dQata:; and the
reference cell RC2 used for verification in a data write
operation. A reference cell word line RWLO is connected

to the gates of the reference cells RCO and RCl, and a
reference cell word line RWL1 is connected to the gate

15 of the reference cell RC2. A bit line RBLO is connected

to the drain of the reference cell RCO; a bit line RBLi

is connected to the drain of the reference cell RCl: and

O

a bit line RBL2 is connected to the drain of the reference
cell RC2. The sources of the reference cells RC0O-RC2 are

20 all connected to a common source line RHS.

The level shifters LSO and LS1 are powered by a
node voltage HWL for word lines. The level shifter LSO

receives a reference cell selection signal SELO, and



selection signal SELO to the reference cell word Iine RALO, thereby
selecting the word ine RALO. The level shifter LSl receives a reference
cell selection 5 signal SEL1, and outputs a voltage based on the received
reference cell selection signal SELIto the reference cell word |ine RALL,

t hereby selecting the word line RAL1. The reference cell selection signals
SELO and SELI are exclusively activated, such that one of the signals SELO
10 and SEL1 is ON (e. g. , when the suppl$ voltage VCC is supplied to the
storage device 10) while the other is OFF. For exanple, when the reference
cell selection signal SELO is ON, the potential of the reference cell word
line RALO rises, whereby the reference cell word line RALO is 15 sel ected.

Vhen the referonegues! b 6618aLeORa e dn d rddeDbat PEraLLABL de1al the
reference cell word ine RAL1™ rises, whereby the reference cell word line

RALL is sel eci@llecefonhia JIRADISRES oy M rerdrirse debhuictd Mnef RWE/DT Y
cells as nenory elenents arranged in a matrix along row and col umm

directions. Hefgérebyhesdgsetiply OftheS woirdp! nfimRd AMLO ef er rheg ekt 0
menory cells MCO and MCI of the nenory array MA. A nenory array normal word

- 5 line MU skifpspensed Ueddipvdat eaof régefBfibey aRill MEelection
5 signal SEL1l, and outputs a voltage based on the received
reference cell selection signal SEL1l to the reference cell
wordline RWL1l, thereby selectingthewordline RWL1. The
N reference cell selection signals SELO and SELl1l are
exclusively activated, such that one of the signals SELO
10 and SEL1isON(e.g., whenthe supplyvoltageVCCis supplied
to the storage device 10) while the other is OFF. For
example, when the reference cell selection signal SELO
is ON, the potential of the reference cell word line RWLO
rises, whereby the reference cell word line RWLO is
15 selected. When the reference cell selection signal SEL1

is ON, the potential of the reference cell word line RWL1

C rises, whereby the reference cell word line RWL1l is

selected.

20 The memory array MA includes a plurality of memory
cells as memory elements arranged in a matrix along row
and column directions. Herein, the description is
simplified by referring only to memory cells MCO and MC1

of the memory array MA. A memory array normal word



and a nenory array redundant word line ReW. is connected to the gate of the
menory cell MCl. A common bit line MBL is connected to each of the drains
of the menory cells MCO 5 and MCI, and a source line MHS is connected to
each of the sources of the nmenory cells MCO and MClI. The source Ilines RHS
and MHS are generally kept at the ground level, but controlled to be at a
different | evel when the storage device is in a special node, such as a
test node or the 10 like. For exanple, +n5a-deletion node, the source I|ines
RHS and MHS are at a high voltage |evel. A redundancy determ nation signal
MD, an address signal ADD and a word |ine enabling ATD signal SPWare 15

I nput to the normal word |ine predecoder XPDEC. Based on these signals, the

normal word "quﬁ.&rmﬁc&d% é%%%a %ﬁw@gewﬁémokyﬂngfﬁl ﬁgb' on

signal SX to the normnal I'i ne e no i ne

decoder XDEC ignd YVReRbrY ar ;«Beﬁan\a%tta%rmlﬁer rRUWLd 1ki B8AneBREHNET .
the normal word |ine deCoder receives a nornmal word |line selection

si gnal SX whi cfb itheOghblof T hERoPY &1 1 Ve, | ARGmadesadeng&PBE. and
outputs a voltage to a 6 predeterm ned nmenory array nornmal word |ine MAL

according to {deonddtledRbledtn S eheCar20ns! ddheStemb?S’ 88Y1s Mco
5 and MCl1l, and a source line MHS is connected to each of
the sources of the memory cells MCO and MCl. The source
lines RHS and MHS are generally kept at the ground level,
Ly but controlled to be at a different level when the storage
device is in a special mode, such as a test mode or the

10 like. For example, in a deletion mode, the source

lines RHS and MHS are at a high voltage level.

A redundancy determination signal MD, an address

signal ADD and a word line enabling ATD signal SPW are

15 input to the normal word line predecoder XPDEC. Based

on these signals, the normal word line predecoder XPDEC

C: outputsanormalwordline selectionsignal SXto thenormal

word line decoder XDEC.

20 The normal word line decoder XDEC is powered by
the node voltage HWL for word lines. Further, the normal
word line decoder XDEC receives a normal word line
selection signal SX which is output from the normal word

line predecoder XPDEC, and outputs a voltage to a



selecting the
redundant wor
word |ine ena
si gnal BADD.

predecoder XPRDEC out puts a redundancy determ nation signal MD to the

normal word |

| i ne decoder
Furt her, the
line selectio
pr edecoder XP
redundant wor

predeterm ned nenory array normal word I|ine MAL. 5 The

d line predecoder XPRDEC receives the address signal ADD, the

bling ATD signal SPW and a redundant word |ine address
According to these signals, the redundant 10 word |i ne

I ne predecoder XPDEC, and a redundant word |line selection
signal RX to the redundant word |ine deco@ler XRDEC. 15 The redundant word

XRDEC i s powered by the node voltage HAL for word |ines.

redundant word |ine decoder XRDEC receives a redundant

n signal RX which is output fromthe redundant word |ine

wor d

e B8 Db @ e P Ar¥alt §8Emna © vd i 8d8ke HWL“&EGHEH%%{,I array

line ReWL according to the redundant word |ine selec

signal RX, thei®byhéehesindly wHLapnage! esdl d@ei 8 MaA ynaar (<, rﬁﬁeeeas}t WOfd

line ReW.. 7

A word |ine selection operation is now described wt

reference to tdelddting eher tprafddternendd méoxyy a6rA9r fyriRel bwoﬁderd

i ne control
5
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circuit for the reference
line MWL.

The redundant word 1line predecoder XPRDEC
receives the address signal ADD, the word line enabling
ATD signal SPW, and a redundant word 1line address
signal BADD. According to these signals, the redundant
word line predecoder XPRDEC outputs a redundancy
determination signal MD to the normal word line
predecoder XPDEC, and a redundant word line selection

signal RX to the redundant word line decoder XRDEC.

The redundant word line decoder XRDEC is powered
by the node voltage HWL for word lines. Further, the
redundant word line decoder XRDEC receives a redundant
word line selection signal RX which is output from the
redundant word line predecoder XPRDEC, and outputs a
voltage to a predetermined memory array redundant word
line ReWL according to the redundant word line selection
signal RX, thereby selecting the predetermined memory

array redundant word line ReWL.



cells, a normal word line control circuit for the nenory 5 array, and a
redundant word |line control circuit for the nenory array when a
non-redundant nmenory array normal word line is selected. U Figure 10 shows,
fromthe top to the bottomof 10 Figure 10, supply voltage VCC, the node
voltage HAL for word lines; a chip enabling signal CE# which is a contro
signal for activating the storage device 10; an output enabling signal OE#
which is a control signal for permtting’ data output ; the word |ine enable
ATD signal SPW 15 which is output froman address transition detection
circuit (not shown); the potential of the reference cell word |line RALG
the normal word line selection signal SX; the potential of the nenory array

normal word line MAL; a ggadat Den8adENbEBL oAl oh8BaFRBRS Y5 6@ VadScdagt word
20 line ReW.. Wen both the chip enabling signal CE# and the out put

enabl i ng si gngli tiFrefereticd Neo HERENE1ENG! chadtd@ifa FiRAL-OPES AlyRricRan be
performed. The chip enabling signal CE# and the output enabling signal OE#

are control  gisghetSoHREQ 1LY d Wo LANRIANEASLH fir8]1 TARRANIESE ¢heEsPE¥ensdd - 8
therefore are omtted fromthe block diagramof Figure 9. In amenory in
whi ch data iscellad r acabalewbiriablie control circuit for the memory

5 array, and a redundant word line control circuit for the

memory array when a non-redundant memory array normal word

line is selected.

Figure 10 shows, from the top to the bottom of

10  Figure 10, supply voltage VCC; the node voltage HWL for
word lines; a chip enabling signal CE# which is a control
signal for activating the storage device 10:; an output
enabling signal OE# which is a contrel signal for
permittingdataoutput; theword line enable ATD signal SPW

15 which is output from an address transition detection
circuit (not shown); the potential of the reference cell

C word line RWLO:; the normal word line selection signal SX;
the potential of the memory array normal word line MWL;

and the potential of the memory array redundant word

20 line ReWL. When both the chip enabling signal CE§ and
the output enabling signal OE# are at the ground level,

a data read operation can be performed. The chip enabling
signal CE# and the output enabling signal OE# are control

signals generally employed in a semiconductor memory, and



e.g., the non-volatile sem conductor storage device 10 5 (such as a flash
EEPROM), data can be read out unless a data wite command or data del etion
command is issued imediately after the supply voltage is started to be
applied. That is, the chip enabling signal CE# for activating the

sem conductor chip and the output enabling 10 signal OE# for permtting data
out put from an output pad are decreased to the ground |evel, whereby
information stored in the nenory cell M3 ctan be read out. Referring to
Figure 10, after the storage 15 device 10 is powered on at tine to, the
supply voltage VCC begins to rise. Thereafter, at tinme tl, the node

voltage HWAL for word lines, which is used for reading of data, begins to

rise. 20 At t hirferdfiBre e bmtrcahefﬁaﬁetwldlo%ﬁpalh@%an{ 8ESF £5GLe CHL. !
sel ection signal SELOis ONwhile the reference cell selection signal SELI

Is OFF (ground level), the word |ine RALO of the reference cell RCOis
charged through the Ievel shifter LSO with the node voltage HW. 9 for word

lines (about DC 5 V) infimékeryamtvhifiedhith id én8cRBLOal1I v wel €ab1and the
common source line RHS of the reference cell RCOis controlled so as to be
at the grounalevelthehen vwblageieosknokbbadugitaire stantige Wievice 10
5 (such as a flash EEPROM), data can be read out unless a
data write command or data deletion command is issued
immediately after the supply voltage is started to be
kxj applied. That is, the chip enabling signal CE# for
activating the semiconductor chip and the output enabling
10 signal OE# for permitting data output from an output pad

are decreased to the ground level, whereby information

stored in the memory cell MCO can be read out.

Referring to Figure 10, after the storage

15 device 10 is powered on at time t0, the supply voltage

VCC begins to rise. Thereafter, at time tl, the node

C:, voltage HWL for word lines, which is used for reading of

data,‘begins to rise.

20 At this time, for the reference cell RCO, the
reference cell selection signal SELO is ON while the
reference cell selection signal SEL1 is OFF (ground level),
the word line RWLO of the reference cell RCO is charged

through the level shifter LSO with the node voltage HWL



5 a read command is issued. At tinme t2 which occurs inmediately after the

4i storage device 10 is powered on with supply voltage VCC, the storage
device 10 is in a data readable state. That 10 is, in this state, data can
be read out fromthe storage device 10 by decreasing the chip enabling
signal CE# and the output enabling signal OE# to the ground | evel. Then, at
tinme t3, the word |line enable ATD 15 signal SPWrises in response to the
chip enabling signal CH# reaching the gr®und level. At tinme t4, ther
normal word |ine selection signal SXrises to the supply voltage |evel. 20
At time t5, the potential of the predetermined nenory array nornmal word
line MAL rises in response to the rising of the normal word |ine selection

signal SX  Notertwatasiingfed hgaBBRr vcars ay) [ edepgddhe rtfirh | | fRe ReWE 1S
not selected in this exanple, the potential of the nmenory - 10 array

redundant wor dlindeRBEYLi § @it éd, il Hheledmimtelsourtd 2hind WHY f
reading of data is conpleted, and the word |ine enable ATD signal SPWfalls

to the ground the eveferéntentel . RAOCOEAEOHEY01leE R @&t itd pef akhehe
predeterm ned nenory array normal word line MAL falls to the ground | evel
at time t7. Duyragnd Hevadioy e Thiey Foil@agie-controlled state occurs when

5 a read command is issued.

At time t2 which occurs immediately after the

(:: storage device 10 is powered on with supply voltage VCC,
the storage device 10 is in a data readable state. That

10 is, in this state, data can be read out from the storage
device 10 by decreasing the chip enabling signal CE# and

the output enabling signal OE# to the ground level.

Then, at time t3, the word line enable ATD

15 signal SPW rises in response to the c¢hip enabling
signal CE# reaching the ground level. At time t4, the

(:‘ normal word line selection signal SX rises to the supply

voltage level.

20 At time t5, the potential of the predetermined
memory array normal word line MWL rises in response to
the rising of the normal word line selection signal SX.
Note that since the memory array redundant word line ReWL

isnot selected in this example, the potential of the memory



Cthe reference cell word Iine RALO of the reference cell RCO always
remai ns high. 10 Next, a word |ine selection operation is described wth
reference to the timng chart of Figure 11, which is perforned by a word
line control circuit for reference cells, a normal word line control
circuit for nmenory array, 15 and a redundant word line control circuit for
menory array when a redundant word line is selected. In Figure 11, r a
redundancy determ nation signal M and-aledundant word |ine sel ection
signal RX are considered in addition to the various signals described
above, and a redundant word 20 line is considered in place of the nenory
array normal word line MAL. The operation fromtine tQhrough tine t3 1is

totally the sad@r@,grbhﬁhdamémqlh% 'ﬁéﬁﬂ:‘?eﬁ?f.néf}ﬂ: thBfrSud Qevﬁ? he

description ther is herein omtt owi ng description o
word line selection operation - 11 - begins with tinme t4. As shown in Figure
11, after a while since the word |ine enable ATD signal SPWhas risen, the

B D S i ol S Al
line MAL begi nthd Grdt@$ELin®ENES1e IAPBAE BSAY SPW falls to the ground
5 level at time t6. Accordingly, the potential of the
predetermined memory array normal word line MWL falls to
the ground level at time t7. During the above operations,
c the reference cell word line RWLO of the reference cell RCO
always remains high.
10
Next, aword line selection operation is described
with reference to the timing chart of Figure 11, which
is performed by a word line control circuit for reference
cells, anormal word line control circuit for memory array,
15 and a redundant word line control circuit for memory array
when a redundant word line is selected. In Figure 11,
C a redundancy determination signal MD and a redundant word
line selection signal RX are considered in addition to
the various signals described above, and a redundant word
20 line is considered in place of the memory array normal
wordline MWL. Theoperationfromtime t0throughtime t3
is totally the same as that described in Figure 10, and

therefore, the description thereof ishereinomitted. The

following description of the word 1line selection operation



C after that, a redundancy determ nation signal MDis issued, and the nornal
word |ine predecoder XPDEC receives the 10 redundancy determ nation signal
MD and |l owers the normal word |ine selection signal SX back to the ground

| evel . The normal word |ine decoder XDEC receives the |owered normal word
| ine selection signal SX and |lowers the potential of the nenory array
normal word |ine MAL back 15 to the ground level. r, Substantially at the
sane tinme as the potential of the nmenmerglarray normal word |ine MAL being

| owered back to the ground level (at tinme t5), the redundant word 20 |ine
sel ection signal RX output fromthe redundant word |ine predecoder XPRDEC
reaches the supply voltage level. As a result, the potential of the nenory

array redundamégiﬁyc%it@etfﬁgltalses in substitution for the menory array
normal word |ine . In this exanple, the nmenory array nornmal word

line MAL is smntched to the menory array redundant word |ine ReW after the
potential of the nmenory array normal 5 word line MAL begins to rise. This is

because the normal wasdshbwg i pdgaeden 1XFiECepdgRi L ¥nds THRSwbRA nor nal
word line selection signal SX while the redundant word C |ine predecoder
XPRDEC i s condiidgs eRgbWeeATPIs idifa WOSPW has risen, the normal word line
5 selection signal SX rises to the supply voltage level at
time t4, andaccordingly, the potential of the memory array
normal word l1ine MWL begins torise. However, immediately
C after that, a redundancy determination signal MD is issued,
and the normal word line predecoder XPDEC receives the
1o redundancy determination signal MD and lowers the normal
word line selection signal SX back to the ground level.
The normal word line deccder XDEC receives the lowered
normal word line selection signal SX and lowers the

potential of the memory array normal word line MWL back

15 to the ground level.

Substantially at the same time as the potential

O

of the memory array normal word line MWL being lowered
back to the ground level (at time t5), the redundant word
20 line selection signal RX output from the redundant word
line predecoder XPRDEC reaches the supply voltage level.
As a result, the potential of the memory array redundant
word line ReWL rises in substitution for the memory array

normal word line MWL.



| i nes should be switched, and accordingly, a certain length 10 of tine is
required for canceling the nornmal word |ine selection signal SX by the
redundancy determ nation signal MD. After reading of data is conplete

word line 15

enabl e ATD signal SPWfalls to a |low |l evel (G\D | evel)

d,
at

t he

time t6. Accordingly, the redundant word Iine selection signal RX falls at
tinme t7, and as a result, the potential of the nenory array redundant word
|s to the ground level. 201Ri gure 9 shows al so the reference

line ReW. fal
cell RCl1l used

for verifying deletion of data and the reference cell RC2

used for verification in a data wite operation. These cells are now

briefly descri

bed below. - 13 When a data wite operation in the nenory

array MA is perfornmed, a verifying operation is performed for determ ning
whet her or not witing of data is normally 5 performed. During the verifying

operation, the referenge tk?fé'eﬁﬁlnﬁ%‘ Oty qa@xho Larirs EO\héﬂhaf hsafa')

whereas the reference cell selection signal SELOis OF

l ow | evel).

Meanwhi | e, the fid Mwnei KBLei tSheq! €618t SRehdBy ébfai?lfeahhaanBBlaQref the

ref erence cel

5
C
10
15
C
20

RCO for reading data is
line ReWL after the potential of the memory array normal

word 1ine MWL begins to rise. This is because the normal
word line predecoder XPDEC undesirably issues the normal
word line selection signal SX while the redundant word
line predecoder XPRDEC is considering whether the word
linesshouldbeswitched,andaccordingly,acertainlength
of time is required for canceling the normal word line
selection signal SX by the redundancy determination

signal MDD,

After reading of data is completed, the word line
enable ATD signal SPW falls to a low level (GND level)
at time t6. Accordingly, the redundant word line
selection signal RX falls at time t7, and as a result,
the potential of the memory array redundant word 1line ReWL

falls to the ground level.

Figure 9 shows also the reference cell RCl used
for verifying deletion of data and the reference cell RC2
used for verification in a data write operation. These

cells are now briefly described below.



10 unsel ected. As a result, the reference cell RC2 becones accessible.
the ot her hand, the common source line RHS is at the ground |l evel, and the
node voltage HAL for word lines is increased to, e.g., about 6 V, so as to

perform a verifying operation.

determ ni ng whether or not the deletion operation has been normally
conpleted. In this case, the reference-c@Bl -20 sel ection signal SELOis ON
(high level) whereas the reference cell selection signal SELI is OFF (Il ow
level). As aresult, the bit line RBL1 is selected so that the reference
cell RCLl for verifying deletion of data becones accessible. On the other

hand, the common source line RHS - 14 is at the ground level as in the

wite verifying operation, and the node voltage HAL for word lines is

i ncreased to,

e.g., Wbeuw aWdata 42ide bpepationm R t1Ry mEMbRY LPLAR MAN.

Figure 12 is a block diagram show ng another exenplary structure of a
primary part dfs apeppuenedonal vepifyohat idpereemewwndycipeirE diayesdevi ce
11. Figure 12 Cillustrates a method wherein a voltage is applied to a
reference cel ldetmhiniteg Rvilethes oef Abeneeiddng E data is normally

5

C.
10
15

C
20

performed. During the verifyingoperation, the reference
cell selection signal SELl is ON (high level) whereas the
reference cell selection signal SELO is OFF (low level).
Meanwhile, the bit line RBL2 is selected so that the bit
line RBLO of the reference cell RCO for reading data is
unselected. As a result, the reference cell RC2 becomes
accessible. On the other hand, the common source line RHS
is at the ground level, and the node voltage HWL for word
lines is increased to, e.g., about 6 V, so as to perform

a verifying operation.

