;e3et 83%% Z. 76 8Tt 89 31 JUL 2003 SEM CONDUCTOR | NTEGRATED Cl RCU T AND
NONVQLATI LE MEMORY ELEMENT BACKGROUN I NVENTION 5 1. Fil dd Wt Hhe

| nventi on The present invention rﬁmﬁkﬁ m \ sem conduct or integrated
gircuit having electrically erasa grammabl e nonvol atile nenory
el enents, and relates, for exanple, t¥"“8thniques which are effective when
| a applied to a sem conductor integrated circuit having a nonvol atile

menory wherein two nonvol atile “ WWS are used as a storage unit.
2. Description of the Rel ated Apmmwmm years, as a nenory device in
which 15 data or programconstitutingcdata are stored, public attention has
been riveted to a fl ash EEPROM ( herei nbel ow, ternmed "flash nmenory")

Gatal dat o 1o poRtRFNRICton LR rRLRRERE Y TREN LR, RORYeAka L

collectively in predeterm ned ungbgory¥NgrEligRe Menmory has its menory cells
configured of electrically erasable and programabl e nonvol atil e nenory

el enents, and it is capable of erasing data or programconstituting data
once witten 25 into the nenory cells and rewiting (progranmm ng) new - 1

BACKGROUND OF THE INVENTION
5 1. Filed of the Invention
The present invention relates to a semiconductor
integrated circuit having electrically erasable and
( programmable nonvolatile memory elements, and relates,
for example, to techniques which are effective when
10 applied to a semiconductor integrated circuit having a
nonvolatile memory wherein two nonvolafile memory
elements are used as a storage unit.
2. Description of the Related Art:
In recent years, as a memory device in which
15 data or program-constituting data are stored, public
attention has been riveted to a flash EEPROM
(hereinbelow, termed “flash memory”) considered as a
’ nonvolatile storage device from/ihto which stored
data/data to be stored are electrically
20 erasable/programmable collectively in predetermined
units. The flash memory has its memory cells
configured of electrically erasable and programmable
nonvolatile memory elements, and it is capable of

erasing data or program-constituting data once written

25 into the memory cells and rewriting (programming) new



f 31 JUL 2Q03 data or programconstituting data into the nenory cells.
Therefiore, in the presence of, e. g., altering data, correcting the bugs of
a programor updating a 5 programafter a flash nmenory or a nacro§piutsia
having a built-in flash menory has been assenbled into an application
system data or data constituting the programas stored in the flash nenory
can be altered, so that a termfor the devel opnent of the application 10
system can be shortened, and that the flexibility of the devel opnment of the
program of the application systemis enhanced. On the other hand, in recent
years, note has al so been taken of a system sem conductor device 15
(hereinbe: Low, also ternmed "system LSI") wherein one system can be

construct ed gle2 St NgSoPERLCORUTEAE 1Al 28%Al 9o WG lndifylye By Tormi ng

on a single seniiconducaor su rate & central "processing un
(her ei nbel o, s0 termed "CPU') as a data control 20 device, a dynamc
random access nenory (hereinbelow, also ternmed "DRAM') as a | arge-scal e

storage device, a miatdforaNdDM exECpEelBABEY oEhekei ghel QWi ispy t er ned
"SRAM') a: a high-speed storage device or cache nenory, and ot her

functional adata) tcorSeething syséebuds b8l ai preqiaat iove dpatatgicang t he
size of a printed - 2 , 31 JUL 2003 circuit board or packaging circuit
board, & c. ,pargiraspefiel|y fbashedempny bire asmaeracdnipugtermarginge wei ght
of a portable tel ephone set, a portable data termnal, or the |ike portable
equi prent. 3 Ibridentnl flasfreporyiehasnpeeni agsembilied gmdseran i nventi on,
the inventors investjgated into known exanples froma viewoint-A and a

vi ewpoi nt - H 3R R HEPRVEY SHRMy | @8I AE- A28 FRAELAtHSIAAG Ith®n gate of 10

ahi e the. VAR -2 {S50FE] 1ot REnbLgSBoRPEOYaCar Har d SF S f foront | al
[0 o Si% R A PR k! Y s e ol
of U 3o PatssiitdW.cédn B, sHrtéhed pf Ahai Bhatiazakt g1ekitanansse s
the development of the program of the application
system is enhanced.
On the other hand, in recent years, note has
also been taken of a system semiconductor device
15 (hereinbelow, also termed “system LSI”) wherein one
system can be constructed of a single semiconductor
integrated circuit device by forming on a single
semiconductor substrate a central processing unit
(hereinbelow, also termed “CPU”) as a data control
20 device, a dynamic random access memory (hereinbelow,
also termed ”"DRAM”) as a large-scale storage device, a
static random access memory (hereinbelow, also termed
"SRAM") as a high-speed storage device or cache
memory, and other functional circuits. Such a system

25 LSI is effective for reducing the size of a printed



Pat ent Application Laid-open No. 212471/1992 (the official gazette of
corregponding U. S. Patent No. 5,457,335), and Qosaki et al., "A %Hnifenm
Pl oy EEPROM 20 Cell Structure for Use in Standard CMOS Processes"”, H:Eé
Journal of solid sate circuits”, VOL. 29, NO 3, March 1994, pp311l-316. On
t he ot her hand, regarding the viewpoint-B, there have been found out the
official gazettes of 25 Japanese Patent Applications Laid-open No. _ 3

31 JUL 2003 163797/1992, No. 263999/1989, No. 74392/1992, No. 127478/ 1992,
No. 129091/1992 and No. 268180/1994, and the official gazette of U S
Patent No. 5,029,131. Hy the way, the official gazette of , Tapanese 5

Pat ent Application Laid-open No. 212471/1992 di scloses also a techni que

which utili | jcall i |
Fomody ci rod i T Pt G g ARl e EIBBARY  BETor Abel ol garetie
contains the, ATy M}?‘trédl?cj?rgq Woé?%élgngeﬁéﬂtghfﬁﬁmth%f

single-layer gate ructure according to I's rnvention can be utilized

also as an Ql&YHY ¥ |y Py AHREB feph & 8s8b! ¢ POPYebRLI kgcaemory
el ement whi ch executes programm ng wth hot carriers and executes erasing

with a 15 t Wwelindd CWr effe yilapPortth Pe heghiyebhage to a source or a
drain, or which executes progranm ng and erasing with tunneling currents. i
SUWARY 50F THE | NIbEldedtally, after the completion of the

present invention, the inventors investigated into
known examples from a viewpoint-A and a viewpoint-B

( stated below.

The viewpoint-A 1is that a polysilicon gate of

10 single layer is used for forming the memory cell of a
nonvolatile memory, while the viewpoint-B is that two
memory cells are utilized in differential fashion.

As a result, regarding the viewpoint-A, there
have been found out the official gazette of U. 8.

15 Patent No. 5,440,159, the official gazette of U. S.
Patent No. 5,504,706, the official gazette of Japanese
Patent Application Laid-open No. 212471/1992 (the
official gazette of correspondiné U. S. Patent No.
5,457,335), and Oosakli et al., ”A single Ploy EEPROM

20 Cell Structure for Use in Standard CMOS Processes”,
IEEE Journal of solid sate circuits”, VOL. 29, NO. 3,
March 1994, pp311-316.

On the other hand, regarding the viewpoint-B,
there have been found out the official gazettes of

25 Japanese Patent Applications Laid-open No.



20 The docunments found out by the investigation into the known exanpl es
have not disclosed at all the viewpoint that nonvolatile nenory cells each

enploying a single polysilicon |layer are utilized in a differeﬂitﬁh {E{n] a
vi ewpoi nt concerning the 25 relationship between the initial t ol
voltage of - 4 31 JUL 2003 the nenory cells (the threshold voltage in a
thermal equilibriumstate) and a word |ine potential in a data readout

node, in the case where the nonvolatile nenory cells each enploying the
single polysilicon layer are 5 utilized in the differential form and so
forth. In addition, the follow ng facts have been reveal ed by the
inventors: It has been found out by the inventors that even the nenory cel

i iff ial .f h fj h h
oceuring r 2&%'32#"'/&3233_?“93[1|2t6§r9§"3@?b8§31 o, ’5#25 21802 by §tnf of char ge
Toi L1 a1 thr ebAA T aP P age Tnade SURLan S LUbO i G 207 £7RFT n8 ot i ng

gate, threshehd b2 1lik3oes -l ar Ufe@n%.erplaﬁ&%ﬁ%&.&s apglo ey ygrd 11 ne

potential in a readout opéeration. [ncidenta igs. 12 and to be

referred to bel ow g9 gk REYONELEOKFAW] Al1EHPLAURS o OWapdikysar e drawi ngs
created by the inventors in order to facilitiate the understanding of 20 the

present snvephtent [bpWiciakibngLald-iopdmeard hrashol d/ vad2 agesdiskesbution
of menory cells in the case where the initial threshold voltage (Vthi) is
set conpar at aksby ahitgkhnligueawhathexdamiliczes hen igliddtati¢dt kghol d 25 vol t age
(Vthi) is set higher than the average value - 5 1 31 JUL 2003 between a
| ow t hr eshol Hrogreagablet ApNvadatilehdencage (FRR@ arfs aa highedlir eshol d

voltage (M hH) as.in _the wite state. The readout word |ine potential
(Vread) is setffRitnéofedi GRRAaRFEYbBEMOHY tHFOMow FHESLSH o the

official gazette contains the statement that the

10 nonvolatile memory element of single-layer gate
structure according to this invention can be utilized
also as an electrically programmable and erasable
nonvolatile memory element which executes programming
with hot carriers and executes erasing with a

15 tunneling current by applying a high voltage to a
source or a drain, or which executes programming and

x erasing with tunneling currents.
SUMMARY OF THE INVENTION

20 The documents found out by the investigation
into the known examples have not disclosed at all the
viewpoint that nonvolatile memory cells each employing
a single polysilicon layer are utilized in a
differential form, a viewpoint concerning the

25 relationship between the initial threshold voltage of



5 voltage (VthL) and the initial threshold voltage (Vthi). In the set
state,ythe voltage difference between the initial threshold voltage (Vthi)
and the r high threshold voltage (VthH) under which electrons are

"accunul ated in the floating gate is small. That 10 is, the quantity of
accunul ated charges is snmall,and a retaining field strength mhicﬁ]Ungma
applied to a tunnel oxide filmin a retention state is low. As a result,
the fall of the threshold voltage attributed to charge | eakage fromthe
floating gate is difficult 15 to devel op. On the other hand, an electric
field in the direction of injecting electrons into the floating gate is
applied to the tunnel oxide filmof the nmenory cell of the |ow threshold
voltage (M hL) by the word line voltage in the readout operation, so that
the 20 rise d&hea memdvesiedils Udthaagdhrshobd-val tege" thaagbhgaimal devel ops.
On this occasion, the undesirable rise of the threshold voltage mounts up
to the initi &IHALIHANNY Sk CAg@ N AthiWord ol irRtPARBRtEAL LAr 8sH@t@ vol t age

has becone hi gher than the .,readout word |ine 25 potentj al £Vread), data is

inverted to i ut modfg, A0 the cageywhgye ; paRYeLlatilRa@eBOLsr di ngly

been reveal ed t Lnventors that the characterisfics as_shown in Fig. 12
are_conparatffgﬁf %%5& gﬁpeﬁgﬁ ;qﬁﬂiﬁﬂéikhp?iksf%ﬁfo?hi@ygfeaFé%s i nmune
against Lhe ehands oniih thCONFRM ST O dhif, ABRY o Frdref3 shovs the

threshol d voltage distribution of menory cells’ in the case where the
initial threshold yal haaeti¥hhi khieS £f5al owiGRMPE A4 IR Ve | ¥en By way of
exanple, the initial threshold voltage (vthi) is set |lower than the average
10 val ue bet wegratled bgywthler dabendtoradt age: (VthL) and the high threshold
voltage (VthH). The readout word line potential (Vread) is set in the
medi um r ange bet we&h hhe beent fipesdobdtvdiyt ddee (Mtvertarsl tlheet i avena
threshold voltage (Vthi). In the set state, the 15 voltage difference

bet ween the FthEt RgRorlr 8hédl §trugsirgydn \Bhe )dihkerert ial foreshaisd

| t Vt h der  whi I t lated in t floati
gat o 15t Bl FReaia P PEREFGE SHAR BAGo Bt TN hrL? (G VERTRBE i n 1 he

r eadout operﬁ%g%@siggégéﬂgg&gcgbtth ﬁ%éghgiéﬁcgfmgq¥ggg,_the menory

cell of the hi thr vol tage (vthi as a ge vo e difference
fromthe initkaknthtasbahdaveklrage ic¥ Rive HeddB} dheectdntbyyrlk

accunul ated charges is large, and that the rTetaining field strength which
is 25 appliedtatesheft anndéhitibde thirle®mhald e Iteigntimder which
quite no charge exists in a floating gate, threshold
15 voltages in write and erase states, and a word line
potential in a readout operation. Incidentally, Figs.
12 and 13 to be referred to beloy do not belong to
known techniques, but they are drawings created by the
inventors in order to facilitate the understanding of
20 the present invention.
Shown in Fig. 12 is the threshold voltage
distribution of memory cells in the case where the
initial threshold voltage (Vthi) is set comparatively