In the case where a delete operation is performed
on the memory array MA, a verifying operation is performed
for determining whether or not the deletion operation has
been normally completed. In this case, the reference cell
selection signal SELO is ON (high level) whereas the
reference cell selection signal SEL1 is OFF (law level).
As a result, the bit line RBL1l is selected so that the
reference cell RC1 for verifying deletion of data becomes

accessible. On the other hand, the common source line RHS

On

5

15 In the case where a delete operation is
performed r on the nenory array MA, a verifying operation is performnmed

for



10 according to the word |line enable ATD signal SPWwhich is activated
during a data read operation. In Figure 12, the conventional non-vol atile

sem conductor storage device 11 includes: a nenory cell 15 array RA
including a reference cell RC (hereinafter, referred to as "reference array
RA"); a reference word |ine control circuit CU, a nenory cell array MA

(hereinafter, referred to as "nenory array MA"), which 1is a data storage
region; a nornmal word |ine 20 predecoder XPDEC, a nornmal word |ine decoder
XDEC; a redundant word |ine predecoder ¥®RDEC; and a redundant word |ine
decoder XRDEC. The arrangenent of the nenory array normal word line MAL, a
circuit systemfor selectively controlling the nmenory array redundant word
- 15 line ReW,, and the circuit structure of the nenory array MA, and

operations thersat, tlsg grofdsistedad hasthe kriite vaenfyindt oberseibagonduct or
storage device 10 shown in Figure 9, and therefore, descriptions thereof
are herein 5 amd ttthed nollee vodfteygan @WIafoay wBsd hihedes st hbrcredsedante, C cel |
RC used for reading data. A reference cell word line RAL is connected to
t he gate of the gef abance 5c¥,| sBCaslfoapérfoinne WRRtifgingnopetadibn.t he
drain of the reference
5 Figure 12 is a block diagram showing another
exemplary structure of a primary part of a conventional
non-volatile semiconductor storage device 11. Figure 12
'c: illustrates a method wherein a voltage is applied to a
reference cell word line RWL of a reference cell RC

10 according to the word line enable ATD signal SPW which

is activated during a data read operation.

In Figure 12, the conventional non-volatile
semiconductor storage device 11 includes: a memory cell

15 array RA including a reference cell RC (hereinafter,
referred to as "reference array RA"):; a reference word

C:. line control circuit CU; a memory cell array MA
(hereinafter, referred to as "memory array MA"), which

is a data storage region; a normal word line

20 predecoder XPDEC; a normal word line decoder XDEC; a
redundant word line predecoder XPRDEC; and a redundant

word line decoder XRDEC. The arrangement of the memory
array normal word line MWL, a circuit system for

selectively controlling the memory array redundant word



cell RC, and a source line RHS is connected to the source of the reference
cell RC. The source line RHS is generally kept at the ground |evel, but
controlled to be at a different |evel when the storage device is in a
speci al node, such 15 as a test node or the |ike. For exanple, in a deletion
node, the source line RHS is at a high voltage level. Herein, although only
the reference cell RC for reading data is shown in Figure 12, reference
cells used for witing of data or a del @i en verifying processing nay be
provided 20 in other reference arrays, or nay be provided in the reference
array RA of Figure 12 together with other reference word |ines or the |ike.
Herein, the description is focused on the reference cell RC for reading

data, and desorje@tréws, ah@Uind Bir&%&%rﬁ‘fﬁc%%é%f‘@ﬁgﬂeﬂfoﬁH:EH? 5946 of

data or in a deletion verifying processing, an I nt erconnections™f

control ling thase 6pbeatieasCallerednd 408! ile Cddireli hs 4iRfsd Nerevhkh, are
omtted. 5 The reference word line control circuit CUis powered wth the

node vol tage Mlnfws1a0itle! s collictid esEHERgHOEG VildE PNERInClipCcUi t CU
controls the C potential of the reference cell word line RAL. The reference

word |ine contFidusre rg)idndidhed@dorrs, Hegckandt ick: theg-<ymbire AdPeghgnal
SPWwhich is issued when data is

5 omitted.

The reference array RA includes the reference

i:f cell RC used for reading data. A reference cell word
line RWL is connected to the gate of the reference cell RC;

10 a bit line RBL is connected to the drain of the reference

cell RC: and a source line RHS is connected to the source

of thereferencecell RC. Thesourceline RHS is generally

kept at the ground level, but controlled tobeat adifferent

level when the storage device is in a special mode, such

15 as a test mode or the like. For example, in a deletion
mode, the source line RHS is at a high voltage level.

C:{ Herein, although only the reference cell RC for reading
dataisshowninFigure 12, referencecellsused forwriting

of data or a deletion verifying processing may be provided

20 in other reference arrays, or may be provided in the
reference array RA of Figure 12 together with other
referencewordlinesortheliké. Herein, the descriptiocon

is focused on the reference cell RC for reading data, and

descriptions about the reference cells used for writing



read out and a test word line selection signal SD for selectively
controlling the reference cell word line RAL in a forcible manner during
the test node. The reference word line control circuit CU outputs a voltage
to a 15 predeterm ned reference cell word line RAL based on the above
signals, thereby selecting the predetermned reference cell word |line RAL.
Now, a word |ine selection operation is described 20 with reference to the
timng chart of Figure 13, which is perfléor-red by a word |ine control
circuit for the reference cells, a normal word line control circuit for the
menory array, and a redundant word line control circuit for the nenory
array when a non-redundant normal word line is - 17 - selected. As in Figure

10, Figure 13 ghowaital rem the hoRdetide w:tﬂﬁ}ﬂ{g FpgWeR sk3ngUPRLY

voltage VCC, the node 5 voltage HAL for word lines; a chip enabling S|gnal

CE# which is almtémnﬁeatiehssEaeabomﬁ:oquab{g Nhekd SPEEQFendt] LE19RET ation
in the storage device 10 (the storage C device 10 can be operated en the

chip enabling si@n@dbn€E#li §igbulife G tHAMAIIEh ANapEt B teeaR! i ng signal
OE# 10 (data can be read out when the output enabilng signal OE# is at the

ground level) ; the word Iine enable ATD signal SPW

5 The reference word line control circuit CU is
powered with the node voltage HWL for word lines. The
reference word line control circuit CU controls the

C‘ potential of the reference cell word line RWL. The
reference word line control circuit CU receives the word

10 line enable ATD signal SPW which is issued when data is

read out and a test word line selection signal SD for
selectively controlling the reference cell word line RWL

in a forcible manner during the test mode. The reference

word line control circuit CU outputs a voltage to a

15 pPredetermined reference cell word line RWL based on the
above signals, théreby selecting the predetermined

C., reference cell word line RWL.

Now, a word line selection operation is described

20 with reference to the timing chart of Figure 13, which
isperformedbyawordlinecontrolcircuit forthereference
cells, a normal word line control c¢ircuit for the memory
array, and a redundant word line control circuit for the

memory array when a non-redundant normal word line is



the potential of the reference cell word line RAL; the normal word |ine

sel ection signal SX: the potential of the nenory array normal word |ine
MAL; and the potential 15 of the nmenory array redundant word |ine ReW.
Referring to Figure 13, after the storage device 11 is powered on at tine
to, the supply voltage VCC begins to rise. Thereafter, at tine tl, the node
20 voltage HW. for word lines, which is used for reading of data, begins to
rise. At time t2, the non-volatile senrcdidductor storage device 11 (e.qg.,
flash EEPROM or the like) is in - 18 a data readable state imrediately
after it is powered ON. That is, in this state, a data read operation can
be carried out by decreasing the chip enabling signal CS# to the ground

| evel . 5 Thengedledtide, t3, the word |line enable ATD signal SPWrises in
response to the falling of the chip enabling signal CE#. In response to the
rising of the word |line enable ATD signal SPW the reference cell word 10
line RAL is charged with the node voltage HAL for word lines at tine t4,

and at the same tine, Akheneid@te Wo { Fidiee P18 dsEode] PFIRECHeS $upStdhe
normal word |ine
the bottom of Figure 13, supply voltage VCC; the node
5 voltage HWL for word lines; a chip enabling signal CE#
which is an input control signal for enabling a read or
write operation in the storage device 10 (the storage
c:' device 10canbe operatedwhen thechipenablingsignal CE#
is at the ground level); an output enabling signal OE#
10 (data can be read out when the output enabling signal OE#
isatthegroundlevel); theword line enable ATDsignal SPW;
the potential of the reference cell word line RWL; the
normal word line selection signal S8X: the potential of

the memory array normal word line MWL:; and the potential

15 of the memory array redundant word line ReWL.

C:, Referring to Figure 13, after the storage
device 11 is powered on at time t0, the supply voltage

VCC begins to rise. Thereafter, at time tl, the node

20 voltage HWL for word lines, which is used for reading of

data, begins to rise.

At time t2, the non-volatile semiconductor

storage device 11 (e.g., £lash EEPROM or the like) is in



selection signal SX 15 At tine t5, the normal word |ine predecoder XDEC
rai ses the potential of the nmenory array normal word |ine MAL according to
an output of the normal word line selection signal SX. Note that the
potential of the nmenory array normal word line MAL rises with a slight

del ay behind 20 the rising of the reference cell word line RAL due to a
decodi ng operation. After a while, reading of data is conpleted, and the
word line enable ATD signal SPWfalls toqde ground - 19 level at tinme t6.

Accordingly, the reference cell word line RAL and the nenory array nornal
word line MAL fall to the ground level at tinme t7. 5 Next, a word line
sel ection operation is described wth reference to the timng chart of

Figure 14, whic i s perforned b¥Fa word line control ,circuit for_the

reference C cétl ,taarﬁ_ le,\gitg iﬁ’@m‘é_ AREELYCRELGT: 1E obS BAVSREHON- array,
o agnce e nindei [ ASRLEek O LU L ofa Uie B0 LY, Sr ek aten o
2ddi 11 on to ¢ Kt AT SR ohe frgeltT Buab RSt CEYERRERAE I | i ne
i s considered ié%éigce of the nenory
5
Then, at time t3, the word line enable ATD
signal SPW rises in response to the falling of the chip
(:‘ enabling signal CE§. In response to the rising of the
word line enable ATD signal SPW, the reference cell word
10 line RWL is charged with the node voltage HWL for word
lines at time t4, and at the same time, the normal word
line predecoder XPDEC issues the normal word line

selection signal SX.

15 At time t5, the normal word line predecoder XDEC
raises the potential of the memory array normal word

line MWL according to an output of the normal word line

O

selectionsignal SX. Notethat thepotential of thememory
array normal word line MWL rises with a slight delay behind
20 the rising of the reference cell word line RWL due to a

decoding operation.

After a while, reading of data is completed, and

the word line enable ATD signal SPW falls to the ground



15 array norrmal word line MAL. The operation fromtinme tO through tine t3
Is totally the sane as that described in Figure 13, and therefore, the
description thereof is herein omtted. The follow ng description of the
word |ine selection operation begins with time t4. 20 As shown in Figure
13, after a while since the word 1|ine enable ATD signal SPWhas risen, the
normal word line selection signal SX rises to the supply voltage | evel at
time t4, and accordingly, the potentialF &P the nenory array - 20 nor nal
word line MAL begins to rise. However, imrediately afterthat, a redundancy
determ nation signal MDis issued, and the normal word |ine selection
signal SX decreases back to the ground level in response to the redundancy
5 determ nati Qewd gl thiReittd mid@rcﬂﬁésjy[ thé FE&eOPBRLe E811NQodACr ease
of the normal word |ine selection signal to the ground level, the
potential of tiimdrRWE Yared e el Rl amedy forea MiboEl@Cl enseRwhagkiho the
ground level. 10 Substantially at the sane tine as the decrease in the
potential of tte twaogyodndayevalmalt wae@ lime MAL to the ground | evel (at
time t5), the redundant word line selection signal RXrises to the supply
voltage level. As a result, the potential of the nenory array redundant

5 Next, aword line selection operation is described
with reference to the timing chart of Figure 14, which
isperformedbyawordlinecontrolcircuit forthereference

cells, a normal word line controel circuit for the memory

O

array, and a redundant word line control circuit for the
10 memory array when a redundant word line is selected. 1In
Figure 14, a redundancy determination signal MD and a
redundant word line selection signal RX are considered
in addition to the various signals described above, and
a redundant word line is considered in place of the memory
15 array normal word line MWL. The operation from time to0
through time t3 is totally the same as that described in
C Figure 13, and therefore, the description thereof is
herein omitted. The following description of the word

line selection operation begins with time t4.

20

As shown in Figure 13, after a while since the word
line enable ATD signal SPW has risen, the normal word line
selection signal SX rises to the supply voltage level at

time t4, and accordingly, the potential of the memory array



15 word line ReW. rises in substitution for the menory array nornal word
line MAL. The reason why the nenory array normal word line MAL slightly

pul ses between tinme t4 and tinme t5 is the same as that described in
connection with the exanple illustrated in Figure 11. 20 After readi ng of
data is conpleted, the word Iine enable ATD signal SPWfalls to a | ow | evel
at tine t6. Accordingly, the redundant word line selection signal RX and
the potential of the reference cell word20ime RAL fall - 21 to the ground
|l evel at tine t7, and as a result, the potential of the nenory array
redundant word line ReW. falls to the ground level. 5 The trend in the
field of sem conductor storage devices in recent years indicates that the

supply vol t ag@ornfielo2aRliRd MWL Be§eRisCNBUGEO" BbAEIER JaMh&inag1heen C
decreasi ng. However, on the other hand, an increase in the speed of reading

of stored infefedr eRatr, AradinaRnty dét&ehlinhsohasigiierennas i foneaxanpl e,
I n the conventional non-volatile sem conductor storage device 11, reading of

stored infornandntHdaicymdl omdidel TREDEE 1eeltliovakilharasX | s peasas
follows: the sane voltage is applied to the reference cell RC and a nmenory

cell MCO frombdukhto the ground level in response to the redundancy

5 determination signal MDat time t5. Further, inresponse

to the decrease of the normal word line selection signal SX

to the ground level, the potential of the memory array

<:: normal word line MWL decreases back to the ground level.

10 Substantially at the same time as the decrease in
the potential of the memory array normal word line MWL
to the ground level {(at time t5), the redundant woi*d line
selection signal RX rises to the supply voltage level.
As a result, the potential of the memory array redundant

15 word line ReWL rises in substitution for the memory array
normal word line MWL. The reason why the memory array

(i/ normal word line MWL slightly pulses between time t4 and
time t5 is the same as that described in connection with
the example illustrated in Figure 11.
20
After reading of data is completed, the word line
enable ATD signal SPW falls to a low level at time t6.
Accordingly, the redundant word line selection signal RX

and the potential of the reference cell word line RWL fall



15 data is to be read out, and a difference between the values of currents
flowing through the nenory cells RC and MCO is sensed by a sense anplifier
S/A, which is formed by a differential anplifier, whereby readi ng of
is achieved. 20 In such a case, a risk of erroneous reading of data

avoi ded by starting a sensi
array and a word line for a nmenory

dat a
can be

ng operation after a word line of a reference
array reach a predeterm ned voltage.

However, in many - 22 cases, a reduction_in read access tine cannot be
achi eved because of the | atency requirealuﬁtil the word line of the
reference array and the word line for the nenory array reach

adesiredvol tage. Thus, in alnost all of such cases, 5 the sense anplifier

S/Ais activated so as to begin a sensing

operation before both of the

above word |ines tkeachraunésilevk]l vatt adme Wver edayd aasi mRcrmsaselt ) 8heess
speed is achieved. C However, in the conventional art of Figures 9 10 and
12, the potentdcdiergfiaheof etlre ememorygl hrwayd deidmnddNt wors@slpme OReNWD t he
rising of the potential of the nenory array nornmal word |ine MAL. This
causes sone priEllesto tiécgraithd Bevedscri bed in detail below with

r ef erence

10

15

20

The trend in the field of semiconductor storage
devices in recent years indicates that the supply voltage
level applied to a semiconductor storage device has been
decreasing. However, on the other hand, an increase in
the speed of reading of stored information from a memory
cell has been demanded. For example, in the conventional
non-volatile semiconductor storage device 11, reading of
stored information (data) from the memory cell can be
carried out as follows: the same voltage is applied to
the reference cell RC and a memory cell MCO from which
data is to be read out, and a difference between the values
of currents flowing through the memory cells RC and MCO
is sensed by a sense amplifier S§/A, which is formed by
a differential amplifier, whereby reading of data is

achieved.

In such a case, a risk of erroneous reading of data
can be avoided by starting a sensing operation after a
word line of a reference array and a word line for a memory

array reach a predetermined voltage. However, in many



to Figures 15 through 17. 15 In Figure 15, the left part shows a reference
cell RC of a non-volatile nenory such as a flash nenory, and the rig
shows anmenory cell MC of the non-volatile nenory. As shown in Figure 15, a
gate voltage VgsR, which 20 is applied to the reference cell RC, is

equivalent to a voltage output to a reference cell word Iine RALO of
Figure 9, and is also equivalent to a voltage output to a reference
word line RA\L of Figure 12. A current-1d8R-fl ows between a drain and source

of the - 23

reference cell RC. On the other hand, a gate voltage Vgs

which is applied to the nenory cell MC, is equivalent to a voltage o
to the nenory array nornmal word line MAL or the nenory array redundant word
line ReW of cagwsssa%rédasdida. iR reHd aticddis Mieovanbetweenaeh dévea and

source of the reference cell MC. Figure 16 shows a graph of the volt
| evel s VgsR aedavgsMod the l@téntyneeqdiifiedg untdd tthofwshed alinenp£10 t he
menory cells RC and MC, where the horizontal axis represents tine t,
vertical axis tieprefenencevarrageaand@tele Yorinlihe @ aple membay depagsents
the tine when a sensing operation starts (hereinafter, "sensing

5

<
10
15

C
20

reachadesiredvoltage. Thus, inalmostallof suchcases,
the senseamplifier S/Aisactivatedsoastobeginasensing
operationbeforebothof theaboveword iines reachadesired

voltage, whereby an increase in access speed is achieved.

However, in the conventional art of Figures 9
and 12, the potential of the reference cell word line RWL
rises prior to the rising of the potential of the memory
array normal word line MWL. This causes some problems,
which will be described in detail below with reference

to Figures 15 through 17.

In Figure 15, the left part shows a reference
cell RC of a non-volatile memory such as a flash memory,
and theright part shoﬁs amemorycell MCof thenon-volatile
memory. As shown in Figure 15, a gate voltage VgsR, which
is applied to the reference cell RC, is equivalent to a
voltage output to a reference cell word line RWLO of
Figure 9, and is also equivalent to a voltage output to
a reference cell word line RWL of Figure 12. A

current IdsR flows between a drain and source of the

ht part

cel l

M
ut put

age

and t he



start tinme"), and t(b) represents the time when both the 15 voltage |evel of
the reference cell word line RAL of the nenory cell RC and the voltage
| evel of the nenory array normal word Iine MAL of the nenory cell MC (or
the nenory array redundant word line ReW) reach a predeterm ned voltage
| evel . At sensing start tinme t(a), the voltage 20 | evel VgsR of the word
line of the reference cell RCis at the predeterm ned voltage |evel in
either of the exanples of Figures 9 and2$2? Part (a) of Figure 17 shows the
rel ationships - 24 between the gate voltages Vgs applied to the gate
el ectrodes of the reference cell RC and the nenory cell MC (horizontal
axis) and the currents Ids which fl ow between the source and drain of the
cells RC and MeflarmriceeaélaxRE). , Oh thespeltét hang, @ayatenrolfade oVgeMgure 16,
i.e., before the potential of the nenory array normal word line MAL or the
menory array mddwniddst appldeld he Rrélmenory aaklsMC,i bs égkigalent6toeaches
the predeterm ned voltage. 10 Part (b) of Figure 17 shows the relationships
bet ween t he g& wolthgegestpygt {ddlie memalryaarspyandrinhd wondrkivies MWE whi ch
fl ow between the source and drain of the cells RC and MC (vertical axis),
respectivel y, cat theimemoryamfaFirpdmdetit woerd laheeReWlicofEbgureas Bf the

5 and 12. A current IdsM flows between a drain and source

of the reference cell MC.

C Figure 16 shows a graph of the voltage levels VgsR
and VgsM of the word lines during reading of data from

10 the memory cells RC and MC, where the horizontal axis
represents time t, and the vertical axis represents

voltage level V. In this graph, t(a) represents the time

when a sensing operation starts (hereinafter, "sensing

start time"), and t(b) represents the time when both the

15 voltage level of the reference cell word line RWL of the
memory cell RC and the voltage level of the memory array

C normal word line MWL of the memory cell MC (or the memory
array redundant word line ReWL) reach a predetermined

voltage level. At sensing start time t(a), the voltage

20 level VgsR of the word line of the reference cell RC is

at the predeterminedvoltage level ineither of the examples

of Figures 9 and 12.

Part (a) of Figure 17 shows the relationships



15 nmenory array normal word line MAL or the nenory array redundant word
line ReWL which was set in Figure 16 has reached the predeterm ned voltage.
In the case where the amount of a current flowing 20 through the nenory
cell MC, fromwhich data is read out, is larger than that flow ng through
the reference cell RC, i. e. , in the case where the threshold of the
menory cell MC is lower than that of the reference cell RC, reading of
data fromthe nenory cell MC is adversel $4affected. This - 25 - case is
descri bed below. Inmediately after the sensing start tine t(a) shown in
Figure 16, the voltage VgsR of the reference cell 5 word line RAL which is
applied to the reference cell RCis generally at the predeterm ned voltage.

However, on texwddier thandgalte ¢atieayelst ags Vapiidfed heorebey gatay
normal word line MAL (or the nenory array redundant word |ine ReW) applied

to the gate ofelidier rodes wicehé fdEerddrye ¢81WhRChafatthe Memdriyece BAAMCI S
| ower than the word line voltage VgsR applied to the reference cell RC

(t(a); VgsR\(geMizdmtahiskicslsand tihe dhifegtiscIdd dhilch) fhewwbetwethe
current IdsR flow ng through the reference cell RC and the current |dsM
f1 ow ng throudhed seuneemnd deainbE the betdseRCand Mt [( vas tiessll dkesds shown
in part (a) of
5 respectively, at time t(a) of Figure 16, i.e., before the
potential of the memory array normal word line MWL or the
memory array redundant word line ReWL which was set in

C Figure 16 reaches the predetermined voltage.

1o Part (b) of Figure 17 shows the relationships
between the gate voltages Vgs (horizontal axis) and the
currents Ids which flow between the source and drain of
the cells RC and MC (vertical axis), respectively, at
time t(b) of Figure 16, i.e., after the potential of the

15 memory array normal word line MWL or the memory array
redundant word line ReWL which was set in Figure 16 has

C ‘ reached the predetermined voltage.

In the case where the amount of a current flowing

20 through the memory cell MC, from which data is read out,
is larger than that flowing through the reference cell RC,

i.e., in the case where the threshold of the memory cell MC

is lower than that of the reference cell RC, reading of

data from the memory cell MC is adversely affected. This



Figure 17. Thus, there is a possibility that the difference cannot be
correctly sensed by the sense anplifier S/A so that the storage device
results in an erroneous operation, e.g., unintended data is read out. 20
On the other hand, at time t (b) shown in Figure 16, both the word |ine

vol tage VgsR applied to the gate of the reference cell RC and the word |ine
vol tage VgsM applied to the gate of the nenory cell MC, fromwhich data -
26 is to be read, are at the sane predet2érm ned voltage (t (b) ;

VgsR=vgsM . In this case, the difference Alds (b) between the current |IdsR
flowi ng through the reference cell RC and the current 1dsM flow ng through
the nmenory cell MC5 is sufficiently large so that it can be correctly

sensed by theafSts aisetiBEaShA1oksS a result, intended data can be read
out wi thout causing an erroneous operation. C However, if unintended data

is once output 10 imediately after the sensing start tine (tinme t(a)), in
many cases, extra time is consuned until intended data 1is successfully

output. This extra ti mmmediotwigeagbey tmngsensefigaldtarmhenimer edendant
word line is selected, because as described above, a certain length of tine
IS shown in Figure 16, the voltage VgsR of the reference cell
5 word line RWL which is applied to the reference cell RC
is generally at the predetermined voltage. However, on
the other hand, the gate voltage VgsM of the memory array
c normal word line MWL (or the memory array redundant word
line ReWL) applied to the gate of the memory cell MC, from
10 which data is to be read, is lower than the word line
voltage VgsR applied to the reference cell RC (t(a):
VgsR>VgsM). Inthiscase, thedifference Alds(a) between
the current IdsR flowing through the reference cell RC
and the current IdsM flowing through the memory cell MC
15 becomes as small as possible as shown in part (a) of
Figure 17. Thus, there is a possibility that the
C difference cannot be correctly sensed by the sense
amplifier S/A so that the storage device results in an
erroneous operation, e.g., unintended data is read out.
20
On the other hand, at time t{(b) shown in Figure 16,
both the word line voltage VgsR applied to the gate of

the reference cell RC and the word line voltage VgsM

applied to the gate of the memory cell MC, from which data



15 required for switching froma normal word Iine to the redundant word
line. C SUVWWARY OF THE | NVENTI ON 20 According to one aspect of the present

i nvention, a sem conductor storage device includes: a nenory array
including a plurality of nmenory cells; a reference array including a
plurality of reference cells; a decoder section for selecting a nenory cel
fromthe nmenory cells and a 27 reference cell fromthe reference cells
based on address information; and a cong&rison/ output section f or
conparing a read voltage level fromthe nenory cell selected by the
decoder section and a read voltage level fromthe reference 5 cell selected
by the decoder section so as to output a result of the conparison in the

form of data, iMhes@idrbha, £6€4fns YenLpreaeteraneRs 10 gRUI E(B);
selection signal Cto a word line of the nenory cell and a sel ection signal

to a word |i nergafR4vgsN Ef ermnenig@tdse 1@hkrd Dfiee £8R6dI ABAK (Bf) hoEweERSENt
I nvention, the nenory array includes one or nore nenory cells respectively

connected to amorcEirewt didsRef16REngNEhebuGh @ e Ty Berartte Scé BEPRC i vel y
connected to a redundant word |i ne;
and the current IdsM flowing through the memory cell MC
5 is sufficiently large so that it can be correctly sensed
by the sense amplifier S/A. As a result, intended data

can be read out without causing an erronecus operation.

However, if unintended data is once output

10 immediately after the sensing start time (time t(a)), in
many cases, extra time is consumed until intended data

is successfully output. This extra time is considerably

long especially when a redundaht word line is selected,
because as described above, a certain length of time is

15 required for switching from a normal word line to the

redundant word line.

SUMMARY OF THE INVENTION

20 According to one aspect of the present invention,
a semiconductor storage device includes: a memory array
including a plurality of memory cells; a reference array
includingapluralityof reference cells; a decoder section

for selecting a memory cell from the memory cells and a



15 and the reference array includes a first reference cell whichis
conpared with the nenory cells connected to the normal word line, and a
second reference cell which is conpared with the menory cells connected to
the redundant word line. 20 In another enbodi nent of the present invention,
when the normal word line is selected, the decoder section selects a first
word line connected to the first reference cell sinultaneously with

sel ection of the normal word line; - 28 23na when the redundant word line is
sel ected, the decoder section selects a second word |ine connected to the
second reference cell sinultaneously with selection of the redundant word
line. 5 1n still another enbodi nent of the present invention, the decoder

section incl udesferferpe @51 PErom ¢BlCrBERLNR 8810Is0BakRl dRt £48+8589 Whi ch
of the nornal word line and the redundant word line is to be selected 10

based on addr s drmOF 164 | GRd fcHRpARH sWAGutpta: 68t 16h fo¥ebhpari R _
selecting the normal word |line according to the address information when it

: isnget er m ned 4 kad $61tAgeMBLVER! from NEhd MdnbBe el lesleadctad @gUpHaNt word
' decoder section and a read voltage level from the reference
5 cell selected by the decoder section so as to output a
result of the comparison in the form of data, wherein the
decoder section simultaneously outputs a selection signal
(:‘ to a word line of the memory cell and a selection signal
to a word line of the reference cell.
10
In one embodiment of the present invention, the
memory array includes one or more memory cells respectively
connected to a normal word line, and one or more memory
cells respectively connected to a redundant word line;
15 and the reference array includes a first reference cell
which is compared with the memory cells connected to the
C:- normal word line, and a second reference cell which is
compared with the memory cells connected to the redundant
word line.
20
In another embodiment of the present invention,
when the normal word line is selected, the decoder section

selects a first word 1line connected to the first reference

cell simultaneouslywithselectionof the normal wordline;



contr ol

section for selecting the redundant word |ine 15 according to the

address information when it is determned that the redundant word line is
to be selected; a first reference word line control section f or selecting

the f

i rst

word line when it is determined that the normal word |ine

be selected; and a second reference word |line control 20 section for
sel ecting the second word line when it is determned that the redundant

word line is to be sel ected.

i nventi on,
sel ect ed,
sel ection signal for the normal word |line or a signal indicating that the

normal word |idil whent ehbers@hrahfe, ward 1SRl GlsSsklechiedst twar debbigr USi N
5 as a trigger, the selection signal for the normal word |ine or the signal

i ndi cati ng thatedthiomeeTRictwatkdcaed vord Dihe cehretedd tndhehgacbhdi S
determ ned that the C redundant word line is to be sel ected,

ref erence

redundant word line or a signal

to be sel ect edecantiaet ewbsdt hénesecond word |line, using as a trigger,
sel ection signal for the redundant word line or the signal indicating that

O

5

10

15

20

In still another embodiment of the present
invention, the decoder section includes: a selection
determination section for determining which of the normal
word line and the redundant word line is to be selected
based on address information; a normal word line control
section for selecting the normal word line acceording to
the address information when it is determined that the
normal word line is to be selected: a redundant word line
control section for selecting the redundant word line
according to the address information when it is determined
that the redundant word line is to be selected: a first
referenceword line control section for selecting the first
word line when it is determined that the normal word line
is to be selected: and a second reference word line control
section for selecting the second wdrd line when it is

determined that the redundant word line is to be selected.

In still another embodiment of the present

invention, when it is determined that the normal word line

t he second

wontk fid reneeoniced]l seLinliliaheorisies withl asdiedt so8nE f ehe 10 the
i ndi cating that the redundant word line is

isto

In still ~a@8t rer enbodi nent of the present
when it is determned that the normal word line - 29 is to be
the first reference word line control section receives a

t he



the redundant word line is to be selected. 15 In still another enbodi nent of
the present invention, a first test signal can be input to the first
reference word line control section, and the first reference cell is
enforcedly selected in response to the 20 first test signal; and a second
test signal can be input to the second reference word |line control section,
and the second reference cell is enforcedly selected in response to the
second test signal. - 30 In still anothéP enbodi nent of the present

i nvention, an address transition detection signal, which is output in
response to detection of a change in the address information, can be input
to both the first reference word 5 |ine control section and the second

reference wordsl tBebeCo8lE8te8ECthaNt AR MOLEréhEe HIGF@SPLAS aPSh£1ET
detection signal is input, control of reference word lines can be C

performed. 10skktsidn lretiitviey £HEdEMEGn Hidhel PFEE e nowmraliwerat he
first reference cell and the second reference cell are set to the sane

threshol d val uane Brshi $igaact iraieakadigreRhtothehgopinasenbraldinavest i on,
the first reference cell and the second
to be selected, and selects the first word line, using
5 as a trigger, the selecticon signal for the normal word.
line or the signal indicating that the normal word line

is to be selected; and when it is determined that the

redundant word 1ine is to be selected, the second reference

O

word line control section receives a selection signal for
10 the redundant word line or a signal indicating that the
redundant word line is to be selected, and selects the
second word line, using as a trigger, the selection signal
for the redundant word line or the signal indicating that

the redundant word line is to be selected.

15

In still another embodiment of the present
C:. invention, a first test signal can be input to the first
reference word line control section, and the first
reference cell is enforcedly selected in response to the
20 first test signal; and a second test signal can be input
to the second reference word line control section, and
the second reference cell is enforcedly selected in

response to the second test signal.



reference cell are commonly connected to the sane bit line. In still another
enbodi nent of the present invention, the |oad capacitance of a first word
line 20 connected to the first reference cell and the | oad capacitance of a
second word line connected to the second reference cell are equal to the

| oad capacitance of the normal word line and the | oad capacitance of the
redundant word line, respectively. Alternatively, the load 31 capacitances
of the first word Iine, the second word BOne, the norrmal word line and the
redundant word line nmay be equal. 5 According to another aspect of the
present invention, there is provided an information apparatus for
performng a data read operation using one of the above C sem conductor

storage devices. 10 Ar:rnopgrtatlilonalat:thla% apaveadaesd be¢ SEhectﬂ{—ésgBt the

present invention is described below. In the case of reading data froma

desired menoryinvéition] #h BEEFRsEdnsiReoniketBitS oM 18nhadURHBH Wor d
15 line, is selected, the potential of the word line of a reference array

rises simultangpetpudliiirédfohBe t/@6bE80i ald 08 cdyaifidlRCid@ResEoNnal
for selecting the normal word line of the nenory array. Alternatively, if
information, can be input to both the first reference word
5 line control section and the second reference word line
control section; and when the address transition detection

signal is input, control of reference word lines can be

C performed.

10 In still ancther embodiment of the present
invention, the first reference cell and the second

reference cell are set to the same threshold value.

In still another embodiment of the present
15 invention, the first reference cell and the second

reference cell are commonly connected to the same bit line.

In still another embodiment of the present

invention, the load capacitance of a first word line

20 connected to the first reference cell and the load
capacitance of a second word line connected to the second
reference cell are equal to the load capacitance of the
normal word line and the load capacitance of the redundant

word line, respectively. Alternatively, the load



the redundant word line is selected, the potential of the 20 word line of a
reference array |likew se rises simultaneously with and in synchronization
with a selection signal for selecting the redundant word line of the

menory array. - 32 Since the potential of the word line of the reference
cell and the potential of the word Iine of the nenory cell, fromwhich data
is to be read, rise sinmultaneously in synchronization with each other.

Thus, 5 in the case of reading data from3lhe nmenory cell, it is not

necessary to wait for both of the word lines reaching a predeterm ned
voltage level. As a result, a read access Ctinme can be further shortened
W t hout causing an erroneous operation. Due to such an inprovenent of the

data readi ng dJddb&@Etancast@nNThder 2bEe WS NGBt B @t @Y cxeL i ae-
Further, the | oad capacitances of the first and second word |'ines of the

reference arraghé@rormediwénl 1iRetfngetRé ogunaait! worad1linkemagdpe
redundant word line 15 of the nenory array, respectively. Thus, the rising

edges of the ggpie&ntials of the word Iines occur at the same tinme, and
accordingly, a read access tinme can be further shortened w thout causing an
erroneous operation. 20 Furthernore, a sem conductor storage device of the
5 According to another aspect of the present
invention, there is provided an information apparatus for

performing a data read operation using one of the above

C semiconductor storage devices.

10 An operation of the above-described structure of

the present invention is described below.

In the case of reading data from a desired memory

cell, if a normal word line, which is not a redundant word

15 line, is selected, the potential of the word line of a
reference array rises simultaneously with and in

C synchronization with a selection signal for selec¢ting the
normal word line of the memory array. Alternatively, if

the redundant word line is selected, the potential of the

20 word 1line of a reference array likewise rises
simultaneously with and in synchronization with a

selection signal for selecting the redundant word line

of the memory array.



present invention can readily be applied to an information apparatus. Thus,
In a data read operation, high-speed data reading can be achieved. - 33
Thus, the invention described herein nakes possible the advantages of
providing (1) a sem conductor storage device wherein a read access tinme can
be shortened w thout causing an erroneous operation, and (2) an 5
I nformati on apparatus using such a sem conductor storage device. These and
ot her advantages of the present invention_ wll becone apparent to those
skilled in the art upon reading 10 and dddérstanding the fol | owing detail ed
description wwth reference to the acconpanying figures. BRI EF DESCRI PTI ON
OF THE DRAWNGS 15 Figure 1 is a block diagram show ng an exenplary basic
structure of a non-volatile sem conductor storage device according to an
enbodi ment of the presdmice nthat ipptentiglir ef2 tlse awblrackltlnagrefim shew ng an
exenplary 20 specific structure of the non-volatile sem conductor storage
devi ce of Fi guefererneeywel B armd dhed poutien ti sy reeintleowomrgl dispeoiff the
exanple of the reference word line control circuit used - 34
memory cell, from which data is to be read, rise
simultaneously in synchronizationwith each other. Thus,
5 in the case of reading data from the memory cell, it is
not necessary to wait for both of the word lines reaching
a predetermined voltage level. As aresult, a read access
C‘ time can be further shortened without causing an erroneous
operation. Due to such an improvement of the data reading

10 speed, a considerable sensing margin can be secured.

Further, the load capacitances of the first and
second word lines of the reference array are identical
to those of the normal word line and redundant word line

15 of the memory array, respectively. Thus, the rising edges
of the potentials of the word lines occur at the same time,
C: andaccordingly, aread access time can be further shortened

without causing an erroneous operation.

20 Furthermore, a semiconductor storage device of the
present invention can readily be applied to an information
apparatus. Thus, in a data read operation, high-speed

data reading can be achieved.



for selection of normal word lines and the reference word |ine control
circuit used for selection of redundant word I|ines of Figure 2. 5 Figure 4
is a circuit diagram show ng another specific exanple of the reference word
line control circuit wused for selection of normal word lines and the
reference word line control circuit used for selection of redundant word
lines of Figure 2. 10 Figure 5 is a block diagram show ng a prinmary part of
a menory array word |ine control circurt3dnd a reference array word |ine
control circuit of the non-volatile sem conductor storage device of Figure
2. 15 Figure 6 is a timng chart illustrating a word line selection
operation when a nornmal word line is selected in the non-volatile

sem conduct or storage Téers Ce t¥fe FRingtdret Yon 2QAdd gl ved ilepeihn igkehart
illustrating a word line selection operation when a redundant word line is

selected in tdussible dha aldeahdgeenddchooviddnagelfesigambiondugtioe 2. -
35
storage device wherein a read access time can be shortened
without causing an erroneous operation, and (2) an

5 information apparatus using such a semiconductor storage

device.

C These and other advantages of the present invention
will become apparent tothoseskilledin the artuponreading
10 and understanding the following detailed description with

reference to the accompanying figures.
BRIEF DESCRIPTION OF THE DRAWINGS

15 Figure 1 is a block diagram showing an exemplary
basic structure of a non-volatile semiconductor storage

C device according to an embodiment of the present invention.

Figure 2 is a block diagram showing an exemplary
20 specific structure of the non-volatile semiconductor

storage device of Figure 1.

Figure 3 is a circuit diagram showing a specific

example of the reference word line contrel circuit used



Figure 8 is a block diagram showi ng an exenplary basic structure of a
conventional non-volatile sem conductor storage device. 5 Figure 9 is a

bl ock di agram showi ng an exenplary specific structure of a conventi onal
non-vol atile sem conductor storage device. 10 Figure 10 is a timng chart
illustrating a word |ine selection operation when a non-redundant, nenory
array normal word line is selected in the non-volatile sem conductor
storage device of Figure 9. 15 Figure t134% -a timing chart illustrating a
word |ine selection operation when a redundant word line is selected in

t he non-vol atil e sem conductor storage device L. of Figure 9. 20 Figure 12
Is a block diagram show ng anot her exenplary specific structure of a

conventional fon-sedleaitiich sFheendloyordst Diegarnetierefegenzeldord a
timng chart illustrating a word - 36 |ine selection operation when a
non-r edundant ,1iresraon trarl ey reoitlsedr fot isel dct Soh edft gedundant word
non-vol atile sem conductor storage device of Figure 12.

~ lines of Figure 2.

5 Figure 4 is a circuit diagram showing another
specific example of the reference word line control circuit
used for selection of normal word lines and the reference

C : word line control circuit used for selection of redundant
word lines of Figure 2.
10
Figure 5 is a block diagram showing a primary part
of a memory array word line control circuit and a reference
array word line control circuit of the non-volatile
semiconductor storage device of Figure 2.
15
Figure 6 is atimingchart illustratingawordline
C:. selection operation when a normal word line is selected
in the non-volatile semiconductor storage device of
Figure 2.
20
Figure 7 is a timingchart illustratingawordline
selection operation when a redundant word 1line is selected
in the non-volatile semiconductor storage device of

Figure 2.



5 Figure 14 is a timng chart illustrating a word |ine selection operation
when a redundant word line is selected in the non-volatile sem conductor
storage device C of Figure 12. 10 Figure 15 shows the control voltage and
driving current in each of a reference cell and a nenory cell during a

data read operation. Figure 16 illustrates a sensing timng with 15 respect
to the rising of the potential of a reference cell word line and the
potential of a nenory array nornmal word 35 -1line (or a nenory array

redundant word line). Figure 17 shows the currents flow ng through a 20
menory cell and a reference cell at tinet (a) in Figure 16 (part (a) of
Figure 17) and at tinme t(b) in Figure 16 (part (b) of Figure 17). Figure 18
is a block diagram showing a basic 37 structure of an information apparatus
including a sem conductor storage device of the present invention.

DESCRI PTION OF THE PREFiRRRD £MROR MEVER 8ikgtamnshokthg aADELEMBIREyOl the
present invention wll be described with reference to the drawings. In an

C exanpl e deswashibsl baltawctdee pr @Fent ai NvesiveRtisnapp! igén-volatile

semiconductor storage device.

Figure 9 is a block diagram showing an exemplary
specific structure of a conventional non-volatile

(:7 semiconductor storage device.

10 Figure 10 is a timing chart illustrating a word
line selection operation when a non-redundant, memory
array normal word line is selected in the non-volatile

semiconductor storage device of Figure 9.