high. By way of example, the initial threshold

25 voltage (vthi) is set higher than the average value



1 31 JU 2003 state is high. As a result, the undesirable fall of the

t hreshol d voltage attributed to the charge | eakage fromthe floating gate
is liable to devel op. On this occasion, the undesirable fall of th%]JUL 0
* threshold 5 voltage nmounts up to the |n|t|al t hreshol d voltage (Vthi); s@
that when the threshold voltage has becone | ower than the readout word |ine
potential (Vread), data is inverted to incur a readout Fault. It has been
found out by the inventors that the 10 characteristics as shown in Fig. 13
are i mmune agai nst the charge gain and can produce a conparatively | arge
readout current owng to the large difference between the |ow threshold

vol tage (VthL) and the readout word line potential (Vread), but that they
are not good at 15 the data retention. As the second problem there is also
t he probl em blesween ©Bh Leehdihyreasdidlsdd sfoftage | (Gtiyh) edsoin rohegarase -
vertical |l y-stacking structure, nanely, nenory cells of stacked gate type,
t he manuf act §tRk§ @@étatWé@@bﬂhE?Shﬂ%dﬁEﬁ%ﬁ%@% {6tk adnphitheed nenory
cell structure. Especially in a sg-called "system LS (Large Scal e

| nt egr at i on) YIREEdSERYeN mﬁpehrﬁaﬁ95§hwﬁ§ﬁoﬁ¢ﬁQsHﬁ%ﬂﬂ&iﬂht Y23 hh- speed

logic circuit, a nam ¢ Random ess anDr or the |i and 25
whose narketlFsSF5p98I§E%k B&dy % PWQFéggﬁi %OW preshe Eg bri ngs

about thg |ng Egggeﬁﬁv&gigm%$g tl”lggklé§tti£ gﬁ dt& %Q? L t he stacked

gate typé nenory Ssh Henot cor |ng e i nventors'
study, this '%tﬁggsedzgythacgsessﬁata t%ﬁenwm%r%eofd&f@%%émsks and

manuf acturing steps as wll be explained below Since the tunnel oxide

films of thepetween the -initial threshold voltage (Vthi) and the

( high threshold voltage (VthH) under which electrons
are accumulated in the floating gate is small. That

10 is, the quantity of accumulated charges is small, .and
a retaining field strength which is applied to a
tunnel oxide film in a retention state is low. As a
result, the fall of the threshold voltage attributed
to charge leakage from the floating gate is difficult

15 to develop. On the other hand, an electric field in
the direction of injecting electrons into the floating
gate is applied to the tunnel oxide film of the memory
cell of the low threshold voltage (VthL) by the word
line voltage in the readout operation, so that the

20 rise bf the threshold voltage or a so-called “charge
gain” develops. On this occasion, the undesirable
rise of the threshold voltage mounts up to the initial
threshold voltage (Vthi), so that when the threshold

voltage has become higher than the readout word line

25 potential (Vread), data is inverted to incur a readout



flash menory are thicker than the gate oxide filns of transistors for the
logic wcircuit or the gate oxide filnms of the transistors of DRAM cell s,
there are 10 required a mask for separately form ng the tunnel 0xiﬂ¢iﬂﬂ? ,
" amask for adding and working polysilicon filnms for the floating gates o
the flash nenory, a mask for working the word lines of the flash nenory, an
impurity inplanting mask for formng the drain 15 regions of the flash
menory, and inpurity inplanting masks for form ng the | ow concentration
N-type source and drain regions and | ow concentration P-type source and
drain regions of high-w thstand-voltage transistors constituting wite and
erase circuits, and 20 the nunber of the masks to be added becones, at

I , 6. It her gf difficylt i id ' '

Syatem LS 1 8PURTy || an GooHecPFiRPER BREM FRVRAIory G oy ng the
tacked gate. ' sl der, t ) 25

G111 cul Uy, HONOBFAERI shabnbts BRaRBGEBYTSeadh, Mo Fnddy WRERT 1 2% %3

U 2005, She imad0a;ioues DabuLll OB g el M e gETe I

i s necessary, howevt to a consi _ I ONS I'ckness
of the gate gykgeatk! MEs8f ik@nBORYRL ALK @ HEE £l &P s of the

si ngl e-l ayer
5 Contrariwise to the above, Fig. 13 shows the

threshold voltage distribution of memory cells in the
case where the initial threshold voltage (Vthi) is set
comparatively low. By way of example, the initial
threshold voltagel(Vthi) is set lower than the average

10 value between the low threshold voltage (VthL) and the
high threshold voltage (VthH). The readout word line
potential (Vread) is set in the medium range between
the low threshold voltage (VthL) and the initial
threshold voltage (Vthi). 1In the set state, the

15 voltage difference between the initial threshold
voltage (Vthi) and the low threshold voltage (VthL)
under which electrons are not ac?umulated in the

| floating gate is small, and the charge gain based on
the word line voltage in the readout operation is

20 difficult to occur. On the other hand, the memory
cell of the high threshold voltage (VthH) has a large
voltage difference from the initial threshold voltage
(vthi), so that the quantity of accumulated charges is

large, and that the retaining field strength which is

25 applied to the tunnel oxide film in the retention



5 polysilicon gate structure with the thickness of the gate oxide filns of
the MsS transistors of any other circuit which is packaged together with

t he nonvol atile nmenory el enents. According to the inventors' studg4‘mqu3
“limt of the nunber of times of 10 rewiting the no-nvolatile nenory

el ement correlates with the thickness of the gate oxide film and the gate
oxide filmshould better be thickened in.order to noderate the proceeding
of the deterioration of the information retention capability of the
element. In 15 order to avoid conplicating the manufacturing process of a
sem conductor integrated circuit, however, it is considered desirable to
make the thickness of the gate oxide filmin the nonvolatile nmenory el enent

of the si nglgtéeaeisgalgnst FACTAIr Lo SQTEDNL Wb T ini B8t rab1Eh2a29 gt e oxide
filmof the MS transisftor of the other circuit. An object of the present

invention isthe Prp¥sNEla seNtagadugtelibufteagtat @heCidi@itide WHLkagan
remar kably enhance a long-terminformation retention 25 capability based on

a nenory cel fromcthdi Ajoat pagr gate- i§01iablenanyvdestdlop meoar ¥ hdlsenents in
a differential form Another object of the present invention is to sinplify
t he devi ce stccasier, othe wedesadndbieofaildt edr dhed thineshiald n which an
electrically 5 programmabl e nonvolatile nmenory is nerged and
5 voltage mounts up to the initial threshold voltage
(vthi), so that when the threshold voltage has become
lower than the readout word line potential (Vread),
' data is inverted to incur a readout fault. It has
been found out by the inventors that the
10 characteristics as shown in Fig. 13 are immune against
the charge gain and can produce a comparatively large
readout current owing to the large difference between
the low threshold voltage (VthL) and the readout word
line potential (Vread), but that they are not good at
15 the data retention.

As the second problem, there is also the problem
that, with memory cells of floating gate/control gate
vertically-stacking structure, némely, memory cells of
stacked gate type, the manufacturing cost thereof

20 increases due to the complicated memory cell
structure. Especially in a so-called “system LSI
(Large Scale Integration)” product in which a flash
memory is merged with a high-speed logic circuit, a

DRAM (Dynamic Random Access Memory), or the like and

25 whose market is rapidly expanding in recent years, it

-8 -



packaged. 31 JUL 2003 Still another object of the present inventionis to
provi de a sem conductor integrated circuit in which a nonvolatile nenory
packaged, the nonvolatile 10 nenory being in a 2-cells/1-bit dlffedﬂﬂuuﬂm3
farm adapted to conspicuously |ower the occurring rate of readout faults

wi t hout addi ng any new process to ordinary logic circuit processes or
general DRAM processes. 15 Yet another object of the present invention is
to provide a technique according to which flash nenory cells each including
a single-lager polysilicon gate In .l are utilized as a renmedy circuit for
a nmenory nodule or a nenory circuit fornmed in a sem conductor device. 20
The above and ot her objects and novel features of the present invention

will becone a arent fromthe, descri | n of this specification and the
acconpanyi ngP r&EP“ﬁy%P%a}n%ﬁ%QS fO n55ﬁtW6H§féF§8F&§€chﬁtihe 25

t I t b "i [1] Th
firet i Zﬁ&#*ﬁ%%gﬂs‘f L S N T TSR

momory- and Tarihe R Rl e Pt (T otE IREShERle 2 e nemory
elements is égud§4-é¥¥§31s caused by increases in the numbers of
5 photo-masks and manufacturing steps as will be

explained below. Since the tunnel oxide films of the
flash memory are thicker than the gate oxide films of
transistors for the logic circuit or the gate oxide
films of the transistors of DRAM cells, there are

10 required a mask for separately forming the tunnel
oxide films, a mask for adding and working polysilicon
films for the floating gates of the flash memory, a
mask for working the word lines of the flash memory,
an impurity implanting mask for forming the drain

15 regions of the flash memory, and impurity implanting
masks for forming the low-concentration N-type source
and drain regions and low-concentration P-type source

! and drain regions of high—withst;nd—voltage
transistors constituting write and erase circuits, and

20 the number of the masks to be added becomes, at least,
6. It is therefore difficult in cost to provide an
inexpensive system LSI for civilian goods in which the
flash memory employing the stacked gate type memory

cells is packaged. In order to overcome the

25 difficulty, nonvolatile memory elements of single-



determ ned considering the operating point of a sense anplifier and a

sel ection voltage for a word line. Mire specifically, with regard to a

sem conductor integrated circuit including a nonvolatile menmory 10 (1 180
114 or 115) which conprises a nonvolatile nenory - cell (131) including a
pair of nonvolatile nmenory elenents (130) each having a source (ST3), a
drain (DT3), a floating gate (FGI) and a control gate (CGT), the pair of
control gates sharing a word Iine (W), 15 the pair of drains being
respectively coupled to a pair of conplenentary data |ines (DLt and DLb),
and in which information itens read out on said pair of conplenentary data
lines in accordance with nutually different |ogical states or different
threshold 20 voltage states of said pair of nonvolatile nmenory elenents are
differentially anplified by a sense anplifier (143); a selection voltage
(Vread) which is applied to said word line for the purpose of the
informati on readout fromsaid nonvolatile nenory 25 elenents and an initial
threshold voltage (vthi) of - 12 31 JUL 2003 said nonvolatile menory

el ements are substantially equalized to each other. By way of exanple, the
di fference voltage between both the voltages is set at a voltage (for
exanpl e, a voltage of 50 nV) being 5 smaller than the voltage wi dth (Ovth)
of an input voltage range within which the sense anplifier is subjected to
a transient response operation (that is, the so-called "high sensitivity
range" of the sense anplifier). Mre desirably, when the nmutually 10
different | ogical states of the pair of nonvolatile nenory el enents are
determ ned by the relatively I ow threshold voltage state of one nonvolatile
menory el ement and the relatively high threshold voltage state of the other
nonvol atil e nmenory el enent, the



15 initial threshold voltage is set at a voltage which is near the average
val.ue pof the relatively |ow threshold voltage (VthL) and the relatively

hi gh threshold voltage (VthH). In a charge holding state, the high

- threshold 20 voltage (VthH) of the nonvolatile menory el ement graddall (0]
approaches the initial threshold voltage (Vthi) in a thermal equilibrium
state, on account of charge | eakage ascribable to the electric field of the
elenent itself as is applied to the tunnel film 25 thereof, while the | ow

t hreshol d voltage (VvthL) - 13 31 JUL 2003 gradually approaches the
initial threshold voltage (Vthi) in the thermal equilibriumstate, on
account of an electric field in a charge gain direction attributed to the

word line selggld rhd%&éfﬁ%béﬁ” EGfe gg?ﬁggrgggﬁu gAs descri bed

above, the initial threshold ?tage (Vt 1) an t word |ine

sel ection voltage (It egfincdies bty | hdgedelPst 88t hakby c8aYakeW ki the
range of the voltage width mﬁthln Whi ch the’ sensitivity of the sense

anplifier is fdltiddbNipisof emed tHiokeesony 6l ahiel gatenoky del ei8mis has
turned faulty due to the gradual fall of the threshold voltage of the

nonvol ati | e refirarhe elementathile mendrey he jméhteshdl dheoktiagee-Yaldr or the
gradual rise of the threshold voltage of the nonvolatile nenory 15 el enent
having tle | @eltridsiminl gatte apferyaiwtg, wihh theethdkb#nesst ade tofe t he
faulty nmenory el enent stops falling or rising in a state which is

substanti al | ;Haé'tﬂlélx%ckﬁ' thelbref | e MEY e‘éFPBﬁl’%BPFﬁgéf FRY Phlvemy
nonvol atil e nennné_ %ﬁﬁgi is therefo etln %F E an |ent state or
i nt er medi at e S5t 15 PARFAIH SUFGIEE BEENSERE , Whereby its
signal state JJARsMdif eE%i r&é?n&r{}? €‘em@érrpl i; fdceﬁrémé)uﬁ@ 4[ e data |ine
brings this sense anp ier e I nput state of”t ransi ent response
operati on. AQﬁWéﬁﬂayéﬁ dtfudy, the limit of the number of times of
10 rewriting the nonvolatile memory element correlates
with the thickness of the gate oxide film, and the
gate oxide film should better be thickened in order to
moderate the proceeding of the deterioration of the
information retention capability of the element. 1In
15 order to avoid complicating the manufacturing process
of a semiconductor integrated circuit, however, it is
considered desirable to make the thickness of the gate
oxide film in the nonvolatile mehory element of the
single-layer gate structure common with that of the
20 gate oxide film of the MIS transistor of the other
circuit.
An object of the present invention is to provide
a semiconductor integrated circuit which can

remarkably enhance a long-term information retention

25 capability based on a memory cell including a pair of

- 10 -



25 the state of the other nonvolatile nmenory elenent is - 14 31 JuL
2003 normal, there is the very high possibility that the stored information
of the correct |ogical value before the deterioration can be obtaﬁhbﬂnbﬁg3
the differential anplification action of the sense anplifier. Thus, 5 the
capability of long-termdata retention is enhanced, and lowering in the
rate of readout faults can be realized. Especially in case of previously
setting the initial threshold voltage at the voltage near the 10 average
val ue between the I ow threshold voltage and the high threshold voltage, it
is possible to substantially equalize the occurring probability of faults
ascribable to the gradual fall of the high threshold voltage (VthH) of the
nonvol atile nmenory 15 el ement and the occurring probability of faults

ascri babl e t qanvelgtddieamenory fletentiown e eshbfdrentiafefornhl) of the
nonvol atile nenory el enent, whereby the retention capability for the stored
i nformati on can belA8RK&STe®RISath® futthss Presemhel iveRoiaR i 12 ®enory

el enent whi ch can .be produced, by a manufacturing process such as a

singl el ayer FoMPLiEYe SRS AREEE FHUCF IS AF dhsFREFORMSHYE and a control
t CGT) which is_ di d to int N | at i film bet
Ir and the PETHRGEARRG BREE RGN ShIb 4 S heareietby e - 15 o 51

JUL ZOOSSConkﬁgkrgﬁﬁayfé1H%ﬁ§§%égifg1'éH§£yt%chQ§ eéagg . In nore detail
t he sourcCe ( an ran are formed of sem conductor regions of
second condugfioyaigeqdt.ype which are provided in a sem conductor region 5
(121) of first conductivity type, the floating gate is

Still another object of the present invention is
to provide a semiconductor integrated circuit in which
a nonvolatile memory is packaged, the nonvolatile

10 memory being in a 2-cells/l-bit differential form
adapted to conspicuously lower the occurring rate of
readout faults without adding any new process to
ordinary logic circuit processes or general DRAM
processes.

15 Yet another object of the present invention is
to provide'a technique according to which flash memory
cells each including a single-layer polysilicon gate
are utilized as a remedy circuit for a memory module
or a memory circuit formed in a semiconductor device.

20 The above and other objects and novel features
of the present invention wili become apparent from the
description of this specification and the accompanying
drawings.

Typical ones of inventions disclosed in the

25 present application will be briefly summarized below.
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formed of a conductive layer (PSi) which is arranged over a channel defined
bet.ween the source and the ' drain, through a gate insulating film (G33),
and the control gate is fornmed of a senmiconductor region (122) 10 afl Hhelp)
* second conductivity type which is arranged. under the portion of the
conductive | ayer extended fromthe floating gate, through the
gate~insulating film (@&3). For the purpose of controlling the threshold 15
voltages, an inpurity of the first conductivity type . is introduced into
the floating gate of the nonvolatile nmenory el enent which can be produced
by the manufacturing process such as the single-layer polysilicon process,
whereby the initial threshold 20 voltage of the nonvolatile nenory el enent
is readily set at the voltage which is approximtely the m ddle between the
hi gh t hresholld Vol Th§e fAfE & HELeWRP 1y 2P0 Hs Vol $agehatvehei n the case of
introducing the inpurity as stated above, a CMOS process can be 25 applied
to the manuf &tk %ﬁt%giBQQQ??9%$%@sf%¥@ pbrnonyglatijie memoxyna

constructing the nqnvol atile e elenents. In an_ alternative case where
the t hr eshol FVBFH eslsaraééoaﬁﬁ?ér?%%r by¢ HBeTﬁﬁYiﬁﬁEénPgt Pon of the first

conductivity typei rd ' t o el, of . .M S [ istor (MFSn),
a phot o- mask qt‘ or tlﬁe lE:ihéa%(_:‘e &ilig’n aln?rﬁlt)l an atll:%gﬁ fébga%dtgggﬁﬁgﬁ' process

0 the MU Qg lod RV d Yo 1O fehdFb ool panvol atil e memory

can be utilized for the storage of renedy | rmation renmedyi ng the 10

defects of adéﬂéﬁﬂﬂr@d@&fs}’icﬁé&?fh@?t%eﬂtfﬁ?-p@‘ln%xé'fphe,se?@ an SRAM
can construct a cache nenory which is connected to a central processing

unit. Besi desmpllief iran\eldta |seldoriage weltg&ge cAdrcanvbrdclliaepart or the
whol e of a progranmable logic circuit |15 whose stored information
det ermi nes aiomgt spedidgicedlly, with regard to a semiconductor

integrated circuit including a nonvolatile memory

10 (113, 114 or 115) which comprises a nonvolatile memory
cell (131) including a pair of nonvolatile memory
elements (130) each having a source (ST3), a drain
(DT3), a floating gate (FGT) and a control gate (CGT),
the pair of control gates sharing a word line (WL),

15 the pair of drains being respectively coupled to a
pair of complementary data lines (DLt and DLb), and in
which information items read out on said pair of
complementary data lines in acco;dance with mutually
different logical states or different threshold

20 voltage states of said pair of nonvolatile memory
elements are differentially amplified by a sense
amplifier (143); a selection voltage (Vread) which is
applied to said word line for the purpose of the
information readout from said nonvolatile memory

25 elements and an initial threshold voltage (Vthi) of

- 12 -



function corresponding to an input. [2] The second vi ewpoint consists in
that the thickness of the gate insulating filns of the nonvolatile nmenory
el enents is determ ned considering 20 the relationship thereof with the

» thickness of the gate insulating films of any other circuit. Mre3i JUL 2003
specifically, a gate insulating film being conparatively thick is adopted
for an external interface circuit in order to enhance the 25 electrostatic
wi t hstand voltage of an input MS _ 17 _  31.~~C Z003 transi stor whose
gate is connected to an external terminal. Resides, in a sem conductor
integrated circuit in which an operating supply voltage such as 3.3 V
externally fed is stepped down into the 5 operating supply voltage of an
internal circuit, the MS transistor of an external interface circuit which
oper at es by rexid vionyakat Ble nemeky ;elementbsi asef snhstawtiehlys thick as
conpared with that of the MS transistor of the internal circuit, fromthe
10 st andpoi nte®i2leitfthdhPate Fhest aRy want ffe fammeei k2 nal circuit.

Wth notice tak of ~this, in a sem conductor integrated circuit (101) in
whi ch- 1 ogi ¢ cq%%{]ﬁfiesnc(%@’,ltﬁﬂﬁ DerRRN TR HReoVPLtages3is182t 815) and

e conduct or® STHNEIAR & fbh e HNE Y nati Sa T HAT (P hsop BE) BRLfHe M S

can be. producli By NPT aorh T prsEReCATEY) SePCRE drRyfe ayer

polysilicon RffGQRfe range within which the sense amplifier is
subjected to a transient response operation (that is,
the so-called ”"high sensitivity range” of the sense
amplifier). More desirably, when the mutually

10 different logical states of the pair of nonvolatile
memory elements are determined by the relatively low
threshold voltage state of one nonvolatile memory
element and the relatively high threshold voltage
state of the other nonvolatile memory element, the

15 initial threshold voltage is set at a voltage which is
near the average value of the relatively low threshold
voltage (VthL) and the relatively high threshold
voltage (VthH).

In a charge holding state, the high threshold

20 voltage (VthH) of the nonvolatile memory element
gradually approaches the initial threshold voltage
(Vthi) in a thermal equilibrium state, on account of
charge leakage ascribable to the electric field of the
element itself as is applied to the tunnel film

25 thereof, while the low threshold voltage (VthL)

- 13 -



20 are equalized in thickness within the allowabl e range of errors
ascribable to process deviations, to the gate insulating filnms (G0Ol) of the
MS transistors (MOn) included in the external interface CirCUit31Hﬂ @m?er
. words, the gate insulating filnms of the MS 25 transistors for cons{ u ng
t he nonvol atile nenory - 18 31 JUt 2D03 el enents and those of the MS
transistors included in the external interface circuit are simultaneously
fabricated by utilizing an identical process or a conmon photo-nmask. In
this manner, the thickness of 5 the gate oxide filns in the nonvolatile
menory el ements of the single-layer gate structure is made common with the
t hi cknesses of the gate oxide filnms of the MS transistors of the other
circuits, whereby the nonvolatile nenory, elenments (130) can be endowed with
10 a somewhat9¥ 1 ABRRIsTReStehei bhlEaphbthregheyddovelidragfial |y

avoi ding the co Jicathg&aof t he nanuffgturln process of the sem conductor

integrated cit'tefty) 10 dhE&F e r @IRL SR F SREcEBAT i nPdr RSSO L
tenti bi lJt S t b d_i int qf the.gate i | at i fi
Lhi ckness whal LRI T g 1T gt & | TATae 98 ri AiFeRTdRRess of the =~
latil ) h " i t |
Mtertace of r iRy Sl doil Plad M fbecibRILINAGE, Tuidia (il L The
nonvol at sl e SIRIRAUS fokR0) ale cavesd dpoibe ghlé!‘@ﬁﬁe&ga'b form

can be adopted. Further, the information retention capability can be

enhanced sti ldhrEymd I vwidtage Vet Dptan@stHesgehhedtl wotrde 1fiinest
viewpoint, the initial 25 threshold voltage of the nonvol atile nenory
el ements - 1%election voltage (Vread) are set to be substantially

| equal within the range of the voltage width within
which the sensitivity of the sense amplifier is high.
10 Thus, even if one nonvolatile memory element has
turned faulty due to the gradual fall of the threshold
voltage of the nonvolatile memory element having the
high threshold voltage (VthH) or the gradual rise of
the threshold voltage of the nonvolatile memory
15 element having the low threshold voltage (VthL), the
threshold voltage of the faulty memory element stops
\ falling or rising in a state which is substantially
| equal to the word line selection'voltage. The faulty
nonvolatile memory element is therefore in the
20 transient state or intermedidte state between its ON
state and its OFF state, whereby its signal state
transmitted to the sense amplifier through the data
line brings this sense amplifier into the input state

of the transient response operation. Accordingly, if

25 the state of the other nonvolatile memory element 1is
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31 JUL ?003 is determned in relations to the sensitivity of the sense
anplifier and the word |line selection voltage and also in relations to the
hi gh tthreshold voltage and | ow threshold voltage of the nonvolatile nenory
5 el ements. Further, when notice is taken of the other circuits Mildh 20e
nmerged and packaged in the sem conductor integrated circuit including the
nonvol atil e nenories, the thickness of the gate 10 insulating filnms of the
M S transistors of the nonvolatile nenory el enents can be equalized to that
of the gate insulating filnms of the MS transistors included in the DRAM
In addition, the gate insulating filnms of the MS transistors for 15
constructing the nonvolatile nenory elenents are . fornmed to be thicker

t han those of the MS transistors included in the logic circuit. y \Wen
notice is taRk@rmdl,tkeeracist hR® VREYnHAGH ROSPAbid, thadmdhs can be

formed using the 20,n?nufacturin éocess such as,thﬁ si ngl e-1 ayer
pol ysi | i con preEgSsin ﬂém?FbaPiﬂg g BeSOF efhe lRESALaNG N0 ke tructing

th | at ] I t t f. th S t. i St i ncl uded
n the | og: ctRFrBer et oFefaRcEan; bR IBAnEHaRY; £ S IARERA A [ n ¢ he
transi stors Pet bbb O 208k 8E, Bbe pERsea RbdIRg Zquar Pirm

t hi cknesges wﬁ%[lwpmﬂﬁé&owbifrﬁgaegfmfaa%r%%ea%%!nba@ e to process

deviations. T IS, even with singl e-1ayer polysilicon
enhanced, and lowering in the rate of readout faults
can be realized.

Especially in case of previously setting the
initial threshold voltage at the voltage near the

10 average value between the low threshold voltage and
the high threshold voltage, it is possible to
substantially equalize the occurring probability of
faults ascribable to the gradual fall of the high
threshold voltage (VthH) of the nonvolatile memory

15 element and the occurring probability of faults
ascribable to the gradual rise of the low threshold
voltage (VthL) of the nonvolatile memory element,
whereby the retention capability'for the stored
information can be enhanced to the utmost.