15 Figure 11 is a timing chart illustrating a word
line selection operation when a redundant word line is

selected in the non-volatile semiconductor storage device

O

of Figure 9,
20 Figure 12 is a block diagram showing another
exemplary specific structure of a conventional

non-volatile semiconductor storage device.

Figure 13 is a timing chart illustrating a word



to a non-volatile sem conductor device used in an 10 information apparat us.
Figure 1 is a block diagram showi ng an exenplary basic structure of a
non-vol atil e sem conductor storage device according to an enbodi ment of the
present invention. 15 In Figure 1, the non-volatile sem conductor r
storage device 20 includes: a nenory cell array RA having a plurality of
reference cells RCO and RClL (hereinafter, referred to as a "reference array
RA"); a menory cell 20 array MA (herei mafffer; referred to as a "menory array
MA") which is a data storage region and is a nain array of the storage
devi ce 20; a conparison/output section 21, such as a sense anplifier S/A
formed by a differential anplifier; and a decoder section 22 for selecting
- 38 predet ernmedsaieety oteldperdit ich ewRBAE aCldn EsdEn @an &) mehpaty
address signal ADD. In the reference array RA, at least two reference 5
cell word |inesrvasgdndomaleadirag 1daled ifsy e lidieté@®f b etis€ nanreplBAigey. , t he
word lines RALO and RWALI, are provided. The reference cell word line RALO
and RAL1 are coembctrduCtbr stioratyecaloeids T hgdrCl2.respectively. The
reference cells RCO and RCl1 are commonly connected to the

5 Figure 14 is a timing chart illustrating a word
line selection operation when a redundant word line is

selected in the non-volatile semiconductor storage device

'c:‘ of Figure 12.

10 Figure 15 shows the control voltage and driving
current in each of a reference cell and a memory cell during

a data read operation.

Figure 16 illustrates a sensing timing with
15 respect to the rising of the potential of a reference cell
word line and the potential of a memory array normal word

line (or a memory array redundant word line).

O

Figure 17 shows the currents flowing through a
20 memory cell and a reference cell at time t(a) in Figure 16
{part (a) of Figure 17) and at time t(b) in Figure 16

{(part (b) of Figure 17).

Figure 18 is a block diagram showing a basic



10 bit line RBL and have the same threshold value. The reference cell word
line RALO is activated when a non-redundant nenory array normal word |ine
MAL (described later) of the nmenory array MA is selected, and the reference
cell word line RAL1 is activated when a nmenory array 15 redundant word |ine
ReW. (described later) of the nmenory array MA is selected. C The nenory
array MA forns an information storage region and generally includes a
plurality of menory 20 cells MC as storé%e'el enents arranged in a matrix

al ong the row and colum directions. Herein, only a nenory cell MO for
data storage and a redundant nmenory cell MZ which is provided for
substituting the nenory cell MCO are illustrated for the sinplicity of
description. FIxrddear@ns§ adn Ainesrmatiehd apperd¥bsi sisenaashed ho the
gate of the nenory cell NCO, and the nenory array redundant wordline ReW
i s connected tsenmimomgdhetof sberagavagvice lofMihe Preskmt neneénthenenory
cells MCO and MCI are 5 comonly connected to a bit line MBL. The

conpari son/ out put section 21 conpares the C read voltage (or current) |evel
of the menory cell MCO (or M) selected by the decoder section 22 with the
read DESCRIPTION OF THE PREFERRED EMBODIMENTS

Hereinafter, embodiments of the present invention
will be described with reference to the drawings. 1In an

example described below, the present invention is applied

O

to a non-volatile semiconductor device used in an

10 information apparatus.

Figure 1 is a block diagram showing an exemplary
basic structure of a non-veolatile semiconductor storage
device according to an embodiment of the present invention.

15
In Figure 1, the non-volatile semiconductor
C storage device 20 includes: a memory cell array RA having
a plurality of reference cells RCO and RC1l (hereinafter,
referred to as a "reference array RA"); a memory cell
20 array MA (hereinafter, referred to as a "memory array MA")
which is a data storage region and is a main array of the
storage device 20; a comparison/output section 21, such
as a sense amplifier S/A formed by a differential

amplifier; and a decoder section 22 for selecting



10 voltage (or current) level of the reference cell RCO (or RCl) selected
by the decoder section 22, and outputs data which represents a result of
the conparison. Specifically, the sense anplifier S/A for exanple,

applies the sane gate voltage to both the nmenory cell MCO 15 (or M) and
the reference cell RCO (or RCl) selected by the decoder section 22, and
anplifies a difference between the values of the electric currents flow ng
through the menory cell MOO (or MCl) and8the reference cell RCO (or RCl),
and outputs the result of anplification in the 20 formof data. In the case
of selecting the nenory array normal word |line MAL, the decoder section 22
selects the reference cell word line RALO (first word |ine) connected - 40

to the referenmedetérmMRedtimgndbercal l andedRimencaldelyl bayddbnvand | ine
MAL. In the case of selecting the nenory array redundant word |ine ReW,

t he decoder secaipwih &2dreekestignklle ADgf.erence cell word |ine RAL1 (second
word 5 line) connected to the reference cell RCl, together with the nenory
array redundant word line ReW.. That is, the decoder section 22
si mul t aneously and synchronously C outputs selection signals to both the
word lines MAL and R@WmOtherré&Edtennd a4y RA, tdie Leasdr ywoetef&fenter
5 cell word lines used for reading data from the reference
array RA,e.g., thewordlines RWLO and RWL1, are provided.
The reference cell word line RWLO and RWL1l are connected
c:: to reference cells RCO and RCl, respectively. The
reference cells RCO and RC1 are commonly connected to the
10 bit line RBL and have the same threshold wvalue. The
reference cell word line RWLO 1is activated when a
non-redundant memory array normal word line MWL (described
later) of thememoryarray MAisselected, and thereference
cell word line RWL1l is activated when a memory array

15 redundant word line ReWL (described later) of the memory

array MA is selected.

The ﬁemory'array MA forms an information storage

region and generally includes a plurality of memory

20 cells MC as storage elements arranged in a matrix along
the row and column directions. Herein, only a memory

cell MCO for data storage and a redundant memory cell MC1l
which is provided for substituting the memory cell MCO

are illustrated for the simplicity of description.



10 MCl) and the reference cell RCO (or RCl) so as to raise the word |ine
potentials, such that the timngs of reading of data fromthe nenory cel
MCO (or MClI) and the reference cell RCO (or RCl) are concurrent and
synchronous. 15 Thus, since the timngs of reading of data from the nenory
cell MCO (or MCi) and the reference cell RCO (or RCl) are synchronized, it
IS not necessary for the reading of data fromthe nenory cell MCO (or M)
to consune extra tinme until when both-tR3® potentials of the word 20 |ines
MAL and RWLO (or ReW. and RAL1) reach a predeterm ned voltage | evel, which
Is required in a conventional device. Further, a data read operation can
be performed w thout causing an erroneous operation even when both the

potential s of THe menory akeaydhermadi werd-1ide MREIBHEdrifedad tacenes time
is shortened. Aspecific exanple of a non-volatile sem conductor storage

devi ce 20 accaydliegftithé memprgsealli HEONtdd the mémotwadesss réadndkhit
reference to Figures 2 through 7. Figure 2 is a block diagram show ng an

exenplary C speedflinet ReWLuris ddorinected- 16! thiel gatr ebntiveét memosyor age
device 20 of Figure 1. 10 In Figure 2, a non-volatile sem conductor storage
cell MCl. The drains of the memory cells MCO and MCl are

5 commonly connected to a bit line MBL.

The comparison/output section 21 compares the

(:: read voltage (or current) level of the memory cell MCO
(or MC1) selected by the decoder section 22 ﬁith the read

10 voltage (or current} level of the reference cell RCO

(or RC1l) selected by the decoder section 22, and outputs

data which represents a result of the comparison.
Specifically, the sense amplifier S/A, for example,

applies the same gate voltage to both the memory cell MCO

15 (or MCl) and the reference cell RCO (or RCl) selected by

the decoder section 22, and amplifiesadifference between

the values of the electric currents flowing through the

O

memory cell MCO (or MCl) and the reference cell RCO
(or RC1l), and outputs the result of amplification in the

20 form of data.

In the case of selecting the memory array normal
word line MWL, the decoder section 22 selects the

reference cell word line RWLO (first word line) connected



device 30, which is an exenplary specific structure of the non-volatile
sem conduct or storage device 20, includes: a reference array RA a nenory
array MA, an 15 address transition detection circuit ATD, a normal word

| i ne predecoder XRDEC, a normal word |line decoder (normal r word |ine
control section) XDEC, a normal word line selection signal transition
detection circuit XREGS, a redundant word |ine predecoder XPRDEC, a
redundant word 20 |ine decoder (redundarkQ viord |ine control section) XRDEC
a redundant word line selection signal transition detection circuit XREDS
a bit line decoder YDEC, swtching sections YSM and YSR (hereinafter "bit
line selection transistors YSM andYSR'), asense anplifier S/TA - 42 as the

conpari son/ outpeittiregeifetehkbe EdUrRC)  t Fge tRELNEIEE VMY thelriolsy aewayol
circuit RREGU used for selection of normal word lines (first reference word

line control msechadijordline MELEr edpetN®ichdd 6€ LONéEDind g membrREDU
used for selection of redundant word lines (second reference word |ine

control secti capra¥heedenddat wesed ldme? ReWL Fitdie addcodetosaetdiby ize
followi ng elements C shown in Figure 2: the normal word |ine predecoder
XPDEC, the nosebhéctsrthéi nefdeeader celdr madrdwirihe i RELEo(seocbndl@oxdct i on)
XDEC, the normal word |ine selection signal
5 line) connected to the reference cell RCl, together with
the memory array redundant word line ReWL. That is, the
decoder section 22 simultaneously and synchronously
C outputs selection signals to both the word lines MWL
and RWLO (or ReWL and RWL1l) of the memory cell MCO (or
10 MCl) and the reference cell RCO (or RCl) so as to raise
the word line potentials, such that the timings of reading

of data from the memory cell MCO {(or MC1l) and the reference

cell RCO (or RCl) are concurrent and synchronous.

15 Thus, since the timings of reading of data from

the memory cell MCO (or MCl) and the reference cell RCO

C: (or RC1l) are synchronized, it is not necessary for the
reading of data from the memory cell MCO {or MC1l) to consume

extra time until when both the potentials of the word

20 lines MWHL and RWLO (or ReWL and RWL1) reach a

| predetermined voltage level, which is required in a
conventional device. Further, a data read operation can

be performed without causing an erroneous operation even

when both the potentials of the word lines are rising,



transition detection circuit XREGS, the redundant word |ine predecoder
XPRDEC, the redundant word |ine decoder (redundant word |ine control
section) XRDEC,the redundant word line selection signal transition
detection circuit 15 XREDS, the bit |ine decoder YDEC, the bit |ine
selection transistors YSMand YSR, the reference word line control r
circuit RREGQU used for selection of normal word |ines, and the reference
word line control circuit RREDU used fordketection of redundant word |ines.
20 In the reference array RA, a reference cell word Iline (first word line)
RW.O is connected to the gate of the reference cell (first reference cell)
RCO, and a reference cell word line (second word line) RAL1 is - 43

connected to thRegaby ehe! hRadElRIWS €ahé {5espbétenlgerence cell) RCL.
Abitline RBL is commpnly connected to the drains of the reference cell RCO

and RC1, and a source line RHS is commonly connected to the sources of 5
the reference cell RCO and RCL. In the nenory array MA, a nenory array

normal word C |line MK specd@irecksfiple df'® noal-&clfatiilee BB ey n@RIdt IVCO
and a nmenory array redundant word line ReW. is connected 10 to the gate of
the menory cel $tdFageAdbiriicki 2@ EBoordling to the present invention is

5 now described with reference to Figures 2 through 7.

Figure 2 is a block diagram showing an exemplary
c: specific structure of the non-volatile semiconductor
storage device 20 of Figure 1.
10
InFigqure 2, ancon-volatile semiconductor storage
device 30, which is an exemplary specific structure of
the non-volatile semiconductor storage device 20,
includes: a reference array RA, a memory array MA, an
15 address transition detection circuit ATD, a normal word
line predecoder XPDEC, a normal word line decoder (normal
C: word line control section) XDEC, a normal word line
selection signal transition detection circuit XREGS, a
redundant word line predecoder XPRDEC, a redundant word
20 line decoder (redundant word line control section) XRDEC,
a redundant word line selection signal transition
detection circuit XREDS, a bit line decoder YDEC,
switching sections ¥YSM and ¥YSR (hereinafter "bit line

selectiontransistors ¥YsMand¥YSR"), asenseamplifier S/A



commonly connected to the drains of the nmenory cell MCO and MCl, and a
source line MHS is comonly connected to the sources of the nenory cell MCO
and MCI. The source |lines RHS and MHS are generally naintained at a ground
15 level, but controlled to be at a different | evel when the storage device
Is in a special node, such as a test node or the like. For exanple, in a
del etion node, the source lines RHS and VHS are at a high voltage |evel. 20
The | oad capacitances of the reference cell word |ines RALO and RALL1, the
menory array normal word line MAL, and ﬁﬁb'hennry array redundant word |ine
ReW. are set to the sane (or substantially the sanme) | oad capacitance such
that the rising tinmes of the potentials of these word lines - 44 - becones
equal . The address transition detection circuit ATD receives an address
signal ADD andasm cthe eccabparisgniouCphut Sebiiadd2zEss(Figusetlon datection
circuit ATD has a plurality of address signal |ines. Wen at |east one of
t he address singféreénpes wordsiltinems conteol wedmcutidc RREGEsisseidyn&brADD i s
i nput), or when the chip enable signal CE# decreases to the ground |level, a
requi red pul sesdectypnliof aogmalaverddlines (dfiiabs e e rangmWwa3@ M inkgi ch is
al so an address transition detection signal, is output
control section), and a reference word line control
5 circuit RREDU used for selection of redundant word lines
(secondreference word line control section). The decoder
section 22 of Figure 1 is formed by the following elements
C shown in Figure 2: the normal word line predecoder XPDEC,
the normal word line decoder (normal word line control
10 section) XDEC, the normal word line selection signal
transition detection circuit XREGS, the redundant word
line predecoder XPRDEC, the redundant word line decoder
{redundant word line control section) XRDEC, the redundant
word line selection signal transition detection circuit
15 XREDS, the bit line decoder ¥YDEC, the bit line selection
transistors YSM and YSR, the reference word line control
(:’ circuit RREGU used for selection of normal word lines,
and the reference word line control circuit RREDU used
for selection of redundant word lines.
20
In the reference array RA, a reference cell word
line {(first word line) RWLO is connected to the gate of
the reference cell (first reference cell) RCO, and a

reference cell word line (second word line) RWL1l is



to the normal word |ine predecoder XPDEC, the redundant word line
predecoder XPRDEC, the reference word line control circuit RREGUJ used for
sel ection of normal word 15 lines, and the reference word |ine control
circuit RREDU used for selection of redundant word |lines. Further, the r
address transition detection circuit ATD outputs a sense anplifier enable
signal SAEN, as another required pulse signal, to the sense anplifier S/ A
20 The normal word |ine predecoder XPDEC%3eceives the address signal ADD
and the word line enable ATD signal SPW as well as a redundancy

determ nation signal MD. When the normal word |ine predecoder XPDEC
receives the word - 45 |ine enable ATD signal SPWbut does not receive the
redundancy detarmmewtedntsi griaé MRAtel hef nehenl rebetehiae cariedesadenaXPDEC
outputs a norrmal word line selection signal SX based on the received
address si gnalrefidremnce keld )n®Ctal Wit line @BIoilecoXbiodlandohhecnednal
word line selection signal transition detection circuit XREGS. The nor nal
word | i ne decdoertBERXainpovfr tHebyeferedees daldgeRGWandrReb; dahdnas. The
normal word line 10 decoder XDEC receives the normal word |ine selection
signal SX fromaurceicking RES dis i cempoeliycoorneXPBPHCLoahtde sources of

5 the reference cell RC0O and RC1.

In the memory array MA, a memory array normal word

C line MWL is connected to the gate of the memory cell McCO,
and a memory array redundant word line ReWL is connected

10 to the gate of the memory cell MCl. A bit line MBL is
commonly connected to the drains of the memory cell MCO

and MCl, and a source line MHS is commonly connected to

the sources of the memory cell MCO and MC1l. The source

lines RHS and MHS are generally maintained at a ground

15 level, but controlled to be at a different level when the
storage device is in a special mode, such as a test mode

C or the like. For example, in a deletion mode, the source

lines RHS and MHS are at a high voltage level.

20 The load capacitances of the reference cell word
lines RWLO and RWL1, thememory array normal word 1ine MWL,
and the memory array redundant word line ReWL are set to
the same (or substantially the same) load capacitance such

that the rising times of the potentials of these word lines



outputs a voltage to a predeterm ned nenory array normal word |ine MAL
(raises the potential of the word line MAL) according to the normal word
line selection signal SX, 15 thereby selecting the predeterm ned nmenory
array normal word line MAL. C The redundant word |ine predecoder XPRDEC
recei ves the address signal ADD, the word |ine enabling 20 ATD signal SPW
and a redundant word |ine address signal BADD. The redundant word |ine
predecoder XPRDEC perfornms redundancy “déermni nati on based on the address
signal ADD, and outputs a redundancy determ nation signal MD to the nornmal
word |ine predecoder XPDEC, and - 46 a redundant word |ine selection signal
RX to the redundant word |ine decoder XRDEC and the redundant word |ine
sel ecti on sigregdcémagsequan.detection circuit XREDS. 5 The redundant word
| i ne predecoder XPRDEC and the normal word |line predecoder XPDEC fornms a
selection determ nation section. The selection determ nation C section
determ nes based on the address signal ADD which of the predeterm ned
menory array normal withe | addrdds t@aasdttion ndabegtdomayciedundaddTdwor d
line ReWL is to be selected. For exanple, according to this enbodi nent, the
receives an address signal ADD andachipenable signal CE#.
5 The address transition detection circuit ATD has a
plurality of address signal lines. When at least one of
the address signal lines transitions (i.e., when the
c:- address signal ADD is input), or when the chip enable
signal CE# decreases to the ground level, a required pulse
10 signal, e.g., a word line enable ATD signal SPW, which
is also an address transition detection signal, is output
to the normal word line predecoder XPDEC, the redundant
word line predecoder XPRDEC, the reference word line
control circuit RREGU used for selection of normal word
15 lines, and the reference word line control circuit RREDU
used for selection of redundant word lines. Further, the
C address transition detection circuit ATD outputs a sense
amplifier enable signal SAEN, as another required pulse
signal, to the sense amplifier S/A.
20
The normal word line predecoder XPDEC receives the
address signal ADD and the word line enable ATD signal SPW

as well as a redundancy determination signal MD. When

the normal word line predecoder XPDEC receives the word



redundant word |ine predecoder XPRDEC determ nes based on the address
signal ADD whether or not a nenory array normal word |line MAL sel ected
based on the nornmal word 15 line selection signal SX fromthe normal word
| ine predecoder XPDEC needs to be replaced with the predeterm ned nenory
array redundant word line ReW.,, and only when such replacenent is
necessary, the redundant word |ine predecoder XPRDEC i ssues a redundancy 20
determ nation signal MD to the nornmal word |ine predecoder XPDEC. In
response to the redundancy deterninatroﬁssrgnal MD fromthe redundant word
| i ne predecoder XPRDEC, the normal word |ine predecoder XPDEC cancels the
out put of the normal word line selection - 47 signal SX. On the other hand,
t he redundant word |ine predecoder XPRDEC out puts a redundant word |ine
sel ection si gridle R¥nAbles ARt shgnialie SAWObyt ardoms redundasde iwas dthki ne
ReW.. 5 The redundant word |ine decoder XRDEC is powered by the node
vol t age HW f aredwndandéyaistdmmimat ioneigal éddinddre noonchl woeddédnder
XRDEC receives a redundant word |ine selection signal RX fromthe redundant
word |ine 10 gredreeder XPPEECoudpdtcutpunsrmalowoage tina selection
signal SX based on the received address signal ADD to the
5 normal word line decoder XDEC and the normal word line

selection signal transition detection circuit XREGS.

c: | The normal word line decoder XDEC is powered by
a node voltage HWL for word lines. The normal word line

10 decoder XDEC receives the normal word line selection
signal S8X from the normal word line predecoder XPDEC, and

outputs a voltage to a predetermined memory array normal

word line MWL {raises the potential of the word line MWL)

according to the normal word line selection signal SX,

15 thereby selecting the predetermined memory array normal

word line MWL.