20 The nonvolatile memory element which can be
produced by a manufacturing process such as a single-
layer polysilicon process, has a MIS transistor
(MFSn), and a control gate (CGT) which is disposed so

as to interpose an insulating film between it and the

25 floating gate (FGT) of the MIS transistor. The
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5 process or the like single-layer gate process, it is possible to obtain
the sem conductor integrated circuit such as the systeYn LSI in which the
DRAM ;" formed of the nonvolatile nenory being excellent in the qPﬁﬂ% 00
retention capability, etc. are simultaneously ZO nerged and packaged. -

HRI EF DESCRI PTI ON OF THE DRAWNGS Fig. 1 is an explanatory view
schematically showi ng the sectional structures of the nonvolatile 15 nenory
el enents of flash nmenories and M S transistors of n-channel type included
in an external input/output circuit as well as a logic circuit, the
menories and the circuits being nmerged in a system LSl which is an exanple
of a sem conductor integrated circuit 20 according to the present
invention; Fig. 2 is a scheng%ic chip plan, view of the system LSl _which is
the exanpl e GPMEELs GfitCortdudCdms tcgfgrad'f eHRGF EhY TdeRedr 4RKETt 0 Fhe

present inventiaon

ot ho. nonvoPRER SRty 0 A hawi T h 2 dedin (FeF] 5386 F o1 ™ Ky,

£y ront SXPLSBERELY 0¥ Sndol R SORSLAY L0 SLoS0E Somuel L g remory

operation of (Lhg gAY alld & TR &Y el 8E Iredion

5 {121) of first conductivity type, the floating gate is

formed of a conductive layer (PSi) which is arranged
over a channel defined between the source and the
drain, through a gate insulating film (GO3), and the
control gate is formed of a semiconductor region (122)

10 of the second conductivity type which is arranged .
under the portion of the conductive layer extended
from the floating gate, through the gate 'insulating
film (GO3).

For the purpose of controlling the threshold

15 voltages, an impurity of the first conductivity type
is introduced into the floating gate of the
nonvolatile memory element which can be produced by
the manufacturing process such aé the single-layer
polysilicon process, whereby the initial threshold

20 voltage of the nonvolatile memory element is readily
set at the voltage which is approximately the middle
between the high threshold voltage and the low
threshold voltage. Even in the case of introducing
the impurity as stated above, a CMOS process can be

25 applied to the manufacture of the MIS transistors for
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Fig. 6 is a circuit diagramshow ng an exanple of a nmenory cell which is
configured of a pair of ~10 nonvolatile nmenory elenents in a differential
form Fig. ? is a plan layout view of the nmenory cells in Fig. 6, depicted
in device structure~fashion; Fig. 8 is a schematic bl ock diagran1o? qufb h
menory whi ch enploys nenory cells of differential 15 connection fo A] i@ﬁ
9 i.s a circuit diagram showi ng a practicable exanple of a sense anplifier
which is provided in the flash nenory in Fig. 8, Fig. 10 is a graph
relevant to the threshold 20 voltage distribution of the nonvolatile nenory
el ements, show ng the relationship between an initial threshold voltage and
a word line selection voltage; Fig. 11 is a graph showi ng an exanple of the -
i nput / out put constatictringt ithe eorved Sellse mandty i €lemeXdtdl 9.1nlZams a graph
showi ng the threshold voltage - 22 31 ~UL Z003 distribution of a nenory
cell in the edsernadigeacase wihelre HrlesHdirksioldgmisages aoaparatively
high; Fig. 13 is a graph showing the threshold voltage distribution of a
menory cel | adjuséecady wher doan implantadl iqrhra el fiofstage is set
conparatively low, Fig. 14 is an expl anatory di agram show ng the actual
nmeasur enent FRNGES IV ite Ly REe LMY ke ¥R t§he qhannek ektehei YASfaults
for different thi cknesses _of tunnel, filns, the values being used for
conputing t h&EXPRSFERL (HFShdpr SviBRP 1 dask £ W FH2RAES: 12Rg. 15 is an
expl anatory d n

P! anatory, SoauATLRIBN 0 SSRUE SR IR RN 0 B Tares of oo
ot SHAM SRR BER o A Nl L3 Shis et Y
the menory | The nonvolatile memory can be utilized for the
storage of remedy information for remedying the
10 defects of a volatile memory guch as SRAM. By way. of
example, such an SRAM can construct a cache memory
which is connected to a central processing unit.
Besides, the nonvolatile storage device can construct
a part or the whole of a programmable logic circuit
15 whose stored information determines an output logical
function corresponding to an input.
[2] The second viewpoint consists in that the
thickness of the gate insulatinglfilms of the
nonvolatile memory elements is determined considering
20 the relationship thereof with the thickness of the
gate insulating films of any other circuit. More
specifically, a gate insulating film being
comparatively thick is adopted for an external

interface circuit in order to enhance the

25 electrostatic withstand voltage of an input MIS
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cells of the differential formconfigured of the nonvol atile nenory
elenments in Fig. 1, with that in 20 the related art 1-cell/1-bit scheng;
Fig. 17 is a vertical sectional view of the essential portions of ﬁ%g vi@z
“during a process for manufacturing the nmenory cell of the flash ne @-é
the MS transistor of the logic circuit in Fig. 1, 25 Fig. 18 is a vertical
sectional view of the - 23 31 JUL 2003 essential portions of the device
during manufacturing steps subsequent to the process in Fig. 17; Fig. 19 is
a vertical sectional view of the essential portions of the device during
manuf acturing 5 steps subsequent to the process in Fig. 18; Fig. 20 is a
vertical sectional view of the essential portions of the device during
manuf act ur i N ransis teub sgpsentgdtoe tie mtested nedign éRtefhgl 21 is a
vertical sectional view of the 10 essential portions of a device during a
process for rerniaetluri Bgsitdessydnem Is8miicondugtod, limtieqraase where gate
oxide filnms have two sorts of thicknesses and where a CMOS process adopting
si ngl e- | ayer cggiopdit]! iioowhdathean paua bingl; sUgp iy gvoklage suebr ascal
sectional view_of the essential portions of the device during manufacturing
st eps subseqdert Vi §¥tRENBLIYeded nisigFepped moyn 2nt@ whgertical sectiona

vi ew of the . . . .
5 operating supply voltage of an internal circuit, the

MIS transistor of an external interface circuit which
operates by receiving the 3.3 V has a gate oxide film
( which is thick as compared with that of the MIS
transistor of the internal circuit, from the
10 standpoint of enhancing the withstand voltage of the
internal circuit. With notice taken of “this, in a
semiconductor integrated circuit (101) in which logic
circuits (109, 107), nonvolatile memories (113, 114,
115) and an external interface circuit (103) are
15 merged and packaged on a semiconductor substrate, the
gate insulating films (G03) of the MIS transistors
(MFSn) for constructing the nonvolatile memory
| ) elements which can be produced b& the manufacturing
process such as the single-layer polysilicon process
20 are equalized in thickness within the allowable range
of errors ascribable to process deviations, to the
gate insulating films (GOl) of the MIS transistors
(MIOn) included in the external interface circuit. In
other words, the gate insulating films of the MIS

25 transistors for constructing the nonvolatile memory
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essential portions of the device during manufacturing 20 steps subsequent
ta the process in Fig. 22; Fig. 24 is a vertical sectional view of the
essential portions of the device during manufacturing steps subseddgbit 7800
the process in Fig. 23; Fig. 25 is a vertical sectional view of the 25
essential portions of the device during manufacturing - 24 31 JUL 2Q03
steps subsequent to the process in Fig. 24; Fig. 26 is a vertical sectional
view of the essential portions of the device during manufacturing steps
subsequent to the process in Fig. 25; 5 Fig. 27 is a vertical sectional
view of the essential portions of the device during manufacturing steps
subsequent to the process in Fig. 26; ' Fig. 28 is a vertical sectional

Vi ew of the AKRINdAlaRPiddls Of {lle MeY T G L 00 ROHERRGUN NG, 10 Steps .

subsequent to the process I1n Fig. 27; Fig. 29 1s a vertical sectional view

of the esserthedlextirtiaansi rferdfidayvicon during Iamwl 8gha6L88ySt eps _
subsequent to the process in Fig. 28; Fig. 30 is a vertical Sectional view

of the 15 exaditiicaltadotyi @itsilofz i devidenthidd Npreessacbdrang . steps
subsequent to the process in Fig. 29; Fig. 31 is a vertical sectional view
of the essewrbmxonp@hotarmastk t hE&ndehice mdunierg rvelfratidkndgs sbeps
subsequent to the process in Fig. 30; 20 Fig. 32 is a vertical sectional
vi ew of 5t he tdes gatticaloxicet ifodsmsofin Hhaelevdroe Ihiriley memafwct uri ng steps
subsequent to the process in Fig. 31;
elements of the single-layer gate structure is made
common with the thicknesses of the gate oxide films of
i the MIS transistors of the other circuits, whereby the
nonvolatile memory elements (130) can be endowed with
10 a somewhat long information retention capability by
preferentially avoiding the complication of the
manufacturing process of the semiconductor integrated
circuit.
In a case where a satisfactory information
15 retention capability cannot be ensured in point of the
gate insulating film thickness when equalizing the
gate insulating film thickness of the nonvolatile
memory elements to that of the MIS transistors of the
external interface circuit as explained above, the
20 memory cell (131) in which the nonvolatile memory
elements (130) are connected in the differential form
can be adopted. Further, the information retention
capability can be enhanced still more in such a way

that, as described in the first viewpoint, the initial

25 threshold voltage of the nonvolatile memory elements
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Fig. 33 is a block diagramof a mcroconputer which is the second exanpl e
of .the sem conductor 25 integrated circuit according to the present

i nvention; - 25 31 JUL 2003 and Fig. 34 is a block di agram showviinlyLal003
detail ed exanple in the case where an SRAMin Fig. 33 is incarnated as a
cache nenory. 5 DESCRI PTI ON OF THE PREFERRED EMBODI MENTS [ System LSI ]
Schematically shown in Fig. 2 is a chip plan view of a system hSI which is
an exanple of a 10 sem conductor integrated circuit according to the..
present invention. Although not especially restricted, the systemLSl 101
illustrated in the figure is so constructed that a | arge nunber of external
connection el ectrodes, such as bonding pads, 15 102 are arranged at the

i ph | ed f ' duct bstrate 100, d. t hat t I
"nput/ out pu’ 2cAFSGHITEY at X SRSy Yhpthd GRIRAC LY +E%i 0% 160ar e

di d insj h I . | 4 { ' it 103
and Che anai 8436 PRBOLFAEEpoR LI oD 4 TS ¢ Bt R bt a8B0ry Vol tage
whi ch i I f l,ai i ' h 3.3
V. Alevel shRFLaropoa e Pene R F aRd Sty A N eagd ol o

internal supphd Y@kt %ﬁ%e%%@h.da%oh-&%% dinsinie ddirhat V€l mambfyer 105,

there are a dynam c random access -
5 elements.

Further, when notice is taken of the other
circuits which are merged and packaged in the
semiconductor integrated circuit including the
nonvolatile memories, the thickness of the gate

10 insulating films of the MIS transistors of the
nonvolatile memory elements can be equalized to that
of the gate insulating films of the MIS transistors
included in the DRAM. In addition, the gate
insulating films of the MIS transistors for

15 constructing the nonvolatile memory elements are
formed to be thicker than those of the MIS transistors
included in the logic circuit.

When notice is taken of thé fact that the
nonvolatile memory elements can be formed using the

20 manufacturing process such as the single-layer
polysilicon process, the floating gates of the MIS
transistors constructing the nonvolatile memory
elements, the gates of the MIS transistors included in

the logic circuit, the gates of the MIS transistors

25 included in the input/output circuit, and the gates of
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31 JUL Z003 nenory (DRAM 106, a central processing unit (CPU) 107, a cache
menory (CACH) 108, a logic circuit 109, a phase-locked |oop circuit {PLL)
110, an anal og-todigital conversion circuit (ADC) 111, and a digitaﬂ UL 2003
t o-anal og conversion circuit (DAC) 112. Indicated at nunerals 113 to 115
axe electrically erasable and progranmabl e nonvol atil e nmenories, for
exanpl e, flash nenories, respectively. The DRAM 106, CPU 107, LOG 109 and
CACH 108 are operated by their operating 10 supply voltage which is the
internal supply voltage, ' such as 1.8 V, fed fromthe |evel shifter 105.
The DRAM 106, however, steps up the internal supply voltage so as to forma
word line selection level, which is used as the operating supply voltage of

15 d drj . _Each of the f h ' 115 i d
Wi the i iU AT UEEI VTR o i AR A a0 BEAM R 1 SRR
[ i gh. vol fel [ [ ~ ~The -hi gh | t
may. e o mAF Dy EEL, Hhfn CEREFRAREaEE L RER B Rnol BBl o %t oo
outsi de and %;H%élg@f_aepf&&etaeg {8 X! £6NBYo£aRRR AL AR LGREL T ode [ n the
0 the sy I,

pr edet er m ne erating node o ste Such "as the EPROM writer

mode t her eofpifr bes stafedl waterehd h§iﬁ?§éhlﬁ§@r Yoildingceh | ized for
storing the 25 renedy information (confrol inforrfation for replacing - 27
31 JUL 2003 grusdéys nerothe CELke sdihdlectdupdanyamenpiipceslsl,s)itofid he DRAM
106, while the flash nmenory 114 is utilized far storing the renedy

i nf or mat i on s el € aoh eobtearion yeHiO8s emilcoadpatkagédtegsead of a renedyi ng
program5 circuit based on fuses. The flash nenory 11S constitutes a

pr ogr ammabl €1 Et cFuSuias iR eS¥3bemJLSI in which the DRAM

{ . formed of the nonvolatile memoxry being excellent in
the data retention capability, etc. are simultaneously

- 10 merged and packaged.

BRIEF DESCRIPTION OF THE DRAWINGS

Fig. 1 is an explanatory view schematically

showing the sectional structures of the nonvolatile

15 memory elements of flash memories and MIS transistors
of n-channel type included in an external input/output
circuit as well as a logic circuit, the memories and
the circuits being merged in a system LSI which is an
example of a semiconductor integrated circuit

20 according to the present invention;

Fig. 2 is a schematic chip plan view of the
system LSI which is the example of the semiconductor
integrated circuit according to the present invention;

Fig. 3 is an explanatory view of the erase

25 operation of the nonvolatile memory element shown in
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information determ nes the |logical function of an output in response to an
input. Hy way of exanple, the flash nenory 115 functions as a | og§¢ Jii r780di t
in 10"which results each havi ng been obtained by executing a .predeterm ned
| ogi cal operation for the plurality of bits of an address signal are held
as data beforehand, so as to deliver a predeterm ned | ogical operation
result corresponding to the conbination of the |ogical 15 val ues of address
i nput signals. Although not especially restricted, the systemLSl 101

i ncl udes conplementary M S transistors (insulated-gate field effect

transi stors) which are fornmed on a single sem conductor substrate such as
20 single-crystal silicon by single-layer polysilicon gate processes, and
whose gate oxide filns have two sorts of thicknesses. Although not
especially rBsgri &dted, the external input/output circuit 103, anal og

i nput/output circuit 25 104, DRAM 106, flash nenories 113 to 115, ADC 111
and - 28 31 JULF20034ris an explenBacryliemclofdéhd $nitansi stors each
of which has a gate length of 0.4 Nmand a gate oxide filmthickness of 8
nm (Tox2) i noea§étépneﬁ%| &Pengopve lafideo deS rive RISy . SR riddisons
therefor are_that_a conparatively large thickness should desirably be set
for a tunnel F&%rdlifil mformed of a gate oxide film in order to make the

i nf t] tent] bilit the flash f I d

besi dos, St hat a ceF (R nodesr 8B SFBIAACPENATEM Ao 8 WRAAEnd Vol t age
inst th ' fil : d | ati

o the oper PG ol gt She AarppRiridsretb Y Baag e e gt

insulating fipkgs ¢t the MS transistors constituting the nonvolatile memory

e“enents of the flash nmenories, 15 those of the MS transistors included in
the external interfage 6i isuatcietaitcdimgramhanewdagalant kixakpasses

of a memory cell which is configured of a pair of
-10 nonvolatile memofy elements in a differential form;

Fig. 7 is a plan layout view of the memory cells
in Fig. 6, depicted in device structure fashion;

Fig. 8 is a schematic block diagram of a flash
memory which employs memory cells of differential

15 connection form;

Fig. 9 is a circuit diagram showing a
practicable example of a sense applifier which is
provided in the flash memory in Fig. 8;

Fig. 10 is a graph relevant to the threshold

20 voltage distribution of the nonvolatile memory
elements, showing the relationship between an initial
threshold voltage and a word line selection voltage;

Fig. 11 is a graph showing an example of the
input/output characteristics of the sense amplifier;

25 Fig. 12 is a graph showing the threshold voltage
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within the allowable range of errors ascribable to v ..~ process
deyi ati ons. Although not especially restricted, the all owabl e range of the
thi cknesses of 20 the gate insulating filns based on the process ypnﬂammpns
is 0.5 nmor so for a target filmthickness of 8.0 nmin case of a process
whose m ni num wor ki ng dinension is 0.25 humto 0.2 Nm and it is t0.3 nmor
so for a target filmthickness of 6.5 nmin case 25 of a process whose

m ni nrum wor ki ng di nension is 0.18 - 29 31 JUL 2003 Nmto O .15 arm. On
t he ot her hand, the circuits whose operating supply voltage is the
conparatively low internal voltage stepped down, that is, the logic circuit
109, 5 cache nenory 108 and CPU 107 include M S transistors each of which

h te | ength, of 0.2 Nm and te oxide film thick f 4 Toxl ).
A thougn notS BEpeLRar £9R a8, 71 BeBath: felievdl thn Fake MBEE 75 i ol udes
MS t i st f.both { ide.fil.m10Q thick . . Th t
bl oct rodes ot TrEnt cehEet MELIN &L PRGRC S 5PY Robbeg ST A gt e

i de filmthick . L f, idantical fil
Thi Ckness. Hor e e o reod FEngh BRbHthy €AR CRYEEholy WAEGE L1 T
signi fy 111 midiekpeesss Shi 8 margroiualliwihntReaRaald Qualle drange based on

process devi ations. Although not especially .,","~ restricted, the

al | onabls range: pd1 ttierédhekaessesage tiBeseat eohiplaiatiasad, Qb ;he process
deviations is -~10 20 %or so for a target filmthickness of 30 nmto 200

nm The foregoi ng Ried £ ki e dn | esphanabhgryhdiaequam shoelkimesshe can be
produced using an identical photo
actual measurement values of the rate £ of the faulty
( bits of retention faults for different thicknesses of
tunnel films, the values being used for computing the

10 effect of improving the rate of chip faults;

Fig. 15 is an e%planatory diagram showing
‘results obtained by comparing the rates of chip faults
in the present invention and a l-cell/l-bit scheme in
the related art;

15 Fig. 16 is an explanatory diagram showing
results obtained by comparing the rate of chip faults
of a flash memory of 64 kB which adopts the memory

L cells of the differential form cénfigured of the
nonvolatile memory elements in Fig. 1, with that in
20 the related art l-cell/l-bit scheme;
FPig. 17 is a vertical sectional view of the
essential portions of a device during a process for
manufacturing the memory cell of the flash memory and

the MIS transistor of the logic circuit in Fig. 1;

25 Fig. 18 is a vertical sectional view of the
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mask, and al so the foregoing polysilicon gates having 25 the equal

t hi.cknesses can be produced using an - 30 " 3 ~ m 2003 identical

phot o-mask. In this manner, the thicknesses of the gate oxide fi} quLzmﬂhe
* nonvol atile menory elenents of the single-layer gate structure are ma
common with those of the gate oxide filnms of the MS 5 transistors of the
other circuits, whereby the nonvolatile nenory elenents of the flash
menories 113 to 115 can be endowed with the sonewhat |ong information
retention capability by preferentially ,' avoiding the conplication of the
manuf acturi ng process 10 of the system LSl 101. [Nonvolatile Menory

El enent ] Schenatically showmn in Fig. 1 are the sectional structures of the

nonvol ati I'e e ELPTRE G O 108 {850 PR 4651 1ddnhfu ARG e M S

transi stors o type 1 ncluded i'n t e ex erna I nput t put

circuit 103 a@té/ﬁ lsissdfifed OOt S @héﬁ?técé@@ idheiy S yransistor MG
included in the logic circuit 109 is fornmed within"a p-type well region 121

which is formed in regu- e emeiEied Dr s sebsd i et ey 28 | 2P tHee p-type wel |
region 121 is isolated by an elenent isolation region 123. The MS

transi stor Messentcilalde et gate ok dee fdéwi¢dokhrifd Imdavtagtarthigckness of
4 nm a gate GI1 forned of an n-type polysilicon film having a thickness of
200 nm & 25 stepsWredquamedofthe progpes rbyi bhg. ah8;a drain DT1 - 31

3 v mzoa3 formed of an n-type region. The MS transistor MOn for the

ext ernal input/out fld-cidcdit 3 yEOriral ieriirnab-vigwe 9l theegion 121

which is forned i pe seniconductor substrate 120_ The type well
region 5 121.?%§?d§ﬁ%;(§%4§; ‘gédTQﬁl TV +291 O 123, m?ﬂ%fﬂFEPFEEHS|stor

M On fncl udes, @ g2t gy e 18 W (52T g 1 gHness o B o

Fig. 21 is a vertical sectional view of the

10 essential portions of a device during a process for
manufacturing the system LSI in Fig. 2, in a case
where gate oxide films have two sorts of thicknesses
and where a CMOS process adopting single-layer
polysilicon gates is employed;

15 Fig. 22 is a vertical sectional view of the
essential portions of the device during manufacturing
steps subsequent to the process in Fig. 21;

J Fig. 23 1is a vertical sectional view of the
essential portions of the device during manufacturing

20 steps subsequent to the process in Fig. 22;

Fig. 24 1is a vertical sectional view of the
essential portions of the device during manufacturing
steps subsequent to the process in Fig. 23;

Fig. 25 1s a vertical sectional view of the

25 essential portions of the device during manufacturing
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type polysilicon filmhaving a thickness of 200 nm a source ST2 forned of
an n-type region, and a drain DI2 10 forned of an n-type region. The

nonvol atile menory el ement 130 of each of the flash nenories 1131tj0 3008
includes a MS transistor MFSn, and a coupling capacitance el ectrode
constituting a control gate CGI. Moire specifically, 15 the MS transistor
MFSn is formed within a p-type well . region (p-well) 121 which is forned
in the p-type sem conductor substrate 120. The p-type well region i is

i solated by the elenent isolation region 123. The M S transi stor MSn

i ncludes a source ST3 of n-type 20 region, a d-rain DT3 of n-type region,
the gate oxide film @3 (Tox2) having the thickness of 8 nmas is provided
on a channel |ying between the source 5T3 and the drain DI3n, and a

fl oati ng gateepSTshibsegdeat: thethet ypwqedy/sid ikion fi4;m havi ng the '
t hi ckness of 200 nm 25 as is arranged on the gate oxide film 3. The - 32
31 JUL 2003 contrBiggaRé CsTai veahigaflyseatddnalegiiev (f vihd) 122 which is
formed in the p-type sem conductor substrate 120. The n-type well region
122 is isol geegnbyathpostdppat ofs&ngt idaV agy b B mapief acEypéndel | regi on
5 122 is overlain by the extension portion of the floating gate FGT through
t he gate oxFH@PFiFH¥€B§PePﬁ tRetBECPFOTAS i ddWBFI Fi%P7 1, the floating gate

FGT is gepicted i f '? were broken qidwa .bet ween t he .transistor
MFSn and t he con?fb?'gg el®ct, VBut e i§eﬁ§¥f M & Unitary as
h in Fi hieh wi Ll f t . -t

\?velo}mr Iegi olngﬁgn}é\g‘lﬂ?oP%g&\?mn?hggn%hggﬁtﬁé‘ér%gcﬁ{)rn“%ﬁ*%}g} t %uié gg?r oége

connecti on 9£e§>§esﬁeaéaalenaa£s £ phlddesd 15 & iy .ewd;0r explaining the
erase 15 operation of the nonvolatlFe menory el ement 130. In . the erase

operation, the p-ryge el isreogrentidilagéctionalt yiewrsl tiegi on 122 being
the control gate CGT ¢ . .~ are brought to O volt such as the ground
potential, esaentisalVpartiony afidthe de¥ivehaluding pegiufact@Oingl t age of 7
v, that is, Vs =7 Vis apglied to the source ST3; and O volt such as the
gr oundlHot efEPRF, SRRELARENTVEO=tDeVPTOCHSA iidd RiF t e idrai n DT3; wher eby

Fig. 29 is a vertical sectional view of the
essential portions of the device during manufacturing
steps subsequent to the process in Fig. 28;

Fig. 30 is a vertical sectional view of the

15 essential portions of the device during ménufacturing
steps subsequent to the process in Fig. 29;

Fig. 31 is a vertical sectional view of the

| essential portions of the device during manufacturing
steps subsequent to the process in Fig. 30;

20 Fig. 32 is a vertical sectional view of the
essential portions of the device during manufacturing
steps subsequent to the process in Fig. 31;

Fig. 33 is a block diagram of a microcomputer

which is the second example of the semiconductor

25 integrated circuit according to the present invention;
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el ectrons are extracted fromthe floating gate FGI into the source ST3 by a
tunnel,ing current. Thus, the 25 threshold voltage of the nonvol atile nmenory
el ement - 33 31 JUL 2003 130 as viewed fromthe control gate (wbtdll 206%)
is |lowered down to, for exanple, 2 V. Consequently, the state of the

t hreshol d voltage of the elenment 130 is brought into the erase state. As
apparent fromthe 5 device structure of the nonvolatile nenory el enent 130,
the control gate CGI is formed in the n-type well region 122, so that the
word line voltage VW is not brought to a negative voltage. In the erase

~, ,.",-.,. operation, therefore, the source voltage Vs is held at 10 Vs =
,7 Vrelative to the word Iine voltage Vw =0 V. Fig. 4 is a view for
expl ai ning thggqwite operation of the nonvolati2e nenory element 130. In
the wite operation, the p-type well region 121 is held at 0 V (Vpw = 0 V),
the n-type well regign 34245508} 88kt B?zag%&nr %lhogﬁ}n%( \(?‘é"‘?ir_éié-!ﬂ gl at 6V