The redundant word 1line predecoder XPRDEC

receives the address signal ADD, the word line enabling

20 ATD signal SPW, and a redundant word 1line address
signal BADD. The redundant word line predecoder XPRbEC
performs redundancy determination based on the address
signal ADD, and outputs a redundancy determination

signal MD to the normal word line predecoder XPDEC, and



predeterm ned nenory array redundant word line ReW. (raises the potenti al
of the word line ReW.) according to the redundant word |ine selection

signal RX, thereby

sel ecting the predeterm ned nenory array redundant word

15 line ReW.. One output termnal of the bit Iine decoder YDEC is connected

to a bit line select
sel ection gate line

lon gate line RYSEL for reference array. The bit line
RYSEL 20 is connected to a gate el ectrode of the bit

line selection transistor YSR The otheréutput terminal of the bit line
decoder YDEC is connected to a bit line selection gate |ine MYSEL for
menory array. The bit line selection gate line MYSEL is connected to a gate

el ectrode of the bit

- 48 line selection transistor YSM The bit |ine

decoder YDEC peehondant #8£ads mPdeeaklc?lo0sighheCRXNE ke F8EARARRE array
bit line RBL and any nenory array bit |line MBL based on the input address

signal ADD. 5 widwed bilinkl n@es868£t KROEC 215d SkBleS r&HuAa8nYSMors®! e8he based
on a selection signal fromthe bit line C decoder YDEC, any of a plurality

of bit lines REllédtibr EehARTINEaRTINIIA ddEe@VoRf carliitakrEDSOf bit
lines MBL 10 in the nmenory array MA, whereby connecting the sel ected

5

C
10
15

C
20

The redundant word line predecoder XPRDEC and the
normal word line predecoder XPDEC forms a selection
determination section. The selection determination
section determines based on the address signal ADD which
of the predetermined memory array normal word line MWL
and the memory array redundant word line ReWL is to be
selected. For example, according to this embeodiment, the
redundant word line predecoder XPRDEC determines based
on the address signal ADD whether or not a memory array
normal word line MWL selected based on the normal word
line selection signal SX from the normal word line
predecoder XPDEC needs to be replaced with the
predetermined memory array redundant word line ReWL, and
only when such replacement is necessary, the redundant
word line predecoder XPRDEC 1issues a redundancy
determination signal MD to the normal word line
predecoder XPDEC. In response to the redundancy
determination signal MD from the redundant word line
predecoder XPRDEC, the normal word line predecoder XPDEC

cancels the output of the normal word line selecticn



bit lines RBL and MBL respectively to the input termnals of the sense
anplifier SIA. That is, the bit line selection transistor YSR connects an
end of any of the bit Iines RBL of the reference array RA to one of the

i nput 15 term nals of the sense anplifier S/A. The bit line selection
transi stor YSM connects an end of any of the bit |lines MBL of the nmenory
array MA to the other input termnal of the sense anplifier S/A 20 The
sense anplifier SIAis activated in respd¥se to receipt of the sense
anplifier enable signal SAEN from the address transition detection circuit
ATD, and outputs a result of a sensing operation through a Iine SAQUT. That
I's, the sense anplifier S/A anplifies a difference between - 49 the val ues

of the electrigigidlesxs foRWRE éPhePIRahlle tHRIWeawfddnMGbLar 1Mré) and
the reference cell RCO (or RCl), and outputs the result of anplification in

the formof datededodbe XPRBECNRELYWES al F8QuARAKEGIoEA NG sBRES 8aed for
sel ection of normal word lines recelves: the node C voltage HAL for word

lines; the worgidna® RRabbi Nge X sh§Nehe Aoty t £BLagoheighaahnabr&TEN, a
normal word line 10 selection control signal SDM for controlling the nmenory

line ReWL.

The redundant word line decoder XRDEC is powered

by the node voltage HWL for word lihes. Further, the

(: redundant word line decoder XRDEC receives a redundant
word line selection signal RX from the redundant word line

10 predecoder XPRDEC, and outputs a wvoltage to a
predetermined memory array redundant word line ReWL

(raises the potential of the word line ReWL) according

to the redundant word line selection signal RX, thereby

selecting the predetermined memory array redundant word

15 line ReWL.

c: One output terminal of the bit line decoder YDEC
is connected to a bit line selection gate line RYSEL.for
reference array. The bit line selection gate line RYSEL

20 is connected to a gate electrode of the bit line selection
transistor ¥YSR. The other output terminal of the bit line
decoder ¥YDEC is connected to a bit line selection gate
line MYSEL for memory array. The bit line selection gate

line MYSEL is connected to a gate electrode of the bit



array normal word line MAL of the nenory array MA; and a test word line

sel ection signal SDO which is an enforced selection signal used in a test.
The reference word line control circuit RREGQU, which will be described
later in 15 detail with reference to Figures 3 and 4, raises the potential
of the reference cell word Iine RALO based on ¢ the normal word |ine

sel ection control signal SDM which is input when a non-redundant nenory
array normal word |ine MAL of the menory#8array MA is selected, so as to
select 20 the reference cell word line RALO. The reference word |ine
control circuit RREDU used for selection of redundant word |ines receives:
the node voltage HW. for word lines; the word |ine enabling ATD - 50

signal SPW theif@sbleertiud t#aaBaktSTENSME T HUNsPRY 14 decbase #BEECt i ON
control signal SDR for controlling the nenory array redundant word |ine

ReW. of the mgidxXformé r@&ddd¥bdésherd €66n o€ dé N€cEEhgCaALPNréf&Pehcell,
which 5 is another enforced selection signal used in a test. The reference

word |ine contdtayibitul inBRRBY andliatly menbreartes vithednleaMBL basdat ai |
with reference to Figures 3 and 4, 1~. raises the potential of the reference

cell word |lineoiRWHe bepatl addirkesr edwndantapmrd |ine selection control 10
signal SDR which is input when the nenory array redundant
5
The bit line selection transistors YSR and ¥YSM
select, based on a selection signal from the bit line
c:; decoder ¥YDEC, any of a plurality of bit lines RBL in the
reference array RA and any of a plurality of bit lines MBL
10 in the memory array MA, whereby connecting the selected
bit lines RBL and MBL respectively to the input terminals
of the sense amplifier S/A. That 4is, the bit 1line
selection transistor ¥YSR connects an end of any of the
bit lines RBL of the reference array RA to one of the input
15 terminals of the sense amplifier S/A. The bit line
selection transistor ¥YSM connects an end of any of the

C: bit lines MBL of the memory array MA to the other input

terminal of the sense amplifier S/A.

20 The sense amplifier S/A is activated in response
to receipt of the sense amplifier enable signal SAEN from
the address transition detection circuit ATD, and outputs
aresult of a sensing operation througha line SAOUT. That

is, the sense amplifier S/Aamplifies a difference between



word line ReW. of the nenory array MA is selected, so as to select the
reference cell word line RAL1. Specific structures of the reference word
line 15 control circuit RREGQUJ used for selection of normal word |ines and
the reference word |ine control circuit RREDU ¢ used for selection of
redundant word lines are described below Further, a nethod for selecting a
reference word line in a data read operation and in a test operation 20
according to the present invention is al P described. Figure 3 is a circuit
di agram showi ng a specific exanple (inverter-type word |ine driver) of the
reference word line control circuit RREGU and the reference word - 51 |Iine
control circuit RREDU of Figure 2. In Figure 3, the upper part in the broken

line box repregeniglide 6efenenseed®rilc! EALreAtkr ohowingUithriBiglthed used
for selection of normal word lines, and the |lower part in the broken Iine

box represent snémeryeianacow{dr INOE) Canld othéi refidrdfizDUketgegcigor
selection of C redundant word lines. 10 The reference word |ine control

ci rcuit RREGU (otskdljoraneé! st p@ts of hé Gfeml ]l 1Vl anplds iica ff igrnirech bhean
inverter CO, an AND logical circuit Cl, a P-type transistor PO, Ntype
transi stors NOEdBm afiddataord |ine
5
The reference word line control circuit RREGU used
for selection of normal word lines redeives: the node
(: voltage HWL for word lines; the word line enabling ATD
signal SPW:;: a test control signal STEN:; a normal word line
10 selection control signal SDM for controlling the memory
array normal word line MWL of the memory array MA; and
a test word line selection signal SDO, which is an enforced
selection signal used in a test. The reference word line
control circﬁit RREGU, which will be described later in
15 detail with reference to Figures 3 and 4, raises the
potential of the reference cell word line RWLO based on
c: the normal word line selection control signal SDM which
is input when a non-redundant memory array normal word

line MWL of thememoryarray MAis selected, soas to select

20 the reférence cell word line RWLO.

The reference word line control circuit RREDUused
for selection of redundant word lines receives: the node

voltage HWL for word lines; the word line enabling ATD



drive inverter DRVO 15 As in the reference word line control circuit
RREGU1, the reference word line control L circuit RREDU used for selection
of redundant word lines is formed by an inverter CO, an AND | ogi cal

circuit CV, 20 a P-type transistor PO, Ntype transistors NO-N3', and a
word line drive inverter DRV1. The resistance of the P-type transistor PO
(or PO ) is set to a very high resistance value. Wen all of the - 52
N-type transistors NO-N2 (or NO -N2') whidéh -are serially connected to the
drain side of the P-type transistor PO (or PO) are ON, or when only the
N-type transistor N3 (or N3') Is ON, an input node SXO (or SX1) of the word
51line drive inverter DRVO (or DRV1) is decreased to the ground |evel, and

the potential Higidle SPHErINRCLesEldoMI¥sl shighe IRMEN 08 R adr B68raNot e
that reference marks in C parentheses denote el enents used when the

ref erence wor diiféd NneteBtioh @dmtrdl RREGhAI1USDER foTr sdeetdDNiRg thE
redundant word lines is activated. Each of the reference word |line control

circuit RREGUimetssely f airresl ecédandahtnaided Wane ReWIs of the memory

array MA: and a test word 1line selection signal SD1, which

5 is another enforced selection signal used in a test. The

reference word line control circuit RREDU, which will be

described laterindetailwithreference toFigures 3 and 4,

C raises the potential of the reference cell word line RWL1

based on the redundant word 1line selection control

10 signal SDR which is input when the memory array redundant

word line ReWL of the memory array MA is selected, so as

to select the reference cell word line RWL1.

Specific structures of the reference word line

15 control circuit RREGU used for selection of normal word
lines and the referende word line control circuit RREDU

C: used for selection of redundant word lines are described
below. Further, a method for selecting a reference word

line in a data read operation and in a test operation

20 according to the present invention is also described.

Figure 3 is a circuit diagram showing a specific
example (inverter-type word line driver) of the reference

word line control circuit RREGU and the reference word



and the reference word line control circuit RREDU used 15 for selection of
redundant word |ines receives the node voltage HAL for word lines, the test
control signal STEN, r and the word line enabling ATD signal SPW The
reference word line control circuit RREGU used for selection of norma
word lines further receives the test word line 20 selection signal (first
test signal) SDO and the normal word |line selection control signal SDM The
reference word line control circuit RREDJ -used for selection of redundant
word |ines further receives the test word line selection signal (second
test signal) SD1 and the - 53 redundant word line selection control signal
SDR. In the above structure, the test control signal STEN is zero (|l ow

| evel ) when datinéscéegfégollr eirchid RRBEDY oelFighde £0 the AND | ogi cal
circuit CL (or Cl') , the N-type transistor N3 %or NV) is OFF regardl ess of
the output state of the test reference word line selection C signal SDO (or
SD1). On the other hand, the N-type transistors NO and NO are ON due to the
operation of the 10 inveilgure QQ and Wber Hartwvandthensr skeh|liing: BoR

signal SPWis at a high level (supply voltage level) when data is read from
a menory cel | , represantsfthiereffietrienicdecwoddtlvpre tbantiodl eischii taRREBDL are

ON.
5 used for selection of normal word lines, and the lower
part in the broken line box represents the reference word

line control circuit RREDU]1l used for selection of

C: redundant word lines.

10 The reference word line control circuit RREGUL
used for selection of normal word lines is formed by an
inverter CO, an AND logical circuit Cl, a P-type
transistor PO, N-type transistors NO-N3, and a word line
drive inverter DRVO0.

15

As in the reference word line control

circuit RREGU1, the reference word 1line control

(a

circuit RREDU1L used for selection of redundant word lines
is formed by an inverter C0', an AND logical circuit Cl1°',
20 a P-type transistor PO', N-type transistors NO'-N3', and

a word line drive inverter DRVI.

The resistance of theP-type transistor PO (orP0')

is set to a very high resistance value. When all of the



15 When the nenory array normal word line MAL is selected, the normal word
line selection control r signal SDMis at high level, and therefore, the

N-type transistor

N2 is ON. Thus, when all of the N-type transistors NO N2

are ON, the node SXOis decreased to 20 the ground |level, and a sel ection
signal is output fromthe word line drive inverter DRVOto the reference
cell word line RALO whereby the potential of the reference cell word |ine
RWOrises. - 54 Aternatively, when théZrenory array redundant word |ine

ReW. is sel ected,
at high level, and

t he redundant word line selection control signal SDR is

therefore, the N-type transistor N2' is ON. Thus, when 5

all of the Nntype transistors NO-N2"are ON, the node SX1 1is decreased to

the ground | evelt
inverter DRV1 to t

ot reurfe] £E6FHNG LN or IND "UNDUS WA bite ¥BEdahige drive

e Creference cell word line RALL, whereby the potenti al

of the referatmenéeteéd s dthé n@rddMh Isideest e |P-BypestraRdestbr 00 , in
the case where a reference cell is manually and enforcedly accessed, the

test control (ogree’ PTadki 6N] 6k ghenevdlly tHEIN-tiywe Netaypeisto@NNBSt Or S
NO and NO are OFF due to the operation of
(or N3') is ON, an input node SX0 (or SX1) of the word

5 line drive inverter DRVO (or DRV1l) is decreased to the

ground level, and the potential of the reference cell word

line RWLO {or RWL1l) rises. Note that reference marks in

c:: parentheses denote elements used when the reference word

line control circuit RREDUlL used for selection of

10 redundant word lines is activated.

Each of the reference word line control

circuit RREGU1l used for selection of normal word lines

and the reference word line control circuit RREDUL used

15 for selection of redundant word lines receives the node

voltage HWL for word lines, the test control signal STEN,

C and the word line enabling ATD signal SPW. The reference

word line control circuit RREGU1l used for selection of

normal word lines further receives the test word line

20 selection signal (first test signal) SDO0 and the normal

word line selection control signal SDM. The reference

word line control circuit RREDUl used for selection of

redundant word lines further receives the test word line

selection signal (second test signal) SD1 and the



15 the inverters CO and CO. Therefore, control cannot be exerted over
reading of data regardless of the states of ¢ the word |ine enabling ATD
signal SPW the normal word line selection control signal SDM and the

redundant word |ine selection control signal SDR. 20 In the test nobde, the
test reference word Iine selection signals SDO and SD1 transition according
to the 1input address signal ADD. When the test reference word |Iine

sel ection signal SDOis 1, the N-type transistor N3 - 55 is turned ON so
that the node SXO is decreased to the ground |evel. Accordingly, a
selection signal is output from the word Iine drive inverter DRVO to the
reference cell word |ine RALO, whereby the potential of the reference 5
cell word |ineéddiilanteworal ldneatsaledytiomerohbeol estignadf @ap@®ce word |ine
selection signal SD1 is 1, the Ntype transistor NV is turned ON so that
the node SX1 is C decreased to the ground |level. Accordingly, a selection
signal is output fromthe word |ine drive inverter DRV1 10 to the reference
cell word line RALL, wirereblyet habpueentsitaiuctafrd he tled er tasté cebhtwodd | i ne
RW1 rises. In the above circuit exanple illustrated in Figure 3, the word
line driver isshgnahvS8TENr isyperdri(lew level) when data is read from
5 amemory cell. Due to the AND logical circuit Cl1l (orcCl'),
the N-type transistor N3 (or N3') is OFF regardless of
the output state of the test reference word line selection
c: signal SDO0 (or SD1l). On the other hand, the N-type
transistors NO and NO' are ON due to the operation of the
10 inverters C0 and CO'. The word 1line enabling ATD
signal SPW is at a high level (supply voltage level) when
data is read from a memory cell, and therefore, both the

N-type transistors N1 and N1l' are ON.

15 When the memory array normal word line MWL is
selected, the normal word line selection control

C: signal SDM is at high level, and therefore, the N-type
transistor N2 is ON. Thus, when all of the N-type
transistors NO-N2 are ON, the node SX0 is decreased to

20 the ground level, and a selection signal is output from

the word line drive inverter DRVO to the reference cell

word line RWLO, whereby the potential of the reference

cell word line RWLO rises.



15 where the P-type transistors PO and PO are used as high-resistance

el ements, but the present inventionis Cnot |[imted thereto. The present

i nvention can be inplenmented with a different type of word line driver.

For exanple, a latch-type word line driver of Figure 4, 20 which is
different fromthe inverter-type word line driver of Figure 3, may be

enpl oyed. Control of reference word |ine decoding wth such a latch-type
word line driver will be described bero®4ith reference to Figure 4. - 56
Figure 4 is a circuit diagramshow ng another specific exanple (latch-type
word line driver) of the reference word line control circuit RREGQU and the
reference word line control circuit RREDU of Figure 2. 5 In Figure 4, the

upper part in the brokartdiner bely! epheacithe end®f ederse yeadnkane
-control circuit RREGJ2 C used for selection of normal word |lines, and the

| ower part in vddblaken ReWIe DX JeQM D) S thee redeneane Wasd 18nki ne
control circuit RREDU2 used for selection of redundant word |lines. The

ref erence wor cséleéxet Lont radnittde T uisii JRECEDR uded aeor lsedlectlienrelof aadmal
word lines is formed by an 15 inverter CO an AND logical circuit Cl, an
NOR circuit CXxherefore, the N-type transistor N2' is ON. Thus, when
5 all of the N-type transistors NO'-N2' are ON, the node SX1
is decreased to the ground level, and a selection signal
1s output from the word line drive inverter DRV1 to the
c reference cell word line RWL1l, whereby the potential of
the reference cell word line RWL1l rises.
10
In atest mode, i.e., in the case where a reference
cell ismanually and enforcedly accessed, the test control
signal STEN is 1 (high level). Thus, the N-type
transistors NO and NO' are OFF due to the operation of
15 the inverters CO0 and C0'. Therefore, control cannot be
exerted over reading of data regardless of the states of
C the word line enabling ATD signal SPW, the normal word
line selection control signal SDM, and the redundant word
line selection control signal SDR.
20
In the test mode, tﬁe test reference word line
selection signals SDO and SD1 transition according to the

input address signal ADD. When the test reference word

line selection signal SDO is 1, the N-type transistor N3



P-type transistors PO and P1, N-type transistors NON4, and a word |ine
drive inverter DRVO. As in the reference word |ine control 20 circuit
RREGJ2, the reference word line control «circuit RREDU2 used for selection
of redundant word lines is fornmed by an inverter CO , an AND | ogi cal
circuit Cl', anNORcircuit C2',P-type transistors PO and P1' ,Ntype
transistors NO-N4', and a word |ine drive inverter DRV1. - 57 Wen all of
the N-type transistors N1-N3 (or N1'-N39) are ON and the N-type transistor
NO (or NO ) is OFF, or when only the N-type transistor N (or Nd') 5 is ON
and the N-type transistor NO (or NO) is OFF, an input node SXO (or SX1) of
the word line drive inverter DRVO (or DRV1) is decreased to the ground

level, and a npgleuped ONsohat ithd N6a8askl i dachegizedtbagre gbuhavel for
word lines, so that the potential of the reference cell word 10 Iine RALO

(or RAL1) risesevéDl e Ad@drdehglenca gelkstion palgidhebesodepaterebmnent s
used when the reference word line control circuit RREDU2 used for selection
of redundant tipe dvdrdekine dcivey aiederidr EBRWOOt ot bRer & EeeBaeewaedll i ne

control circuit RREGJ2 used for selection of normal word lines r and the
reference wor dwédrdel tnat RELOCI wherebRRERE? pisterhtial of the reference
5 cell word line RWLO rises. Alternatively, when the test
reference word line selection signal 8D1 is 1, the N-type
transistor N3' is turned ON so that the node SX1 is
c:: decreased to the ground level. Accordingly, a selection
signal is output from the word line drive inverter DRV1

10 to _the reference cellword line RHWL1l, whereby the potential

of the reference cell word line RWL1 rises.

In the above circuit example illustrated in

Figure 3, the word line driver is an inverter-type driver

15 where the P-type transistors P0 and P0' are used as
high-resistance elements, but the present invention is

C: not limited thereto. The present invention can be
implemented with a different type of word line driver.

For example, a latch-type word line driver of Figure 4,

20 which is different from the inverter-type word line driver

of Figure 3, may be employed. Control of reference word

line decoding with such a latch-type word line driver will

be described below with reference to Figure 4.



for selection of redundant word |lines receives the node voltage HAL for
word lines, the test control signal STEN, 20 and the word |line enabling ATD
signal SPW The reference word line control circuit RREGJ2 used for
selection of normal word lines further receives the test reference word

| i ne selection signal SDO and the normal word line selection control signal
SDM The reference word Iine - 58 <control circuit RREDU2 used for selection
of redundant word lines further receive®&he test reference word |line

sel ection signal SDland the redundant word |ine selection control signal
SDR. 5 In the above structure, the test control signal STEN is zero (| ow

| evel ) when data is read from C a nenory cell. Due to the AND | ogi cal

circuit d (or A") , Riuietgpest anciséeit Ndiaeraw showikFanegheqd ess of
10 the output state of the test reference word |ine selection signal SDO

(or SDO ). On shecdfier ekanghled heldtdlypeypéer abgidsidme Mriner N ofateeON due
to the operation of the inverters COand CO. The word |ine enabling ATD
signal SPWis mferéngh |wweld (3ippl ycontrale teveh) tWRREGID a@alda ither ead
froma nenory cell, and therefore, both the N type transistors N2 and N2'
are ON. reference word line control circuit RREDU of Figure 2.

In Figure 4, the upper part in the broken line box

represents the reference word line control circuit RREGU2

C used for selection of normal word lines, and the lower
part in the broken line box represents the reference word

10 line control circuit RREDU2 used for selection of

redundant word lines.

The reference word line control circuit RREGU2

used for selection of normal word lines is formed by an

15 inverter CO, an AND logical circuit Cl1l, anNOReircuit C2,
P-type transistors PO and Pl, N-type transistors NO-N4,

C and a word line drive inverter DRVO.

As in the reference word 1line control

20 circuit RREGU2, the reference word 1line control
circuit RREDU2 used for selection of redundant word lines

is formed by an inverter C0', an AND logical circuit C1°',
anNORcircuit €2', P-type transistors PO'and P1l', N-type

transistors NO'-N4', and a word line drive inverter DRV1.



L Wien the nenory array normal word line MAL is selected, the normal word
line selection control 20 signal SDMis at high level, and therefore, the
N-type transistor N3 is ON. Accordingly, the node SXOis decreased to the
ground level, and the P-type transistor PO is turned ON, whereby the node
SYOis increased to a high voltage HAL |evel for word lines, and the P-type
- 59 transistor Pl is turned OFF. Since the normal word line selection
control signal SDMis at high level, the3type transistor NOis OFF due to
the operation of the NOR circuit C2. Thus, the node SYOis not decreased to
the 5 ground level, and therefore, a through current is not produced. On

t he ot her hand, when the node SXOis at the ground level, a selection
signal is output fromthe word Cline drive inverter DRVO to the reference
cell word line RALO, whereby the potential of the reference cell 10 word

line RALO rises. Altemmdn veayl wadn titee TeNBLyper r ayrdestustions NpoNd | i ne
ReW. is selected, the node SX1 is decreased to the ground |level for the

sane reason as(aeNl! N3’ ilkvwe ONLandnthe Nsdyae teansiigitalr iN0 durpNO'rom t he
word line drive inverter DRV1 to the reference cell word |line RALL,

is OFF, or when only the N-type transistor N4 (or N4')
5 is ON and the N-type transistor NO (or NO') is OFF, an
input node SXO0 (or 8X1) of thewordline drive inverter DRVO
(or DRV1) is decreased to the ground level, and a node SYO
C (or SY1) is increased to a high voltage HWL level for word
lines, so that the potential of the reference cell word
10 line RWLO {or RWL1) rises. Note that reference marks in
parentheses denote elements used when the reference word

line control circuit RREDU2 used for selection of

redundant word lines is activated.

15 Each of the reference word line control
circuit RREGU2 used for selection of normal word lines

C:, and the reference word line control circuit RREDU2 used
for selection of redundant word lines receives the node

voltage HWL for word lines, the test control signal STEN,

20 and the word line enabling ATD signal SPW. The reference

word line control circuit RREGU2 used for selection of

normal word lines further receives the test reference word

line selection signal S$D0 and the normal word 1line

selection control signal SDM. The reference word line



c whereby the potential of the reference cell word ine RAL1 rises. 20 |Ina

t est

manual |y and enforcedly accessed, the test control signal STENis 1 (high

| evel

operation of the inverters CO and CO .
readi ng of data regardl ess

exert

node, |.
). Thus,

ed over

e. , in the case where the reference cell RCO (or RCl)

the N-type transistors N1 and N1' are OFF due to the

| i ne enabling ATD signal SPW the normal58wrd |ine selection control

SDM
t est

is turned ON so that the node SXO is decreased to the ground level. As a

t, the P-wopd LimssiRirthdiOreed e dhedOle sandelfleeefde/ RO AT aRBileSt Or
is turned OFF for the sane reason as descri bed above. In this case, since

r esul

t he

O

and the redundant word line selection control signal SDR. 5 In the

node, the test reference word line selection signals SDO and SD1
transition according to the C input address signal ADD. Wen the test

reference wor ccdntieoseteeti198 RREDY2 Qed Folv ddedtivRcotr 2BaLARANtN 10

'S

Therefore, - 60 control cannot be
of the output states of the word

si gnal

test ref esebheetiondilgnel SHPahdthe rgdandab® word 1(igbeldckeval ) |
the N-type transistor NOis OFF due to the operation of the AND | ogic
circuit Cl andzdmer&DRstgnaldi SDRE2. As

5

10

15

20

In the above structure, the test control
signal STEN is zero (low level) when data is read from
amemory cell. Due to the AND logical e¢ircuit Cl (orCl'),
the N-type transistor N4 {(or N4') is OFF regardless of
the output state of the test reference word line selection
signal SD0O (or SDO'). On the other hand, the N-type
transistors N1 and N1' are ON due to the operation of the
inverters €0 and CO'. The word 1line enabling ATD
signal SPW is at a high level (supply voltage level) when
data is read from a memory cell, and therefore, both the

N-type transistors N2 and N2' are ON.

When the memory array normal word line MWL is
selected, the normal word line selection control
signal SDM is at high level, and therefore, the N-type
transistor N3 is ON. Accordingly, the node SX0 is
decreased to the ground level, and the P-type transistor PO
is turned ON, whereby the node SYO0 is increased to a high

voltage HWL 1level for word lines, and the P-type

a

P1



c a result of such.a series of operation, the potential of the reference
cell word ine RALO rises. Alternatively, when the test reference word |ine
selection signal SDI 20 is 1 (high level), the Ntype transistor N4' is
turned ON while the N-type transistor NO is turned OFF, and the P-type
transistor PO is turned ON while the P-type transistor Pl is turned OFF.
As a result, the node SX1 is decreased to the ground |evel, and the
potential of - 61 the reference word | rf® RW.1 rises. It should be herein
noted that, when the latch-type word line driver of Figure 4 is used, it is
necessary to 5 maintain the normal word |ine selection control signal SDM
and the redundant word |line selection control signal SDR at the ground

| evel during tesansRdeoceoplr @k {ubgBatdEF . C 4 £8ée CONS MBrd DRAIrS1EN s 1) .
O herwi se, the test reference word |ine selection signals SDO and- SD1 may

not 10 be appsepeteiehycéRttodldBghaPsspMriasult hifatTevdr, iR a-eppe cel
word lines RALO and RAL1 may be sinultaneously selected. As a natter of

course, it is thahsNetessSNOYy i PFPVEUe & &pPEleabparadiigeiedt €hel WOR as
the circuitry is designed such that both the normal 15 word |ine selection

control signalcSbMiandcizhe ThAdendaht nwdedsi¥iondssabecdeerecacrid dlo Thegnal SDR
are at a | ow | evel
5 ground level, and therefore, a through current is not
produced. On the other hand, when the node 8X0 is at the
ground level, a selection signal is output from the word
c: line drive inverter DRVO to the reference cell word

line RWLO, whereby the potential of the reference cell

10 word line RWLO rises.

Alternatively, when the memory array redundant
word line ReWL is selected, the node SX1 is decreased to
the ground level for the same reason as described above,

15 and a selection signal is output from the word line drive
inverter DRVl to the reference c¢cell word line RWL1,
C whereby thé potential of the reference cell word line RWL1

rises.

20 Inatestmode, i.e., in the casewhere the reference
cell RCO (or RC1l) is manually and enforcedly accessed,
the test control signal STEN is 1 (high level). Thus,
the N-type transistors N1 and N1' are OFF due to the

operation of the inverters CO and CO'. Therefore,



when the test control signal STENis 1. As described above, the circuitry

I ncluding two 20 reference cell word Iines RALO and RAL1 can readily be
controlled with a sinple circuit structure and without depending on the
type of a word line driver. Further, even if the nunber of reference cel
word lines is 3 or nore, a control circuit of the present invention can be
- 62 inplenented by extending the above-described circuit structure
exanpl e. The above-described circuit stréfctures illustrated in Figures 3
and 4 are nerely exanples of the present invention. According to the 5
present invention, any circuit structure may be enployed so long as the
above-described features of the circuit which are necessary for

i mpl enenting t&enPresdnndl HY ekBrtedobPePrvadefly o died rehhganesal word
line selection signal transition detection circuit XREGS and the redundant

word line sel@Ethemignestatasv tidwdedaclioanabl dnigtAPIREDSnaf sbwgure 2,
and a nethod of selecting anong a nenory array normal word line (or a

nMenory array regengerthadowerdi 0¢hel sedrd td orefaienesl ceignaer 8pMi, nankior
reading data froma nenory cell, are described in detail with reference to
Fi gure S. the redundant word line selection control signal SDR.
5
In the test mode, the test reference word line
selection signals SDO and SD1 transition according to the
c:: input address signal ADD. When the test reference word
line selection signal SDO is 1, the N-type transistor N4
10 is turned ON so that the .node §X0 is decreased to the ground
level. As a result, the P-type transistor PO is turned
ON, and the P-type transistor P1 is turned OFF for the
same reason as described above. In this case, since the
test reference word line selection signal SP0 is 1 (high
15 level), theN-type transistor NO is OFF due to the operatiocn
of the AND logical circuit C1 and the NOR circuit C2. As
C: a result of such a series of operation, the potential of
the reference cell word line RWLO rises. Alternatively,
when the test reference word line selection signal SD1
20 is 1 (high level), the N-type transistor N4' is turned
ON while the N-type transistor NO' is turned OFF, and the
P-type transistor PO0' is turned ON while the P-type

transistor P1l' is turned OFF. As a result, the node SX1

is decreased to the ground level, and the potential of



Figure 5 is a block diagram showing a primary part 20 of a nenory
array/reference array word line control circuit of the non-volatile

sem conductor storage device of Figure 2. Prior to description of the
normal word line - 63 selection signal transition detection circuit XREGS,
an operation of selecting the nmenory array normal word line MAL is
described in nore detail. In the exanple illustrated in Figure 5, assune
that the nunber of address 5 signal linme$¥or selecting the nenory array
normal word |ine MAL is n (where n is a natural nunber). In response to an
address signal ADD, the normal word |ine C predecoder XPDEC transmts a
normal word |ine selection signal SX to the nornmal word |ine decoder XDEC

through 10 a ©i@Upebérénber WalrdNarighd igWL sek£sé&0n signal |ines. The nornal
word |ine decoder XDEC raises the potential of a desired main nenory nor nal

word |ine MAL based on the normal word |ine selection signal SX 15 Wen at
| east one of the 2 normal word line selection signal lines transmtting the

normal word line r setteghbaldtgharedh fidbadithaanswhenaHte aateal-tage | evel ,
the normal word line selection signal transition detection circuit XREGS

detects this twendilime d@oiver tdf @ilduitte thels used, it is necessary to
5 maintain the normal word 1ine selection control signal SDM
and the redundant word line selection control signal SDR
at the ground level during test mode control (when the
c: test control signal STEN is 1). Otherwise, the test
reference word line selection signals SDO and SP1 may not
10 be appropriately controlled. As a result, both the
reference cell word lines RWLO and RWL1 may be
simultaneously selected. As a matter of course, it is
not necessary to provide a special arrangement so long
as the circuitry is designed such that both the normal
15 word line selection control signal SDM and the redundant

word line selection control signal SDR are at a low level

when the test control signal STEN is 1.

a

As described above, the circuitry including two

20 reference cell word lines RWLO ahd RWL1 can readily be
controlled with a simple circuit structure and without
depending 6n the type of a word line driver. Further,

even if the number of reference cell word lines is 3 or

more, a control circuit of the present invention can be



20 normal word line selection control signal SDMto the reference word |ine
control circuit RREGQU which is used for selecting normal word lines. The
normal word line selection control signal SDMindicates whether any one of

the menory array normal word lines MAL is selected. - 64 |In response to
this trigger signal SDM the reference word |ine control circuit RREQU
rai ses the potential of the reference cell word |line RALO The nunber of
signal lines , i (where i is a natural- ®#ber), included in the signal 5
line group for transmtting the normal word |ine selection control signal
SDM maybe smal |l er than the nunber of signal Ilines, 2", included in the
signal line group for Ctransmtting the normal word |ine selection signal

SX. 10 In thi fmplénenteat byt hextahdihgwotlie | BB vesiaReidrabed o8l kehiti gnal
SDM whi ch indicates selection of the menory array normal word lines ML is

i nput from t hestwuethraor @xdmplke sel ectliil) Sapbee -deardiibeah detieetiien
circuit XREGS to the reference word line control circuit RREGQJ, whereby 15
t he reference strdctunescdlilnstrdttedi inRBE(Ghres SBSahide 4 patenineaklgl the
reference cell word line RALO However, ¢ the present invention is not
limted to sucdxamplescidr echd-opresantl e, nwerdtiboh . pr Avicdirkjridietmothel word
line selection signal transition detection circuit XREGS, the
5 present invention, any circuit structure may be emploved
so long as the above-described features of the circuit
which are necessary for implementing the present invention

C are provided.

10 Next, the normal word line selection signal
transition detecfion circuit XREGS and the redundant word
line selection signal transition detection circuit XREDS
of Figure 2, and a method of selecting among a memory array
normal word line {or a memory array redundant word line)

15 and a reference cell word line for reading data from a

memory cell, are described in detail with reference to

C Figure 5.

Figure 5 is a block diagram showing a primary part
20 of amemory array/reference array word line control circuit
of the non-volatile semiconductor storage device of

Figure 2.

Prior to description of the normal word line



20 normal word line selection signal SX may be directly input to the
reference word line control circuit RREGJ through a signal |ine group

i ncluding 2" signal |ines, whereby the reference word |ine control circuit
RREGQU rai ses the potential of the reference cell word line RALO - 65 1In
the case where the reference cell word Iline RALO is selected using the
normal word |ine selection signal transition detection circuit XREGS, the
signal line group 5 for transmtting the®dormal word |ine sel ection signal
SX may include only one signal line or a plurality of signal lines in
consideration of the structure and |ayout area C of the reference word |ine
control circuit RREGU. As a matter of course, the nunber of signal |ines

can be 10 consdxasebby ¢EghveEd Mhesi t Den"@ét8LtWBRdch BaiteKRBEEQNakI gnal
transition detection circurt XREGS is provided, as conpared with when the

normal word |icpersetbshi @Ff Seysetiby ithdli mefblry | @Pdayt addwal ehorance
word line control circuit RREQJ through a signal line group 15 including 2

signal |ines @iroWMWhr dgi diesgribedoimahorer detlaile sdrecth®nezagpak
transition detection circuit XREGS. C Prior to description of the redundant

word line selidckustratgddin Figuset borasieaee tihat theaunbe@®oESaddness

5 signal lines for selecting the memory array normal word

line MWL is n (where n is a natural number). In response

to an address signal ADD, the normal word 1line

C:f predecoder XPDEC transmits a normal word line selection

signal SX to the normal word line decoder XDEC through

10 a group of 2" normal word line selection signal lines. The

normal word line decoder XDEC raises the potential of a

desiredmainmemorynormalword line MWL basedon the normal

word line selection signal SX.

15 When at least one of the 2" normal word line
selection signal lines transmitting the normal word line

(:, .selection signal 8X transitions tco a high voltage level,
the normal word line selection signal transition detection

circuit XREGS detects this transition so as to output the

20 normal word line selection control signal SDM to the
reference word line control circuit RREGU which is used

for selecting normal word lines. The normal word line

selection control signal SDM indicates whether any.one

of the memory array normal word lines MWL is selected.



20 operation of selecting the main nmenory redundant word line ReW is
described in nore detail. As shown in Figure 5 the address signal ADD used
for selection of word lines is also input to the redundant word |ine
predecoder XPRDEC. The redundant word line - 66 predecoder XPRDEC outputs a
redundant word line selection signal RXto the redundant word |ine decoder
XRDEC, and further outputs a redundancy determ nation signal MD, which

i ndi cat es whether or not a normal word line is to 5 be replaced with a
redundant word line, to the normal word quﬁapredecoder XPDEC. In the

exanple illustrated in Figure 5 assune that the nunber of signal |ines
included Cin a signal line group for transmtting the redundant word |ine
selection signal RXis m(where mis a natural nunber) . 10 The nunber "nf

is equal to thenmesipeonss tpethisdnt ggemdsignad. SDM,sthe gradietremee grooud i S
connected to the redundant word |ine decoder XRDEC. The redundant word
| i ne decoder XRbEE ¢antrolt kérpuidnRRAGWfraisiesi the petrenyiadr ofy thedundant
word |line ReW. based on the redundant word 15 |ine selection signal RX
transmtted threfghenne ceddveordilgmel RHL gThenurb@hedf sighabdtinese of the
m signal |ines for

i (where i is a natural number), included in the signal

5 line group for transmitting the normal word line selection
control signal SDMmay be smaller than the number of signal
lines, 2", included in the signal line group for

C' transmitting the normal word line selection signal SX.

10 In this embodiment, the normal word line selection
contrel signal SDMwhich indicates selection of the memory
array normal word lines MWL is input from the normal word
line selection signal transition detection circuit XREGS
to the reference word line control circuit RREGU, whereby

15 the reference word line control circuit RREGU raises the
potential of the reference cell word 1line RWLO. However,

C the present invention is not l1imited to such a structure.
For example, without providing the normal word line
selection signal transition detection circuit XREGS, the

20 normal word line selection signal SX may be directly input
to the reference word line control circuit RREGU through
a signal line group including 2" signal lines, whereby the
reference word line control circuit RREGU raises the

potential of the reference cell word line RWLO.



transmtting the redundant word line selection signal RX 20 transitions to
a high voltage level, the redundant word |ine selection signal transition
detection circuit XREDS detects this transition so as to output the
redundant word |ine selection control signal SDR to the reference word

line control circuit RREDU which is used for selecting - 67 redundant word

| ines. The redundant word line selection control signal SDR indicates that
any of the menory array redundant word 16%hes ReW is selected. In response
to this trigger signal SDR, the reference word line control 5 circuit RREDU

rai ses the potential of the reference cell word line RALL. The nunber of
signal lines, j (where j is a natural nunber), included in the signal |ine
group C for transmtting the redundant word |ine selection control signal
SDR may be smaller than the nunber of signal lines, 10 m included in the

signal line group for Inénerddded Whetrlcthé edtagdancevelllwdid $eheckwoo Si gnal
RX. In this enbodi nent, the redundant word line selection control signal

SDR whi ch i nditstssleetedtuoinglbhefnbbralewori hinaysetdandent swgnell i nes
ReW. is input fromthe redundant word |ine selection signal transition
detection circuranxXREDShald thect bde reaiimmi i XKBBGSethend Y grha 1l diimeu groRBEDU,
whereby the reference word |ine control
5 for transmitting the normal word line selection signal SX
may include only one signal line or a plurality of signal
lines in consideration of the structure and layocut area
c: of the reference word line control circuit RREGU. As a
matter of course, the number of signal lines can be
10 considerably reduced when the normal word line selection
signal transition detection circuit XREGS is provided,
as compared with when the normal word line selection
signal SX is directly input to the reference word line
control c¢ircuit RREGU through a signal line group

15 including 2" signal lines without providing the normal word

line selection signal transition detection circuit XREGS.

Prior to description of the redundant word line

selection signal transition detection circuit XREDS, an

20 operation of selecting the main memory redundant word
line ReWL 1is described in more detail. As shown in
Figure 5, the address signal ADD used for selection of

word lines is also input to the redundant word line

predecoder XPRDEC. The redundant word line



circuit RREDU raises the potential of the reference cell 20 word |ine

However ,
exanpl e,

the present inventionis not Ilimted to such a structure. Fo
wi t hout providing the redundant word |ine selection signal

transition detection circuit XREDS, the redundant word |ine selection

si gnal

RX may be directly input to the - 68

circuit RREDU through a signal |ine gro%%Rincluding m si gnal |ines, whereby
t he reference

reference cel

line RAL1
transition detection circuit XREDS, the signal |ine group for transmt

the redundant pesdetbiersXPROECOSutBAL§iHraduRiammywbhalludfe 98 Ke@Aensi gnal
line or a plurality of signal lines in consideration of the structure

| ayout

si gnal

reference word line contr

word line control circuit EDU rai ses the potential of
word line RALL. 5 In the case where the reference cel

I's selected using the redundant word |ine selection signal

RWLI .
r

ol
t he
wor d
C
ting

and

f area ogighelr RKet6NtRe BEQuUhAARLCROEEOL 1AL 88EbARRERADEC)S angmat t er
of course,
redundant wor dfhithei5 ostipetis ol BéduAtlahegn et eafiniled €Ldh 08ighatuMD , XREDS
is provided, as conpared with when the redundant word line c selecti
RX i s dihechl yndhpatesowhbeheef erenee a normal word line is to

5

10

i5

20

the nunber of signal lines can be considerably reduced whe

be replaced with a redundant word line, to the normal word
line predecoder XPDEC. In the example illustrated in
Figure 5, assume that the number of signal lines included
in a signal line group for transmitting the redundant word
line selectionsignal RYism(wheremis anatural number).
The number “m" is equal to the number of redundant word
lines. This signal line group 1is connected to the
redundant word line decoder XRDEC. The redundant word
line decoder XRDECraises the potential of adesired memory
array redundant word 1ine ReWL based on the redundant word
line selection signal RX transmitted through the above

signal line group.