(Vpw = 6 V), the soufce ST3 at the ground potentia and t he

drain DI3 ateRaMpi¥bini £h¥) cade @heesUlh skalM in &lieet ansigreated in the
drain DI3 are injected into the floating gate FGI, and the threshold

vol tage of 2@nthenacedohat al earhsomgmelrgnent 130 as viewed fromthe contro
gate (word line) CGI is raised up to, for exanple, 4 V. Consequently, the
state of5the threshold voltage of the elenent 130 is brought into the wite
state. By the way, the threshold voltagg of 25 the wite state of the

el ement 130 and t haPESCRIREIONIQF THE] PREFERRED FMBODIMENERS t her eof may
well be set reverse to_the above. Fig. 5is a view for explaining the

r eadout operé?YBFerLﬁﬁé nonvol atile nmenory elenent. In the 5 readout

ORI om ot e, B RS LRy omddt, LA BEGE 3 s gmndatent il (Vo
(Vpw = 3 V), 18§ 5PULCEystamahstNEnIEqURd R @Xandlie of a
10 semiconductor integrated circuit according to the.
present invention. Although not especially
restricted, the system LSI 101 illustrated in the
figure is so constructed that a large number of
external connection electrodes, such as bonding pads,
15 102 are arranged at the peripheral edge of a
semiconductor substrate 100, and that an external
input/output circuit 103 and an analog input/output
| circuit 104 are disposed inside éhe electrodes 102.
The external input/output circuit 103 and the analog
20 input/output circuit 104 have an operating supply
voltage which is an external supply voltage of
relatively high level, such as 3.3 V. A level shifter
105 steps down the external supply voltage to an

internal supply voltage such as 1.8 V. Inside the

25 level shifter 105, there are a dynamic random access
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~~y ., , (Vs =0V),~and the drain DT3 at 1 V (Vb =1 V). 10 Thus, the

t hreshol d voltage as viewed fromthe control gate (word line) CGT is
decided. The 1 V' of the drain DI3 is the precharge |evel of a dgﬁf.Mjﬂmgto
which this drain,is connected. On this occasion, the readout wor rl e
voltage (vpw = 3 V) is held at the 15 m ddl e val ue between the threshold
voltage VthL (VthL - - 2 V) in the erase state and the threshold voltage
VthH (VthH =4 V) inthe wite state. This point will _,~ be explained in
detail later. [Menory Cell in Differential Connection Formj 20 Fig. 6
exenplifies a circuit diagramof a menory cell 131 which is configured of
one pair of nonvolatile nmenory elenents 130 in a differential form

Alth h i al i cf [ d h \ l.ati |
ol emonts 1adiesioh GTORA! cFO55 s nEpRREEL RESRRE Ao Sl and e
trol te 54 35 J 0 tityte.the. I it
ggrl;013%acg¥Q%%pﬁnﬁﬁéﬁFt%#ﬂpéft?Céégﬁ gﬁgﬁhé §8§&8|§ﬁ?§§3#%&§$£'é#gﬂénts
130 has the Spdacticed HAbR Dffea it OpptRg 936C BRI 304 o6001d.0) date CGT,
0 are co

and one pair control gates nectéd in co nto the word

line W of %MEQSW%i&HV-cin@uﬁfaiﬂoéé 99¢ ,NaRuoLhakijke dmnmry el ement
130(L) is connected to one '~; data line DLt of a pair of conplenentary

data |limes afo-analog caTeers BsPopti-dgi€olonn) Winle theidseea akt the ot her
10 nonvol atile nenory elenent 130(R) is connected to._the other data line
DLb of the paimemdflsdnd enent bY yadkateléecheicallyherasabdepamdi ng col um. In
addition, the sources ST3 are connected to a commopn source |ine SL every
group of norisERaNAETIgNE baehie memeries, cdast prkamplen ddasimg unit.
Fig. 7 exenplifies the plan | ayout of the two nenory cells shown in Fig. 6.

| nci dent al | y'eMAFe-SSec tiGPAE H R onFhisatDRAM nkhor yCBY eh®ht sL980 in Fig.
109 and CACH 108 are operated by their operating

10 supply voltage which is the internal supply voltage,
such as 1.8 V, fed from the level shifter 105. The
DRAM 106, however, steps up the internal supply
voltage so as to form a word line selection level,
which is used as the operating supply voltage of a

15 word driver etc. Each of the flash memories 113 to
115 is operated with the internal supply voltage in a
data readout operation, but it requires a high voltage
in erase and write operations. The high voltage may
be formed by an internal booster circuit, or may well

20 be fed from outside and through a predetermined
external connection electrode in the predetermined
operating mode of the system LSI, such as the EPROM
writer mode thereof to be stated later.

The flash memory 113 is utilized for storing the

25 remedy information (control information for replacing
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6 correspond to a sectional view taken along arrows A 20 - A indicated in
Fig. 7. Referring to Fig. 7, one nenory cell 131 is indicated by a broken
line, and it is formed of the elenents 130 forned in the p-type | rgﬂbon
121, and the n-type well flow region 122 forned in adjacency to 2 T 4 2003
p-type well region 121 and for formng the control - 36 31 JUL Z003
gates CGI. The outer side of a rectangle denoted by synbol 123L is the

el enent isolation region 123. The floating gates FGI are forned of
polysilicon layers PSi. The n-type well region 122 formng the control 5
gates CGTI is connected to a first alum num conductive |ayer AL1 through a
contact hole CH, and the first alum num conductive |layer ALl is further

connected to 4 r g\gfg)wéﬂc@g oy redes o laem}?t %&%gy%@@ggw%iﬂe | ayer

AL2, through t h- hol TH. The n-type wel regton 1 extends al ong

the word |inenell@apRil060f wapimd eﬂfﬁiltﬂfa’srdﬂﬁéknéi%eflpl—ls PEp1apedf ormed of
the first al um num conductive |ayer. The drains DI3 in the p-type well

region 121 arferceroedhned the thandidy rimfo el enrent atlye dadahbi Memolht , DLb
t hrough contact 15 holes CH The sources ST3 in the p-type well region 121
are connect ed 08B0 anide ifsi psiclalged niuma et uct | v erdmady iy lprbgoagh a cont act
hole CH, and the first al um num conductive |layer ALl is further connected
to the séurceilncydtSbagede aif furesecBhe Flasbnmeredycdriductive | ayer AL2
t hrough a through-hole TH. The top surface of the el ements 130 thus
construct ed CONSHiitRELF @0@&qgf§éﬁ4P¥Ft4ﬁ9%Feﬁ%ﬁﬁ?&ﬁn%6%%%0?F9§eﬁayer AL3

' der to shield the el ts 130 f light, for th f th
prevent | on of NOFRASREr SIS LMD 195 2k AN ELOV S S,

Indidentallybquut in response to an input. By way of example,
the flash memory 115 functions as a logic circuit in
10 which results each having been obtained by executing a
predetermined logical operation for the plurality of
bits of an address signal are held as data beforehand,
so as to deliver a predetermined logical operation
result corresponding to the combination of the logical
15 values of address input signals.
Although not especially restricted, the system
LSI 101 includes complementary MIS transistors
) (insulated-gate field effect trahsistors) which are
formed on a single semiconductor substrate such as
20 single-crystal silicon by single-layer polysilicon
gate processes, and whose gate oxide films have two
sorts of thicknesses.
Although not especially restricted, the external
input/output circuit 103, analog input/output circuit

25 104, DRAM 106, flash memories 113 to 115, ADC 111 and
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-- 37 _ " 31 JU 2003 capacitance (C2) is fornmed through the gate oxide
fil.mbetween the n-type well region 122 to serve as the control gates (word
Li ne) CGT and the polysilicon layers PSi to serve as the floating 3@23®3

- FGI. A5 coupling ratio, C2/(Cl + C2) which is determ ned by the &
capacitance (Cl) of the MS transistor 130 and the capacitance (C2)
nmenti oned above is set at, for exanple, 0.8. As understood fromFig. 2,
ot her nmenory cells are arranged around the nenory cell 131 10 so as to
become mrror-symetric with respect to twodot chain lines B, C, D and E
Thus, the nenory cells are constructed. Incidentally, it will be readily
understood by one skilled in the art that p-type regions 300 each serving
to set the p nti,gl- .of p- . | 121 as shown.i,n Figs. 3 to 5 are
di sposed at %&gdgpgr%ﬁﬁ%&ggn#§§v§%é%%$%§°§ﬁm§%§th£;#giﬁ% %i (iLZ) t hough -
not illustra 13 a r Fig. i I A S i ¢c.block
di agr am of Zégfg‘ﬁelfﬂpégh %Lgmwsgoﬂ%a\ﬁnd?c %ea{r#p% ﬁlﬁ?ﬁmﬁfﬁﬁgswl in
t he di fferengiga n hqn ;{0 i ; er flash
menori es 114U§n3 %flﬁSre?gkg né%lr Egseejd%g %%ﬁalﬁl)ylﬁgoq?ﬁ% ﬁaés{@crr%rr%ry 113. In
the menory ateaunehobhe ftRehréBsBhY thdrelfBe d2eMeMRILY Cells 131 are
arranged in the shape of a - 38 1 T.. Vi ~I7 31 JUL 2003 matrix. The
control gat esomparheinelpr Yargkl $hidknass coivullet des itsblprise| saes W1 to
W.n of corresponding rows, the drains thereof are coupled to the pairs of
_conpl enent ar fodatatinned Pkiide DiBm tforMednoDidgaife corids pbitinpng col ums,
and the sources thereof are coupled to the source |ine SLi every erasing

_ % t 5 bl ockINACFBREdERoBRKE1BDEf dPFRIRAGAR hateniclaietGapribhby in

‘vabgordance with a r address _signal RADD, etc. A word driver 141 drives

e e i neEahhenlaShERRLE BavoRataG d A PSR 1 GTAT ghal . The

e

Wl Y | | i S.Q d drj 1b d
e dr i ve. vepPralicatfie bRCwiEnd el VB1ae i londand L ) 2ol ace,

-

‘wite ofgreaggytagnesghinltf ehet B2 ARBKUNALE & HERI e %ﬂﬁ-’é_‘tfifﬁ&m ay

Inc~uantally, a latch circuit for holding the row address signa
wel | be di sppeedsatotbe enputedSrelative to the operating voltage

of the MIS transistor. Accordingly, the gate
insulating films of the MIS transistors constituting
the nonvolatile memory elements of the flash memories,
15 those of the MIS transistors included in the external
interface circuit, etc. come to have equal thicknesses

within the allowable range of errors ascribable to

;
(N

process deviations. Although not especially
restricted, the allowable range of the thicknesses of
20 the gate insulating films based on the process
deviations is *0.5 nm or so for a target film
thickness of 8.0 nm in case of a process whose minimum
working dimension is 0.25 ym to 0.2 um, and it is *0.3
nm or so for a target film thickness of 6.5 nm in case

25 of a process whose minimum working dimension is 0.18
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portion of the row decoder 140. The pairs of conplenentaryrdata |ines DLtI,
DLbl to DLtm DLbm are respectively coupled to the differenti al

i nput/output term nals of sense amplifiers (SA) 143 through equalﬂjdmmﬂmﬁ
tr-ansi stors ML and precharge M S transistors M2, M3. Synbol vpc 20 denotes
a precharge voltage, and synbol ~pc a precharge/equalize control signal. A
precharge 25 voltage switching circuit 149 switches and delivers - 39 31
JUL 2003 the precharge voltages Vpc in accordance with the erase, wite and
readout operations for the nonvolatile nenory el ements 130. The operating
supply voltage of the sense anplifiers 143 are switched and 5 fed by a
sense anplifier supply voltage switching circuit 144 in accordance with the
erase, witep angor @adguymqeper ati on nodes for the nonvol atile nenory
elements 130. Further, the pairs of conplenentary G Yf. data |lines
DLt1,,DLbl to DLt npnDth& atRegohafdl, edhien ci® cadoEwHoE el qidra®ing

conpl enentary common data |lines CDt, CDb through colum selection MS
transi stors BMipply. vAltahgemisdéhed eombdy atdomlss laow dlntrereedtr ess si gna
CARD, and controls one pair of colum selection MS transistors M4, Mo into
their ON stavedtage Eheppendt dowp, &hlat dls,citheuiltodisr digtaliig 168, col um
address signal CARD may wel| be disposed at the input portion of the colum
decoder 345. c¥rBepRepogy 108r andcGRY| diPdntidcl vdsmit® detangisie’r&D, Chb

are coupled to the data (nput/output termnals of a nmain lifjier 20 146.
The main ampPRERePTIRBLIGD: Posr 8 BRESG Q50 - giIaRst 4 hEABSI 1 of

compl enent ar ¥ SAITRA1 A2t R;LNESs e 4O (o] IRy LRB GRSy 11

si ngl e-end fashron;, "and conp arily dri'ves 't'he pair conpl ement ary

cofmyp data LiLpesiChty FBBtracearr $ABCa AR INis dhe digial 1 g8l ue of a
wri tiegsi gnal received from- 40 31 JUL 2003 outside the flash nenory.

The source | iineidkessmischeansngtbesds £s@urde thengyatd toagirke coLIRSpondi ng
to the erase, wite and readout operations for the nonvolatile nenory

el ements0 130thAcknesseb.circuit 5 148 executes the entire controls of the
flash menory such as the controls of operation timngs and the selection
controls of the reEhecygate ebeehrPAgsvort 2§es respechdver S wite and

readout operation C, . . . .
P transistors having the different gate oxide film

thicknesses are formed of polysilicon layers of
identical film thickness. Here, the identical f£ilm
15 thickness of the polysilicon layers signify f£ilm
thicknesses which are equal within an allowable range
based on process deviations. Although not especially
M) restricted, the allowable range bf the thicknesses of
the gate films based on the process deviations is *10
20 % or so for a target film thickness of 30 nm to 200
nm.
The foregoing gate oxide films haviqg the equal
thicknesses can be produced using an identical photo-~
mask, and also the foregoing polysilicon gates having

25 the equal thicknesses can be produced using an
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of the nonvolatile nmenory elenments 130, in accordance 10.with the plurality
of. instruction signals CONT of access~operations from outside the flash
menory. The voltages which are applied to the nonvol atile nmenory @h@@@ﬁﬂﬁ
130 in the erase, wite and readout operations are controlled as descri bed
with reference 15 to Figs. 3 to 5. Incidentally, the operations . specified
by the instruction signals CONT may well include a wite verify operation
and an erase verify r~ operation. An exanple of the sense anplifier is
shown in 20 Fig. 9. The sense anplifier 143 has a pair of conplementary MS
inverter circuits each of which includes a series circuit consisting of a
p- channel type M S transistor MLO and an n-channel type MS transistor M1,
and it is c d | fferenti. jfi CincUid ich the
AP el FoPRHE s, Saf e tindse

i nput of - one of the conplenmentary €r circuits

(s coupl ed 1 ke Qi lolad e BIdern CEASSHES6o1 e OUhaEG! @ Suppl y

vol tage/witing high voltage (Vcc/ Vpp) swtching circuit i's connected

to the 5 sogneaentls Wte dieS i -Stpfsr & hg 0pgbc@r - £hanpghiet Ype M S
transi stor ML2, and the sources of the MS transistors ML1 are connected to

the ground vemnege with @Wdge df Whd iy hoaide- chamsebr type NS transi stor
| 11F . yi. ; ML3. The supply voltage/witing high voltage 10 (Vcc/ Vpp)

swi t chi g citranististo¥sdelfi wdres cat-lsappd yrguiviod | agkekelsy =tde8 V in the
readout node, and a writing high voltage wop = 5.5 Vin the wite

oper ati on. TRAVRILStidengienanys eNEemens3 diinthe ofil agh pperersest ks for ~t he
sense anplifier 143, and a sense anplifier 15 activation control signal

Visa is fed%™oldRe G Ooendaved Fithihe spmehat WRe a signal obt ai ned
by inverting the sense anplifi.er actk¥$1ion control signal.Visa by neans

of an.inver tOFCIBRTIEN EF R TG MOS AR LY RASTCRRE420EE anpii fier
acti Vat | on 20589hc0lkrs) @aaly Mcsidch WOUY dfndf5cdiBlh) Ypbogked 1M N0

at which the sense anplifier is to be operat e erase
operatign, blethensgsaeml irfgreroh43 maintains its inactive state, and the

pair of conplenentary data |ines are held at the 25 ground voltage (= 0 V)
t hrough t he [ppaobangd 1l Stemod? Element] -
Schematically shown in Fig. 1 are the sectional
structures of the nonvolatile memory elements of the
flash memories 113 to 115, and the MIS transistors of
15 n~-channel type included in the external input/output
circuit 103 as well as the logic circuit 109.
The MIS transistor MLGn included in the logic
o, circuit 109 is formed within a thype well region 121
which is formed in a p-type semiconductor substrate
20 120. The p-type well region 121 is isolated by an
element isolation region 123. The MIS transistor MLGn
includes a gate oxide film (Toxl) GOl having a
thickness of 4 nm, a gate GT1 formed of an n-type

polysilicon film having a thickness of 200 nm, a

25 source ST1 formed of an n-type region, and a drain DT1
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31 JUL 2003 transistors M2, M3. The voltages of 7 v, 5 V and 6 v which are
the high voltages necessary for the erase and wite for the nonvolatile
menory el ements 130 as respectively 5 described with reference to Figs.
and 4, may be directly inputted fromoutside the flash nmenory, orﬂﬂh@i m@&
wel | be generated by stepping up the supply ,. voltage of 1.8 V or the
external supply voltage of 3.3 ' v by the use of the internal booster
circuit. The 10 ward |line selection |evel of 3 v necessary for the readout
operation for the nonvolatile nmenory elenments 130 as described with
reference to Fig. 5 may be generated either by stepping up the internal
supply voltage of 1.8 v by the use of the internal booster 15 circuit, or
by stepping e I u ol t 3 e of an

i nternal step- 5%%“%?r%%?éhé§%§ ?%é¥g¥éré§g?n o%n% ?%%E%FBPhgyéénnry cel
131 is detergg YettWssal 0f} : t vol.atyd e nmenory
el enment s 13d§%ﬂ?§%@a?% dif?%rgﬁga%{éﬁgégghegfhggF ﬁ% %gf%%? gkgﬁgfg, t he
logi cal val ug pItypd 4éEL Stegesni Nhor wRLEAN:Of rhRRcE IR ¥ heel e i s
obtained by the wite state of the left nmenory cell 130(L) in which the
threshol d vadémpeondudtigh, swngctfiee 2528t asenstpieypé LEELrtehiofenory cel |
130(R) in which - 43 31 JUL 2903 31 JUL 2003 the threshold voltage is
| ow. When t hi2 heiwrisakdted Hy i thguthohatiaheregisal a@Bed Thet MESr eadout
operation, the flash nmenory in Fig. 8 is so operated, for exanple, that the
data line uﬁ#an@gﬁﬁpxrMJan#@ﬁﬁmsg% fegetet oxhdedfalm 2l é¥eix2)while the
data line DLbl js discharged to beconme a |ow |level, that the resulting

di fference VAYRE 4 stré*‘é?@é%e% Pl i ddIpyet FE2sEpEBednpiti Afe™143, and

that the datga of t | 00 cal "1 is_deglivered outsi 10 through the
nain;anplrﬂéypﬁfﬂé¥2§#¥%ﬁ§an#Eiﬁﬁ%%%%n?h% E%b?gﬁﬁs§a93ebgg"n8$ fhe' stored
i nformation g@ﬁ?y I i i . t era a f the

| eft menory sége"]xlté%SO( ) 1n i%%?’%rﬁueﬁt %h%%gl%rtggg %saﬁgw?l tgﬁl t he
wite 39 stadndq tde dd altcypaorageeh!l 130(R) in which the threshold
voltage is high. when the nenory cell 131 in such a state is sélected in

t he readout oper atlihen no@vidietfilases memomy yelemény. 180i sfseaocheodt ed, for
exanple, that the data |ine DLbl keeps the precharge 20 |l evel to hold the
hi gh | evel , W B ashe ieRar ieshel BLtto 115 includes a MIS

transistor MFSn, and a coupling capacitance electrode
constituting a control gate CGT. More specifically,

15 the MIS transistor MFSn is formed within a p-type well
region (p-well) 121 which is formed in the p-type
semiconductor substrate 120. The p-type well region

i, is isolated by the element isolaéion region 123. The
MIS transistor MFSn includes a source ST3 of n-type

20 region, a drain DT3 of n-type region, the gate oxide
film GO3 (Tox2) having the thickness of 8 nm as is
provided on a channel lying between the source ST3 and
the drain DT3n, and a floating gate FGT formed of the
n-type polysilicon film having the thickness of 200 nm

25 as is arranged on the gate oxide film GQ3. The
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is discharged to becone the low |l evel, that the resulti
voltage is sensed and anplified by the sense anplifier

data of the logical value "0" is delivered outside thro
“anplifier 146. - 44 " 31 JUL 2003 f In case of witi

ng difference

143, and that the
ugh the 25 IndilLn2003
ng the data of the

| ogi cal value "1" into the nenory cell 131, the nonvolatile nenory el enents

130(L), 130(R) are brought into the erase states, where

upon only the left

nonvol atile nmenory 5 el enent 130(L) is programmed into the wite state by

the differential anplification action of the sense anpl

ifier 143 for the

pair of conplenentary data - |ines, in-accordance with the conplenentary

signals of the pair of conplenentary common data |ines

CDt, CDb 10 driven

to the conpl ey dauel sePyid hen Wit Ppaahay of rE?@ohoghcﬁéliiﬂ 4eo' 1"

inputted to the main anplifier 146. In case of wri

ing the data of the

| ogi cal val ueshi¥h iid cEdimedreiwryhe g+t ipd, seniyohtctbghbubsayakatil e
menory el ement 130(R) is programed 15 into the wite state conversely to

t he above, afizl.tRéenartyips Wed Inemghipnell@enis idStld)ed 13p(H)eare brought
into the erase states. ----~ [Initial Threshold Voltage and Wrd Line

Sel ecti on Volelspgnoiskil@t ian jreqinan akdd. t IRhe aldtypasiell beegeen t he

initial threshold voltaqf Vthi of the nonvolatile menory

sel ecti o® volk%el SV Var ok thie Whe EAYensS iIamepPEELPRI ©

el ements 130 and a
thekshol d vol t age

ilm GO3.

Vthi of the n nvolatlle nengg¥t§lenents 130 is determ ned 25 conS|der|ng
f%ﬂﬁ S

gﬂﬂﬂqf gate oxide £

the sectional view of Fig. 1, the floating

the operatin

gate FGT is

O depicted as if it were broken midway between the MIS

!
i{"‘."l‘a .

ol

transistor MFSn and the control gate CGT, but it is

10 actually formed unitary as shown in Fig. 7

which will

be referred to later. By the way, the n-type well

region 122 is formed with an n'-type' region 203 for

the electrode connection of the control gate CGT.

Fig. 3 is a view for explaining the erase

15 operation of the nonvolatile memory element 130. In

the erase operation, the p-type well region 121 and

the n-type well region 122 being the control gate CGT

) are brought to 0 volt such as the ground potential,

that is, Vpw = 0 V and Vw = 0 V hold; a positive

20 voltage of 7 V, that is, Vs = 7 V is applied to the

source ST3; and 0 volt such as the ground potential,

that is, Vb = 0 V is applied to the drain DT3; whereby

electrons are extracted from the floating gate FGT

into the source ST3 by a tunneling current.

Thus, the

25 threshold voltage of the nonvolatile memory element
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- 45 31 JUL 2003 143 and the word line selection voltage Vread. Mre
specifically, the selection voltage Vread which is applied to the word |ine
WL for the purpose of the information readout fromthe nonvol atil q@gﬁmg 5
elenments 130 and the initial threshold voltage Vthi of the nonvol gi

menory el ements 130 are substantially equalized to each other. By way of
exanpl e, the difference voltage between both the voltages zs set at . a
voltage (for exanple, a voltage of 50 nv) being 10 snaller than the voltage
width Ovth of an input voltage range within which the sense anplifier 143
is caused to execute a transient response operation (that is, the so-called
"high sensitivity range" of the sense anplifier 143). Fig. 11 illustrates
an exanpl e 15138 dsheviewed / fudmputhehaontreli gates (abrdhd iswensds anplifier
143. The region of the voltage width Ovth is a range within which both of
the M S translewered Mavmnitb Mfioxopxanple, ng Vhe Gemsequeptilyi eth243
operate in their saturation regions. In addition to 20 the fulfillment of
the above corffdtoret ddprpciiresheld exhbpoe of thg. elemeats 130e isiti al

t hreshol d vol tage Vthj at vol tage near the average value of the | ow
t hr eshol d vol’%‘g‘!@f\ﬁ r&n%ota}l?\ee#ﬁ $HRESholAF \&H’E%ﬁ%"vt RFPm| Rhene

d i pti Figs.. 3 d4 high 25 th hol d I Vt hH i h
wite stare denidF swhitlute orSRsTRosab b REE RinE R BTl ¢ age Vi hL
N the erase siqlq s Qderon dNS @6£asLoPo-hB] AT Lhal diganald ol tage

Vthi and the word Tine sel'ectibn voltage e reado operation are

set at 3 V by-a@orPf1 X208 &chax [thé #5AG 9eiRe! ¢bngagkate jkhadi gh

t hreshol d voltage vthH of the nonvolatile nmenory el enent 130 gradually
approggches therduyiit alo tahrmsducd ivey obd Rige@ge/t hir reife téweasal equilibrium

st at egs-on account of ;',a j , charge |eakage ascribable to the electric
field of the derdteimt tiherdfors, i theppdirdet volhageulselisf hedad @t t he

ot her hand, the low threshold voltage Vt hL of the nonvol atile nenory

el enent 1830 diadual 1Y TROdth e tHee ivexd al inareshbraev¥mwt Fg@ W+hi in the

t her nal equilibriu&Lstate” on account of a electrighfieldtin 15 a charge
gai n di rection att fifn dd i % RESHbriPy P LarnIng the write T © T

6§efétion of the nonvolatile mémory element 130. In
the write operation, the p-type well region 121 is
held at 0 V (Vpw = 0 V), the n-type well region 122