When at least one of the m signal lines for
transmitting the redundant word line selection signal RX
transitions to a high voltage level, the redundant word
line selection signal transition detection circuit XREDS
detects this transition so as to output the redundant word
line selection control signal SDR to the reference word

line control circuit RREDU which is used for selecting

n the

on



word |ine control circuit RREDU through a signal line group including m
signal lines wthout providing the redundant 20 word |line selection signal
transition detection circuit XREDS. As described above, the normal word
line selection signal transition detection circuit XREGS detects a - 69
transition of the normal word line selection signal SX and then outputs the
normal word |ine selection control signal SDMto the reference word |ine
control circuit RREGU which is used for selection of normal word 5 |ines.
Thus, when the normal word line selectroﬁ7érgnal transition detection
circuit XREGS is provided, there is a concern that the output timng of the
normal word |ine C selection control signal SDMis delayed with respect to
that of the normal word line selection signal SX, and 10 accordingly, a
time differenasedgndansadoi@thigess 1 h&lhrd sedpnidards word Aénposeheralionf the
reference cell word line RALO and the potential of the nenory array nornal
word | i ne MAL.cottbmel arignal aSDR cindicaloys dhatsanyeofl tther gemoumberrafy nenory
cells MCO are connected to the nornmal word lines, the wire 15 capacitance
(gat e capaci t aredyndant hwondr dineso ReHL riss salewteddonIimarespoheer itei ng

transition of the potential. of the normal word lines. Thus, a delay of the
nor nal this trigger signal SDR, the reference word line control
5 circuit RREDU raises the potential of the reference cell

word line RWL1. The number of signal lines, j (where j

is a natural number), included in the signal line group

c:! for transmitting the redundant word 1ine selection control
signal SDR may be smaller than the number of signal lines,

10 m, included in the signal line group for transmitting the

redundant word line selection signal RX.

In this embodiment, the redundant word line

selection control signal SDR which indicates selection

15 of the memory array redundant word lines ReWL is input
from the redundant word line selection signal transition

C detection circuit XREDS to the reference word line control
circuit RREDU, whereby the reference word line control
circuit RREDU raises the potential of the reference cell

20 word line RWL1l. However, the present invention is not
limited to such a structure. For example, without
providing the redundant word line selection signal
transition detection circuit XREDS, the redundant word

line selection signal RX may be directly input to the



word |ine selection control signal SDM caused by the normal word |ine
transition detection 20 circuit XREGS rarely causes a
timngs of the potentials of the reference cel
word |ine MAL. As descri bed

sel ecti on signa
di fference between rise
word |ine RALO and the nenory array norna

above, the redundant word line - 70 selection signal transition detection
circuit XREDS detects a transition of the redundant word |line sel ection
signal RX and then outputs the redundart &ford line selection control

SDR to the reference word line 5 control

sel ecti on of

si gnal -

circuit RREDU which is used for
redundant word |ines. Thus, when the redundant word |ine
sel ection signal transition detection circuit XREDS is C provided, the

out put tim ng ©éfébhenEadiordBNi neUcht#dE ciFead! IRNEPRhFBlLgh HB83Gn8ER i s
del ayed with respect to 10 that of the redundant word |ine selection

RX. However,

| i i digy oifs Enéll adingue stignidlel Whes , GipEece bt reéfeirbace

si gnal

redundant word |ines and the nenory cells MCL, a delay of the redundant

word line sel eebi@nl twetdeon trsl godtc$DR RREPUdraY skbethedpodant 1aar @£l i ne
selection 15 signal transition detection circuit XREDS rarely causes

di f ference betwieenrefeeehcei rgd lowddiEe JniemMWkl s of

word line RAL1 and the nenory array

5

10

15

20

In the case where the reference cell word line RWL1

a

the reference cel

isselectedusingtheredundantwordlineselectionsignal-

transition detection circuit XREDS, the signal 1line group
for transmitting the redundant word 1line selection
signal RX may include only one signal line or a plurality
of signal lines inconsiderationof the structure and layout
area of the reference word line control circﬁit RREDU.
As a matter of course, the number of signal lines can be
considerably reduced when the redundant word line
selection signal transition detection circuit XREDS is
provided, as compared with when the redundant word line
selection signal RX is directly input to the reference
word line control circuit RREDU throughasignal line group
including m signal lines without providing the redundant
word line selection signal transition detection

circuit XREDS.

As described above, the normal word 1line selection

signal transition detection circuit XREGS detects a



redundant word line ReW.. 20 An operation of the above structure is now
described. Specifically, a data read operation perfornmed when a
non-redundant normal word line MAL is selected is described with reference
to the timng chart of Figure 6. 71 In Figure 6, the horizontal axis
represents tine (to to t6), and the vertical axis represents the voltage

| evel of each signal. Figure 6 shows, fromthe top to the bottom of Figure
6, supply voltage VCC, the node 5 voltagé®W. for word lines; a chip
enabling signal CE# which is a control signal for activating the storage
device; an output enabling signal OE# which is a control signal v., for
permtting data output; the word |ine enable ATD signal SPWwhich is output

froman addrestsrdnsdBibhoof tRedabeffallolrorid Quire AAdledtonosighanosg | i ne
sel ection control signal SDM the redundant word |ine selection control

signal SDR, thendotisen ichtmits hehé aiermat ewsed! 1inerseleceibil &onthel
potential of the reference cell word line RALL; the normal word |ine
sel ection signalgi] $hM 13 ot ¢hei al refetbrceaenwordr r dineor mabnweod | i ne
MAL; and the potential of the nenory array redundant word line ReW.. ¢
When bot h t he cir@uihaBREGY shioh| i Chisexdh d dihasedigighitore meEbhiomgqadi goald OE#
are at the ground level, a data read
5 lines. Thus, when the normal word line selection signal
transition detection circuit XREGS is provided, there is
a concern that the output timing of the normal word line
c: selection control signal SDM is delaved with respect to
that of the normal word line selection signal SX, and
10 accordingly, atimedifference is caused between the rising
times of the potential of the reference cell word 1line RWLO
and the potential of the memory array normal word 1line MWL.
However, in an actual device, since a large number of memory
cells MCO are connected to the normal word lines, the wire
15 capacitance (gate capacitance) of the normal word lines
almost dominates the rising transition of the potential.
{: of the normal word lines. Thus, a delay of the normal
word line selectioncontrol signal SDMcausedby the normal
word line selection signal transition detection
20 circuit XREGS rarely causes a difference between rise

timings of the potentials of the reference cell word

line RWLO and the memory array normal word line MWL.

As described above, the redundant word 1line



operation can be perforned. 20 Referring to Figure 6, after the storage
device 30 is powered on at tine to, the node voltage HAL for word |ines,
which is used for reading of data, begins to rise at tinme tl. - 72 At tine
t2 which occurs inmediately after the storage device 30 is powered on, the
non-vol atile sem conductor storage device 30, such as a flash EEPROM 5 is
In a data readable state. That is, in this state, data can be read out from
the storage device 30 by decreasing the7&ip enabling signal CE# to the
ground level. C Then, at tine t3, the word |ine enable ATD 10 signal SPW
rises in response to falling of the chip enabling signal CE#. In response
to the rising of the word Iine enable ATD signal SPW the nornal word |ine

predecoder XPRfldctbes (dEghel Tdrawsdilone detestion &iBeal t SKRens
outputs this raised signal SX to the normal 15 word |ine decoder XDEC and

the normal wordgbtiedres seteanisarion §athd r¥middat deirerlioe §£168tioXRECS. C
At tinme t4, in response to the rising of the normal
signal RX and then outputs the redundant word line
selection control signal SDR to the reference word line
5 contrel circuit RREDU which is used for selection of
redundant word lines. Thus, when the redundant word line
selection signal transition detection circuit XREDS is
c: provided, the output timing of the redundant word line
selection control signal SDR is delayed with respect to
10 that of the redundant word line selection signal RX.
However, in this case also, due to the wire capacitance
of the redundant word lines and the memory cells MCl, a
delay of the redundant word line selection control
signal SDR caused by the redundant word line selection
15 signal transition detection circuit XREDS rarely causes
a difference between rise timings of the potentials of

(: the reference cell word line RWL1l and the memory array

redundant word line ReWL.

20 Anoperationof theabove structure isnowdescribed.
Specifically, a data read operation performed when a
non-redundant normal word line MWL 1is selected 1is

described with reference to the timing chart of Figure 6.



word |ine selection signal SX, the normal word |line 20 decoder XDEC begins
to raise the potential of the predetermned nenory array normal word |ine
MAL. On the other hand, the normal word |line selection signal transition
detection circuit XREGS detects a 73 transition of the normal word line
selection signal SX (high |evel voltage), and then outputs the normal word
line selection control signal SDMto the reference word |ine control

circuit RREGQU which is used for selectirofl5-of normal word lines. The
reference word line control circuit RRSGU detects that the normal word |ine
selection control- signal SDMreaches the supply voltage |level, and C begins
to raise the potential of a predetermned reference cell word line RALO As

described above, the gpeFaghee 610thenRopizbheancarik ¥@peekbnesseifsti on
signal transition detection circuit XREGS is conpensated for by the wire

capaci tance of{toheowosd,| an@sthe BOFEi€Xl edikis arepibeentorthe vdELAGEE
timng of the predeterm ned potential of the reference cell word Iine RALO

and the rise tlevielg off ddeh 16ignellet eFhgaed Seghiowsar rEnomori@l tawr dol | ne
MAL occur at substantially the sane tinme. C After a while, reading of data
I's conpl et ed, thred bottom of Figure 6, supply voltage VCC; the node
5 voltage HWL for word lines; a chip enabling signal CE#
whichisacontroisignalforactivatingthestoragedevice:
an output enabling signal OE# which is a control signal
c: for permitting data output; the word line enable ATD
signal SPW which is output from an address transition
10 detection circuit ATD:; the normal word line selection
control signal SDM: the redundant word line selection
control signal SDR; the potential of the reference cell
word line RWLO: the potential of the reference cell word
line RWL1l; the normal word line selection signal S8X; the
15 potential of the memory array normal word line MWL; and
the potential of the memory array redundant word 1ine ReWL.
c:’ When both the chip enabling signal CE# and the output
enabling signal OE# are at the ground level, a data read
operation can be performed.
20
Referring toFigure 6, after the storagedevice 30
is powered on at time t0, the node voltage HWL for word

lines, which is used for reading of data, begins to rise

at time t1.



then, the word |ine enable ATD signal SPWfalls to a low 20 level at tine
t5. As a result, both the reference cell word Iine RALO and the potential of
the predeterm ned nenory array normal word line MAL falls.to the ground
level at tinme t6. - 74 1In this way, the potential of the reference cel
word line RALO is raised in response to a trigger signal, i.e., the nornal
word line selection signal SX which is wused for selecting the nenory array
normal word line MAL 5 or the nornmal werdd ine selection control signal SDM
whi ch indicates selection of the nmenory array normal word |ines MA,
whereby a difference in the rise timngs of 4. both the potential of the
reference cell word line R\LO and the potential of the nenory array nornal
word line MAL 10 can be elimnated as nuch as possible to a negligible

| evel, while the | oad capacitances of the reference cell word |ine RALO and

the menory array nor mt Wpifle! £ne wMilePesoEEBr s Cqbitle did tRAGH #EBEE. thRUS, the
possibility that the sense anplifier S/A commts erroneous reading is

consi derably 15tsedyeecdigveseaot hesstgshepbaa €ala tRad RERLObIARI1e
Furthernore, if the possibility of erroneous reading is C considerably

reduced, the tgemdgonluthersitbtaget @deddéd B0AUsOPRIHd I0F 1QSEMUEEPRAM, I er,
and as a result, the data
5 is in a data readable state. That is, in this state, data
can be read out from the storage device 30 by decreasing

the chip enabling signal CE# to the ground level.

Then, at time t3, the word line enable ATD

10 signal SPWrisesinresponse tofallingof thechipenabling
signal CE#. 1In response to the rising of the word line
enable ATb signal SPW, the normal word line
predecoder XPDEC raises the normal word line selection
signal SX and outputs this raised signal SX to the normal

15 word line decoder XDEC and the normal word line selection

signal transition detection circuit XREGS.

At time t4, in response to the rising of the normal
word line selection signal SX, the normal word line
20 decoder XDEC begins to raise the potential of the

predetermined memory array normal word line MWL.

On the other hand, the normal word line selection

signal transition detection circuit XREGS detects a



read speed can be further increased w thout causing 20 erroneous readi ng of
data. Next, a data read operation perforned when a redundant word line is
selected is described with reference to the timng chart of Figure 7. In
Figure 7, a redundancy - 75 determnation signal MD and a redundant word
line selection signal RX are considered in addition to the various signals
descri bed above, and a redundant word line is considered in place of the
menory array normal word 5 line MAL. The78peration fromtinme tO through tine
t3is totally the sane as that described in Figure 6, and theref ore, the
description thereof is herein omtted. The C follow ng description begins
with tinme t4. 10 After a while since the word |ine enable ATD signal SPW

has risen. thealdilidre ! iHe RELAGY ABraShdRdl =2 ddEhon Lo16he) SURP! Y.
voltage level at tinme t4. The normal word |1 ne selection signal transition

detection ci rguigh XRRRS dpdBeage) NeahtaRBihi QtYutld OB NALr fod | i ne

sel ection signal SX (high |evel voftage) so as to raise the nornal word
line sel ectionigigedledd WinlcorMol Gidnd ESSPMSEo ehé Ntef &PEREEI @Hrgbot h

the reference cell word line RALO and the nenory array normal word |ine MAL
begin to rise.line control circuit RREGU which is used for selection
5 of normal word lines. The reference word line control
circuit RREGU detects that the normal word line selection
control signal SDM reaches the supply voltage level, and
C begins to raise the potential of a predetermined reference
cell word line RWLO. As described above, the operaticn
10 time of the normal word line selection signal transition
detection circuit XREGS is compensated for by the wire
capacitance of theword lines tosome extent, and therefore,
the rise timing of the predetermined potential of the
reference cell word line RWLO and the rise timing of the

15 predetermined memory array normal word line MWL occur at

substantially the same time.

After a while, reading of data is completed, and

then, the word line enable ATD signal SPW falls to a low

20 level at time t5. As a result, both the reference cell
word line RWLO and the potential of the predétermined
memory array normal wo:r.jd line MWL falls to the ground level

at time té6.



20 However, imedi ately after that, the redundancy determ nation signal M
I's output fromthe redundant word |ine predecoder XPRDEC to the normal word
line predecoder XPDEC at time t4. Both the normal word line - 76 selection
signal SX and the normal word line selection control signal SDM which

I ndi cates selection of a normal word Iine decrease to a low level. As a
result, the reference cell word |ine RALO and the potential of the 5 nenory
array normal word line MAL transition to7t4he ground level. In this way, in
response to the issuance of the redundancy determ nation signal MD, the
redundant word 10 |line predecoder XPRDEC outputs the redundant word |ine
sel ection signal RX to the redundant word |ine decoder XRDEC and the

redundant word |ine selfenigNwaydNehe HoeBAItERANcFCLRE! fOPeFERER! LeXREDS. 15
Then, the redundant word line séelection signal transition detection circuit

XREDS det ect s yarid aAsie iIFNLO Gfs Fheskadindaddpowsd 4d Retsehgeli eRgakgnal RX
(high level 4 voltage) and outputs the redundant word |ine selec?lon
control signali SR tthd ibrid ErvsE® MOKEl 44 1Ec€08h §1gndd 8RN GHEEhRREDU.
used for selecting the memory array normal word line MWL
5 or the normal word line selection control signal SDM which
indicates selection of the memory array normal word
lines MWL, whereby a difference in the rise timings of
C both the potential of the reference cell word line RWLO
and the potential of the memory array normal word line MWL
10 canbeeliminated as much as possible to a negligible level,
while the load capacitances of the reference cell word
line RWLO and the memory array normal word line MWL become
equal to each other. Thus, the possibility that the sense
amplifier S/A commits erroneous reading is considerably
15 reduced even at the start of a data read operation.
Furthermore, if the possibility of erroneous reading is
C' considerably reduced, the timing of the start of a data
read operation occurs earlier, and as a result, the data
read speed can be further increased without causing

20 erroneous reading of data.

Next, a data read operation performed when a
redundant word line is selected is describedwith reference

tothe timing chart of Figure 7. InFigure 7, a redundancy



At time t5, the reference word line control ~circuit RREDU begins to raise
the potential of the reference cell word line RALL in response to the
rising - 77 of the redundant word |ine selection control signal SDR At
the same time, the redundant word |ine decoder XRDEC begins to raise the
potential of the predeterm ned nenory array redundant word line ReW in
response to the rising 5 of the redundant word |ine selection signal RX
~"N |In this exanple, after the potential 76f -t he nmenory ~r+ array nor nal
word line MAL began to rise, the nenory array nornmal word line MAL is
cancel ed and switched to the 10 predeterm ned nenory array redundant word
line ReWL.. This is because, as described above, the normal word line

pr edecoder XPRRG: skt a0hy bogHes ibe anam™h vRLduhibRt SRLea!i 9inai onal

SX whil'e the redundant wor predecoder XPRDEC I's considering et her
the 15 predet efdl &@6i 68 "B YnAN" RK H¥dBtoNffetbi® iMaddit S04 L £§EnkO the

predeterm ned nmenory array redundant word C line ReW based on the address
signal ADD, aneh@rées didflals deSBLhBed a50é N a¥fa hiyBausddRaWdrel1i Ak

canceling the normal word ilne sel ection signal SX by the redundancy 20

~determination i4 gheisMierédt eh B1Y¥Be! Bf 80y ddéPay SnéLHRLEHEEa and

5 line MWL. The operation from time t0 through time t3 is
totally the same as that described in Figure 6, and

therefore, the description thereof ishereinomitted. The

c: following description begins with time t4.

10 After a while since the word line enable ATD
signal SPW has risen, the normal word line selection
signal SX rises to the supply voltage level at time t4.
The normal word line selection signal transition detection
circuit XREGS detects the transition of the normal word

15 line selection signal SX {high level voltage) so as to
raise the normal word line selection control signal SDM.

(:' In response tc this operation, both the reference cell
word line RWLO and the memory array normal word line MWL
begin to rise.

20

However, immediately after that, the redundancy
determination signal MD is output from the redundant word
line predecoder XPRDEC to the normal word line

predecoder XPDEC at time t4. Both the normal word line



then, the word |ine enable ATD signal SPWfalls to a low level at tine t6.
In response to the falling of the word - 78 1|ine enable ATD signal SPW
both the reference cell word line RAL1L and the nmenory array redundant word
line ReW. fall to the ground level at time t7. 5 As descri bed above in
conjunction wth the conventional art, in a conventional nmenory device,
when it is necessary to replace the predeterm ned nenory array \r nor mal
word line MAL sel ected based on an inpudt 7&8ddress signal with the nenory
array redundant word line ReW,, 10 the normal word line selection signal SX
is generally canceled after a redundancy determ nation process is

conpleted, and thereafter, selection of redundant word |ines is perforned.

Thus, the risgdidBtoRfsiffaPosRNEhA! thef nbiaTBRRIna A kY $&1adagh word
line ReWL is inevitably 15 delayed with respect to the rise timng of the

potential of dditRSEEQlgHAT MEIsM RRIRILY iddida tay Bl eMtithi ivteaMibrmal
Therefore, in the case of using a conventional reference word |line control

net hod, a consigiel abifet dERrdddecr€CE low Maiced Rat weaReddier [ i 8Ret i M NQ
of the potential of 20 the reference cell word line RAL and the rise timng

of the potentdefer¥nddecdBIDGYrar late’ RALDIANA Wi ddten BN . of AERAT di Ng
to the present invention, however, a
5 memory array normal word line MWL transition to the ground

level.

c:' | In this way, in response to the issuance of the
redundancy determination signal MD, the redundant word

10 line predecoder XPRDEC outputs the redundant word line
selection signal RX to the redundant word 1line

decoder XRDEC and the redundant word line selection signal

transition detection circuit XREDS.

15 Then, the redundant word line selection signal
transition detection circuit XREDS detects a transition

(: of the redundant word 1line selection signal RX (high level
voltage) and outputs the redundant word line selection

control signal SDR to the reference word line control

20 circuit RREDU.

At time t5, the reference word line control
circuit RREDU begins to raise the potential of the

reference cell word line RWL1l in response to the rising



delay tinme produced by replacenent of the menory array - 79 normal word
line MAL with the nenory array redundant word |ine ReW. is conpensated for
by performng simlar replacenent in the reference array RA anbng a
plurality of reference cell word lines RAL (in the above exanple, 5 two
reference cell word lines RALO and RAL1). That is, a selection

determ nation section fornmed by the normal word |ine predecoder XPDEC and

t he redundant word |line predecoder XPRDEG deterni nes which of the nenory
array normal word line MAL and the nenory array redundant word 10 |ine ReW
IS to be selected based on address information. After the determ nation,
the normal word |ine decoder XDEC (or the redundant word |ine decoder

XRDEC) sel ect ot ke FRARNAaNY A¥rACL MRE ¥018ctiBR MMktLel sDgnaBNBDOK . array
redundant word line ReW), and at the sane tinme, the 15 reference word |ine

control circuidt RifRGdam adtines, ustsl rd@indh€Giéed Pindds@bdder gRbERES (Or

the reference word line control circuit RREDU which is used for selection

of redundant vsEdghindsnesrasekcthé gditen €i£1 VT ehechredtdrmline@SmENEOy( or
RW.1). Thus, even when the nenory array 20 redundant word line ReW 1Is

sel ected, the diatay reatinddet woard De e ReWE! W Heepiordas o ehat rogihbe
sensing ability of the sense anplifier S/A
5 of the redundant word line selection signal RX.

In this example, after the potential of the memory

C array normal word line MWL began to rise, the memory array
normal word line MWL is canceled and switched to the

10 predetermined memory array redundant word line ReWL.

This is because, as described above, the normal word line

predecoder XPDEC undesirably issues the normal word line

selection signal SX while the redundant word line

predecoder XPRDEC is considering whether the

15 predetermined memory array normal word line MWL is
switched to the predetermined memory array redundant word
c: line ReWL based on the address signal ADD, and accordingly,
a certain length of time is required for canceling the

normal word line selection signal SX by the redundancy

20 determination signal MD.

After a while, reading of data is completed, and
then, the word line enable ATD signal SPW falls to a low

level at time t6. In response to the falling of the word



As descri bed above, according to this enbodinment - 80 of the present

I nvention, the potential of the reference cell word Iines RALO (or RW1)
and the potential of the nenory array normal word line MAL (or the nenory
array redundant word line ReW) are raised in a synchronous 5 manner. Thus,
even if the sensing timng of the sense anplifier S/Ais set to occur prior
to the rise timng of the word |ines by the address transiti'on detection C
circuit ATD, high speed reading of data d8n-be achi eved wi thout causing an
erroneous operation. Furthernore, due 10 to such an arrangenent, a

consi derabl e sensing margin can be obtained for achieving secure data

readi ng. Al though not specifically described in the above enbodinent, a

sem conduct or isitr @RIV AT® 8% ghlkilS spip, BERediERBRNFetaRchee! eaﬁltﬂ Yord
i ncorporated in an infornation apparatus, represented by a cellul ar

tel ephone terniyidd RWEL tind tHA S itray Fddindsst SkRd) 11 REdRERLSUCh an
~r information apparatus, a high- speed data reading effect of the present

i nvention can flil DI edl. gFetnaxaspes. at2Giire t4e, case of a cellul ar
t el ephone term nal, character information and inmage information used in an

e-mail system or the like, can be transmtted/received as well as sound
i nformati on. These information are stored in a

5 As described above in conjunction with the
conventional art, in a conventional memory device, when
it is necessary to replace the predetermined memory array
c:' normal word line MWL selected based on an input address
signal with the memory array redundant word line ReWL,
10 the normal word line selectijion signal SX is generally
canceled after a redundancy determination process is
completed, and thereafter, selection of redundant word
lines is performed. Thus, therise timingof the potential
of the memory array redundant word 1line ReWL is inevitably
15 delayed with respect to the rise timing of the potential
of the predetermined memory array normal word line MWL,
C: Therefore, in the case of using a conventional reference
word line control method, a considerable time difference
- is produced between the rise timing of the potential of

20 the reference cell word line RWL and the rise timing of

the potential of the memory array redundant word l1ine ReWL.

According to the present invention, however, a

delay time produced by replacement of the memory array



non-vol atil e sem conductor storage device, such as a flash - 81 nenory, and
nor eover, the anount of such information to be processed has been

i ncreasing along with the devel opnent of functions of cellular telephone
termnals. Accordingly, there is a growing demand for further 5 increasing
t he speed of processing such information. Specifically, for exanple, a
reduction of the tine required ~~"" for reading data to be conpressed/
deconpressed for transm ssion, a reducti @8 ef the time required for reading
control codes, such as a programused for such data 10

conpr essi on/ deconpressi on, a reduction of the tine required for executing

t he data conpressi on/ deconpression, or the |like, have been demanded. A

seni conduct or nrefA0GordeYi f€ ANLIPELRIREAEmbRIYCRLFAY F88uREah?akd )
i ncorporated in an information and control codé storage section, and 15

satisfy the ahawer desiri ied dempedsatea hegh- We%effﬁﬁﬁﬂﬁbi Ofi R{ PEESSI Ng.

C For exanple, consider an information apparatus 40 having a structure

shown in Fi gurepiBcdmstt ah ameidefetendd drt 8PN GakeH G AP 1uddBi t
i nformati on apparatus 40 includes: an information and control code é¥orage

section; a nef pé¢feirelitd Gl SRAd Qinds HWIRS( IR HB 808 detdifple,

5 two reference cell word lines RWLO and RWL1). That is,

a selection determination section formed by the normal

word line predecoder XPDEC and the redundant word line

c: predecoder XPRDEC determines which of the memory array

normal word line MWL and the memory array redundant word

10 line ReWL is to be selected based on address information.

After the determination, the normal word line decoder XDEC

(or the redundant word line decoder XRDEC) selects the

memory array normal word line MWL (or the memory array

redundant word line ReWL)}, and at the same time, the

15 reference word line control circuit RREGU which is used

for selection of normal word lines (or the reference word

(:' line control circuit BREDU which is used for selection

of rgdundant word lines) selects the reference cell word

lines RWLO (or RWLl). Thus, even when the memory array

20 redundant word line ReWL is selected, the data read time

can be reduced without deteriorating the sensing ability

of the sense amplifier S/A.

As described above, according to this embodiment



or the like; a display section for displaying an initial inmge, results of
I nformati on processing, or the like, - 82 such as a liquid crystal display
device; a transm ssion/reception section for transmtting/receiving
information; and a CPU (central processing unit) for performng read/ wite
processing 5 (nenory operation) on the informati on and control code storage
section in response to an input manipulation instruction fromthe
mani pul ati on i nput section based on C a predeterm ned i nformati on processing
program and relevant data when certaim % ormation is transmitted or 10
received, while perform ng various information processing. A sem conductor
storage device of the present invention can readily be enployed as the
information and control code storage section, and in such a case, a _
hi gh-speed daifa theagrefsent infrentd qif eate poeartiadn ofFathberaebirered 15 in
the information apparatus 40. As described above, according to the present
i nvention, theeqhl erdréllinies RWLO {oNRWL1 ) arfletkacpoteglliaandft hne
potential of a word Iine of a nmenory cell 20 fromwhich data is to be read
out are rai sednemoxy syncayonorsalmaomd 1imeeMWIheorr etloe ngebrgataray
started before the potential of an intended word |line reaches a
pr edet er mi ned redundant word line ReWL) are raised in a synchronous
5 manner. Thus, even if the sensing timing of the sense
amplifier S/A is set to occur prior to the rise timing
of the word lines by the address transition detection
C: circuit ATD, high speed reading of data can be achieved
without causing an erroneous operation. Furthermore, due
10 to such an arrangement, a considerable sensing margin can

be obtained for achieving secure data reading.

Although not specifically described in the above

embodiment, a semiconductor storage device of this

15 embodiment can be readily incorporated in an information
apparatus, represented by a cellular telephone terminal

c: _ or é PDA (personal digital assistant), and in such an
information apparatus, a high-speed data reading effect

of the present invention can be obtained. For example,

20 in the case of a cellular telephone terminal, character
information and image informationused inane-mail system,

or the like, can be transmitted/received as well as sound
information. These information are stored in a

non-volatile semiconductor storage device, such as a flash



voltage as in a conventional device, the data read speed can be increased
W t hout causing an erroneous operation. - 83 Further, due to such an

i nprovenent of the data read speed, a considerable sensing margin can be
obtained for achieving secure data reading. 5 Furthernore, a first word
line (or a second word |ine) of a reference array and a norrmal word |ine
(or a redundant word line) of a nenory array have the sane |oad " ~.

capaci tance. Thus, the rise timngs of -tlBdse word lines are also the sane,
and as a result, the read access time 10 can be further reduced w thout
causing an erroneous operation. Further still, a sem conductor storage
device of the present invention can be readily enployed in an 15

i nformation aRRAFGEYS akdtndFeSYER, 2t k8SEmodnt| 8P~ SRERY HRb Amhgadnetbect of
the present inventi'on can be achieved f” In a data read operation of the

i nformation am&?i\bééssed\fﬁdé BHEnGI e AP § WA BNIORSt Withle dEvEPEpRMEAE 10 20

and can be readily made by those skilled in the art without departing from
the scope and i rigurftidis | vent ideLluyweor diddphohé | St&phihalgnded

that the scope of the clains appended hereto be limted to the description
as set forth Aeietdinguy,r aﬁitfh’?ﬂ‘et hat aheydwing lERentim@difprconsttHed.
5 increasing the épeed of processing such information.
Specifically, forexample, areduction of the time required
for reading data to be compressed/decompressed for
C transmission, a reduction of the time required for reading
contrel codes, such as a program used for such data
10 compression/decompression, a reduction of the time
required for executing the data compression/decompression,
or the like, have been demanded. A semiconductor storage
device of the present invention can be readily incorporated
in an information and control code storage section, and

15 satisfy the above-described demands for high-speed

information processing.

For example, consider an information apparatus 40

having a structure shown in Figure 18, such as a cellular

20 telephone terminal. The infermation apparatus 40
includes: an information and control code storage section;

a manipulation input section, such as manipulation keys

or the like: a display section for displaying an initial

image, results of information processing, or the like,



- 84 - WHAT IS CLAIMED IS: 1. A sem conductor storage device, conprising: a
menory array including a plurality of nmenory cells; a reference array
including a plurality of reference cells; a decoder section for selecting a
menory cell from the nenory cells and a reference cell fromthe reference
cells based on address information; and a conparison /output section for
conparing a read voltage |level fromthe nenory cell selected by the idecoder
section and a read voltage |evel fromthé&2eference cell selected by the
decoder section so as to output a result of the conmparison in the form of
data, wherein the decoder section sinultaneously outputs a read selection
signal to a word line of the nenory cell and a read selection signal to a

word line of ddnrefgyenge _Cﬁ.lihtui%l- ActgitaaNduglian 1$hor agevded ce o
according to claiml1l, wherein: the nenoiy array iIncCludes one or nore nenory

cell's respectivehymeosnenyedckptaonor mal word Id&@eignd one or 85¢4,

transmitting/receiving information; and a CPU (central

processing unit) for performing read/write processing

5 (memory operation) on the information and control code

storage section in response to an input manipulation

instruction from the manipulation input section based on

C:' a predetermined information processing program and

relevant data when certain information is transmitted or

10 received, while performing various information processing.

A semiconductor storage device of the présent invention

can readily be employed as the information and control

code storage section, and in such a case, a high-speed

data read effect of the present invention can be achieved

15 in the information apparatus 40.

c: As described above, according to the present
invention, the potential of a word line of a reference
cell and the potential of a word line of a memory cell

20 fromwhichdata is to be read cut are raised in a synchronous
manner. Even when reading of data is started before the
potential of an intended word line reaches a predetermined
voltage as in a conventional device, the data read speed

can be increased without causing an erroneous operation.



nore menory cells respectively connected to a redundant word |line; and the
reference array includes a first reference cell which is conpared with the
menory cells connected to the normal word line, and a second reference cel
which is conpared with the nenory cells connected to the redundant word
line. C 3. A sem conductor storage device according to claim2, wherein:
when the normal word line is selected, the decoder section selects a first
word line connected to the first refereB8e-cell sinultaneously with
selection of the normal word |ine; and when the redundant word line is

sel ected, the decoder section selects a second word |ine connected to the
second reference cell sinultaneously with selection of the redundant word

line. 4. A sempaiKbie! AueStOs¥dh AR VintrArERrH RE ERedptdrdad ¥pEEEL N t he
decoder section includes: a selection determnation section for determ ning

whi ch of the nrp&ésRbkiBBEELIENFeREthd RErgedEwRbe oWisihéd%or SchPePengel ect ed
based on address infornation; - 86

secure data reading.

5 Furthermore, a first word line {(or a second word

line) of a reference array and a normal word line (or a

redundant word line) of a memory array have the same load

C:? capacitance. Thus, the rise timings of these word lines
are also the same, and as a result, the read access time

10 can be further reduced without causing an erroneous

operation.

Further still, a semiconductor storage device of

the present invention can be readily employed in an

15 information apparatus, and in such a case, a high-speed
data read effect of the present invention can be achieved

c: in a data read operation of the information apparatus.

Various other modifications will be apparent to

20 and can be readily made by those skilled in the art without
departing from the scope and spirit of this invention.
Accordingly, it is not intended that the scope of the claims
appended hereto be 1imited to the description as set forth

herein, but rather that the claims be broadly construed.



a normal word line control section for selecting the normal word |ine
according to the address information when it is determ ned that the nornal
word line is to be selected; a redundant word |ine control section f or
selecting the redundant word |ine according to the address p” information
when it is determned that the redundant word C line is to be selected; a
first reference word line control section for selecting the first word |line
when it is determned that the normal gyord line is to be selected; and a
second reference word line control section for selecting the second word
line when it is.determned that the redundant word line is to be sel ected.
5. A sem conductor storage device according to claim4, C wherein: ~w when
it is determned that the normal word line is to be selected, the first
reference wORT e EohifBP ISection receives a selection signal for the

normal word 1line or a signal indicating that the normal word line is to be
sel ected, and selects the first word line, using as a trigger, the
sel ection signal for the normal word I|ine or the signal indicating that the

normal word Y+ rfe segizconductor storage device, comprising:

a memory array including a plurality of memory
cells:;

a reference array including a plurality of
reference cells;

a decoder section for selecting a memory cell from
the memory cells and alreference cell from the reference
cells based on address information:; and

a comparison/output section for comparing a read
voltage level from the memory cell selected by the decoder
section and a read voltage level from the reference cell
selected by the decoder section so as to output a result
of the comparisen in the form of data,

wherein the decoder section simultaneously

outputs a read selection signal to a word line of the
memory cell and a read selection signal to a word line

of the reference cell.

2. A semiconductor storage device according to claim 1,
whérein:
the memory array includes one or more memory cells

respectively connected to a normal word line, and one or



IS to be selected; and when it is determ ned that the redundant word |ine

Is to be selected, the second reference word line control section receives
a selection signal for the redundant word |ine or a signal indicating that
t he redundant word line is to be selected, and selects the second word
line, using as a trigger, the selection signal for the redundant word C
line or the signal indicating that the redundant word line is to be:
selected. 6. A sem conductor storage devi&e according to claim4, wherein:
a first test signal can be input to the first reference word |ine control
section, and the first reference cell is enforcedly selected in response to
the first test signal; and C a second test signal can be input to the

second C ref erth'éemé‘ﬁéP?' eafls%éﬁécéi%ugncoﬁa@c% %%canéeahﬁfa%ecnci

cell is enforcedly selectied I n response to second test signal
sem conduct or g4pgagendeviap@ according to claim4, wherein: an address
transition detection S|gnal which is - 88

thereference array includesafirst reference cell
which is compared with the memory cells connected to the
normal word line, and a second reference cell which is
compared with the memory cells connected to the redundant

word line.

3. A semiconductor storage device accofding to claim 2,
wherein:

when the normal word line is selected, the dececder
section selects a first word line connected to the first
reference cell simultaneouslywith selection of the normal
word line; and

when the redundant word line is selected, the
decoder section selects a second word line connected to

the second reference cell simultaneously with selection

0

of the redundant word line.

4. A semiconductor storage device according to claim 3,
wherein the decoder section includes:

a selection determination section for determining
which of the normal word line and the redundant word line

is to be selected based on address information;



output in response to detection of a change in the address information, can
be input to both the first reference word |ine control section and the
second reference word line control section; and when the address transition
detection signal is input, control of reference word |lines can be
performed. 8. A sem conductor storage device according to claim?2, wherein
the first reference cell and the second reference cell are set to the sane
threshol d value. 9. A sem conductor storage device according to claim 2,
wherein the first reference cell and the®%cond reference cell are conmmonly
connected to the sanme bit line. 10. A sem conductor storage device according
to claim?2, C wherein the |oad capacitance of a first word |line connected
to the first reference cell and the | oad capacitance of a second word line

connected to the secord noafmeileneadeline avateglaketeibhefbeagdetaptsingance of
the normal word line and the |oad capacitance of the redundant word i ne,

respectively. th&8%orhial xosdnitnadaedordshgriagehedcsideeascindbpfatodl ai m 3,
wherein the first reference cell and the second reference cell are set to
the sane threstsloénl ivalise delt rml resdn tdontd ddieo mosina la g e iiaes decdrodbeg t o
claim3,
selected:
aredundant word linecontrol section for selecting
the redundant word line according to the address
information when it is determined that the redundant word
C: line is to be selected:;
a first reference word line control section for
selecting the first word line when it is determined that
the normal word line is to be selected: and
a second reference word line control section for

selecting the second word line when it is determined that

the redundant word line is to be selected.

5. A semiconductor storage device according to claim 4,
c: wherein:

when it is determined that the normal word line
is to be selected, the first reference word line control
section receives a selection signal for the normal word
line or a éignal indicating that the normal word line is
to be selected, and selects the first word line, using
as a trigger, the selection signal for the normal word

line or the signal indicating that the normal word line



wherein the first reference cell and the second reference cell are commonly
connected to the sane bit line. 13. A sem conductor storage device according
to claim3, wherein the |oad capacitance of the first word |line connected
to the first reference cell and the | oad capacitance of the second word

| ine connected to the second reference cell are equal to the | oad

capaci tance of the normal word |line and the | oad capacitance of the
redundant word line, respectively. C 4487An infornati on apparatus for
perform ng a data read operation using the sem conductor storage device
according to claiml.

is to be selected; and
when it is deterrﬁined that the redundant word line
is to be selected, the second reference word line control
section receives a selectic;n signal for the redundant word
line or a signal indicating that the redundant word line
is to be selected, and selects the second word line, using
as a trigger, the selection signal for the redundant word
C line or the signal indicating that the redundant word line

is to be selected.

6. A semiconductor storage device according to claim 4,
wherein:

a first test signal can be input to the first
reference word line control section, and the first
reference cell is enforcedly selected in response to the
first test signal; and

{:‘ a second test signal can be input to the second
reference word line control section, and the second
reference cell is enforcedly selected in response to the

second test signal.

7. A semiconductor storage device according to claim 4,
wherein:

an address transition detection signal, which is



output in response to detection of a change in the address
information, can be input to both the first reference word
line control section and the second reference word line
control section; and

when the address transition detection signal is

input, control of reference word lines can be performed.

8. A semiconductor storage device according to claim 2,
wherein the £first reference cell and the second reference

cell are set to the same threshold value.

9. A semiconductor storage device according to claim 2,
wherein the first reference cell and the second reference

cell are commonly connected to the same bit line.

10. A semiconductor storage device according to claim 2,
wherein the load capacitance of a first word line connected
to the;first reference cell and the lcoad capacitance of
a second word line connected to the second reference cell
are equal to the load capacitance of the normal word line
and the load capacitance of the redundant word line,

respectively.



)
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11. A semiconductor storage device according to claim 3,
wherein the first reference cell and the second reference

cell are set to the same threshold value.

12. A semiconductor storage device according to claim 3,
wherein the first reference cell and the second reference

cell are commonly connected to the same bit line.

13. A semiconductor storage device according to ¢laim 3,
wherein the load capacitance of the first word line
connected to the first reference cell and the load
capacitance of the second word line connected to the second
reference cell are egqual to the load capacitance of the
normal word line and the load capacitance of the redundant

word line, respectively.

14, An information apparatus for performing a data read
operationusing the semiconductor storage device according

to claim 1.