15 being the control gate (word line) at 6 V (Vpw = 6 V),
the source ST3 at the ground potential (Vs = 0 V), and

the drain DT3 at 5 V (Vb = 5 V). As a result, hot

—’

electrons created in the drain DT3 are injected into
the floating gate FGT, and the threshold voltage of

20 the nonvolatile memory element 130 as viewed from the
conﬁrol gate (word line) CGT is raised up to, for
example, 4 V. Consequently, the state of the
threshold voltage of the element 130 is brought into
the write state. By the way, the threshold voltage of

25 ‘the write state of the element 130 and that of the
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selection voltage Vread in the readout node. As described above, the
initial threshold voltage Vthi ,L,~ and the readout word |line selection
voltage Vread are set to be substantially equal within the range %ﬁ.mhe@@p
*voltage width Ovth within which the sensitivity of the sense anplifier

is high. Thus, even if one nonvolatile nmenory el enent 130(L) or 130(R) of
the nmenory cell 131 has turned faulty due to the gradual fall of the

t hreshol d voltage of the nonvolatile 25 nmenory el enent 130 havi ng the high
t hreshol d vol tage - 47 31 ~tlIL 203 VthH or the gradual rise of the

t hreshol d voltage of the nonvolatile nmenory el ement having the | ow
threshold voltage VthL, the threshold voltage of the faulty nmenory el enent
130(L) or 130¢éRasesstaveghheradbd hmag wbdlebehbeh reveuss ant itdld y equal to
the word line selection voltage Vread. The faulty nonvol atile nenory

el ement 130(Labovedl30(R) is therefore in the transient state or
internediate state between its oN ~i J. state and its OFF state, whereby
its signal state 1(FiFarksmidtadviewtfersexpbaidnpngf the rg#ademtough the data
line brings this sense anplifier 143 into the input state of the transient
response oper@PEEHt 1R F dF R Jonvelagile: BEROGY eAEMSMter RBnbtBEati| e

I t 130 of th Il 131 i | . 15 . is th
g bosst bi | FESARHELOR TR ETOR e bt BrFAPPORoDE FRELEE: 1okt Pl val uo

o i1 oror o et A5l el UL LUE, G511 1400, Lh O SRECMGID @ BY Lhe

di fferenti al 1on ron o sense afpli

[ong-ter m dat 23 o Saki Y Ae CGPABELL! Yabl (SraIRRK)CRLr 313 y enhanced,

and lowering In the rate of readout faults can be realized. Especially in
case qf previpushy=seiv) nxldesoniéeabrs haesbpeédgyelihagpoviehiciall t he
voltag% near the 25 average val ue between the relatively |low threshold - 48
(Vs # 0 V), and the drain DT3 at 1 V (Vb = 1 V).
10 Thus, the threshold voltage as viewed from the control
gate (word line) CGT is decided. The 1 V of the drain
DT3 is the precharge level of a data line to which
this drain is connected. On this occasion, the
readout word line voltage (Vpw = 3 V) is held at the
15 middle value between the threshold voltage VthL (VthL
= 2 V) in the erase state and the threshold voltage
vthH (VthH = 4 V) in the write state. This point will
“) be explained in detail later.
[Memory Cell in Differential Connection Form]
20 Fig. 6 exemplifies a circuit diagram of a memory
cell 131 which is configured of one pair of
nonvolatile memory elements 130 in a differential
form. Although no special restriction is made, the

two nonvolatile memory elements 130, each of whicﬁ

25 includes the MIS transistor MFSn and the control gate
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31 JUL 2003 voltage VhtL and the relatively high threshold voltage VthH, it
is ‘possible to substantially equalize the occurring probability of faults
ascribable to the gradual fall of the high threshold voltage VthH 3I tﬁﬁ]5
“nonvol atile menory el ement 130 and the occurring probability of dull s
ascribable to the gradual rise of the low threshold voltage VthL of th
nonvol atil e nenory el enent 130. Thus, the long-termretention x:~,,, :
capability of the menory cell 131 for the stored 10 information can be
enhanced to the utnost. The initial threshold voltage Vthi can~be
controll ed by, for exanple, the ion inplantation of a p-type inpurity into
the floating gate FGI because the nonvolatile nenory elenent 130 is of the

n-channel 15 &ype. cAgs €xinkdh "ede BRERALE Eaﬁlngg}sﬁk%ie'ﬂapgwy el ement 130

whi ch can be produced by the single-layer pol icon @ process has the

M S transi st GkorP@sbdndiddecSONtH oL . Jat£cHli SPOSKE §On@S1hLiNBL €rpose the
insulating filmbetween it and the floating gate of 20 the MS transistor.

For the pur pasemoiy celdnienits np3 0 heashthehebdriel 5ages dra ifr e, | Npurity
simlar to that of the p-type well region 121 is introduced into the

fl oating gat ef FaAt g tgrtenFWD| annd | eoneroiygekenest, 1 3G dwkingh pedie be
produced by the single-layer. 25 polysilicon gate process, whereby the
initial 549 of guningl Es HEEhard ¢ohnegbedf inheommovoitat ithe nenory
element 130 is readily set at the voltage which is approximately the mddle
bet ween the WFA thitsHd P A tHYErapRORdéngoiovhr Bl dradnt a§eonBven in

such a 5 case of intraducing the jnpurjt a_CMXS process can be applied to
t he manuf act lﬂ%m{)cff&l QST ¢ LERPn 610 hhs st EPPH&CFI%! oWt i | e
merfor \. el ene RPN I al kv t hreshal d wvol t ages
c~~, »:,ﬁr e adj tr}isaf%agolbjyn% rﬁl'rec:ﬁfglaﬁ(fg %%Pné%yggﬁg%ﬂ%%%n? %t%o l~t‘§’r§1lee%crcl)aflnm,al\ of
the M S trany d¥rddpahdith P tum@skuhPlet BReCARRNR! ofMRRNLAHLN IS added

to the CMOS process in the manufacture of the MS transistors M-Sn. Here,
that | oweri nghaxfvdliet irla enemforyeagibethent 130(R) is connected to.the
other data line DLb of the pair of complementary data
lines of the corresponding column. In addition, the
sources ST3 are connected to a common source line SL
every group of nonvolatile memory elements which
15 constitute an erasing unit.
Fig. 7 exemplifies the plan layout of the two
( memory cells shown in Fig. 6. Incidentally, the
section of the nonvolatile memogy elements 130 in Figqg.
6 correspond to a sectional view taken along arrows A
20 ~ A’ indicated in Fig. 7.
Referring to Fig. 7, one memory cell 131 is
indicated by a broken line, and it is formed of the
elements 130 formed in the p-type well region 121, and

the n-type well flow region 122 formed in adjacency to

25 the p-type well region 121 and for forming the control
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15 faults which is attained by the nenory cell structure . of the

di fferential connection formas in the nenory cell 131 wll|l be described as
to probabilities. As 1 ....~ explained before, the setting of Wt hid1=llrB88d
" substantially equalizes the probabilities at which the 20 faults of the
nonvol atil e nenory el enents of the high threshold voltage Vt hH occur due to
the threshold voltage fall and at which the faults of the nonvolatile
menory el ements of the |ow threshold voltage Vt hL occur due to the
threshold voltage rise. 25 As a prem se therefor, there will be derived the
rate - 50 31 JUL 2003 4 ~~i _.~r y.Ix. t of readout faults in the case of
the nmenory cell in the 2-cellsll-bit formin which 1 bit is configured of

two nonvol at ida g S, elrfEeBhterBy WY o¥f LXUR fhqlletddiikdd depote the
probability of faults after 10 5 years in the case of a nenory cell of

1-cell/1-bi tsye®fli awr3at 50 dne Wikl bidolst confreyied oh3onermenvol atile
menory el enment, the following holds: State (1): Probability Pa at which
both the 2 cdloatdigy fgatdd BT ak® FBormdd of fpolysilljcShaleyéy:
Probability Pb at which either of the cells is faulty, Pb = (1 - f) f + f
(1 - f) - 2f pSL.- The2n-Bypeewed): regdbabill2iz yfoRmiatg whecdmttot he 2 cel s
15 are faulty, Pc = f~( 3 ) Here, Pa + Pb+ Pc = ( 1 -f ) ~+2f (1~f
) + f' -31 hdades (ST sy qoanestted denhct f et tptyrinumbeendrcyvii ts of
each chip, a_faultless chip has quite no bit of the state éS). On this
occasi on, thdayeE Al 99D & £onFast Mele e st2Rd ©he Birfhe st~~te

(21 Therof oS untiiGaPFeRRiddve Yagled N d A Tl ERe £ LB RELRLE 25 ¥ = N

- the word line WL made of a second aluminum conductive

i layer AL2, through through-holes TH. The n-type well
10 region 122 extends along the word line. The pair of
complementary data lines DLt, DLb are formed of the
first aluminum conductive layer. The drains DT3 in
the p-type well region 121 are connected to the pair
of complementary data lines DLt, DLb through contact
15 holes CH. The sources ST3 in the p-type well region
121 are connected to the first aluminum conductive
layer ALl through a contact hole CH, and the first
( ) aluminum conductive layer ALl is'further connected to
the source line SL made of the second aluminum
20 conductive layer AL2, through a through-hole TH. The
top surface of the elements 130 thus constructed is
entirely covered with a third aluminum conductive
layer AL3 in order to shield the elements 130 from

light for the purpose of the prevention of soft errors

25 ascribable to ultraviolet rays etc. Incidentally, a
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- B, &P
~N Ck Pa'"
f~)N and hence
probability Y
schene becomes

< 1l
I+

of the N bits makes the chip faulty, and the probability F' of the faulty

31 J1~lI. 2003 anhd the probability F of a faulty chip becones: F =1 -

Y

a'" Pb~""k... ( 5) In accordance with the binon al theorem
PON-'" _ ( Pa + Pb ) N5 - ~(1- f)~+2f (1 _ f)}N Jul 1003
, ,BEE F=1 (1 _f~)N..(6) "', ,' holds. Meanwhile, the
of a faultless 10 chip in the case of the 1-cell/1-bit
Y - (1 fYN...(~) for the reason that even one faulty-bit

chip in the case of the 1-cell/1-bit schene 15 beconmes: FF _ 1 - (1 -
f)N...(g) Accordingly, the inprovenent factor R of the rate of t A) the
chip faults based on the sem conductor integrated circuit device of the

present invegk
val ues obt ai ne

retention fabletweenedhieon -agpaItwgldl they

'g@

e ikagereyc230 iR Formed -thdodgh )tAe - gd€d FkHdeléishows

in such a way that the percentage f of the faulty bits of
£ exd2 ofo i @xrewi oy the rate of the

chip faults as nentioned above was 25 actually neasured for different
t hi cknesses ebntublelgatesSiword tindy APPAAd Itee polyshl beonn Fig. 14 are

results in the case where data was not

layers PSi to serve as the floating gates FGT. A

5 coupling ratio, C2/(Cl + C2) which is determined by

the gate capacitance (Cl) of the MIS transistor 130

and the capacitance (C2) mentioned above is set at,

& for example, 0.8. As understood from Fig. 7, other

memory cells are arranged around the memory cell 131

10 so as to become mirror-symmetric with respect to two-

dot chain lines B, C, D and E. Thus, the memory cells

are constructed. Incidentally, it will be readily

understood by one skilled in the art that p-type

regions 300 each serving to set the potential of the

15 p-type well 121 as shown in Figs. 3 to 5 are disposed

at predetermined intervals under the source lines SL

(AL2) though not illustrated.

M) [Flash Memory]

Fig. 8 illustrates a schematic block diagram of

20 the flash memory 113 which employs the memory cells

131 in the differential connection form.

Incidentally, each of the other flash memories 114 and

115 is constructed similarly to the flash memory 113.

In the memory array of the flash memory 113, the

25 memory cells 131 are arranged in the shape of a
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data was rewitten 10,000 times, and it is seen that the percentage of the
faylts was increased 5 approximately one digit by the rewiting,, Fig [%5
shows results obtained in such a way that the probabilities ,. ? hJEln 803 n
and ;a ;:, , """ |1 ~ were conpared 10 The nunber of of the faulty chips in
the present in the case of the 1-cell/1-bit schene using the above fornmnul ae
(6) and (8). times of rewiting was 10,000, and 16 Mits and 1 Gbit were
assunmed as the total nunbers N of bits. According to the contents of Fig.
15, at the tunnel filmthickness of 8 nm the percentage of the chip faults
becones 100% with the 1-cell/1-bit schene, 15 whereas the percentage of the
chip faults can be | owered down to about 1 ppmfor the 16 Mits and about
100 ppm even for_the Qoit with the 2-cells/1-bit nmenory. ce of the
present inveﬁ??wxﬁs%&esézoﬂcfé)rqst% sfr':’ol%n"tsth“ae I&%?/’éyf%‘?m?a {3;) arfhe
i npr ovenent fect, of I i abil 4 X ding di.gi ttai ned by
enpl oyi ng t hg@or@r]b% %%I‘figleﬁ{.)a C})%Qs{%%ugﬁ?l ?/8 gﬁﬁ gghgﬁé:%%rgﬁgggﬁrb{l

JeoC¥RB b i dange of

manuf act ur ed il e i i EtY LS i
the thi ckness%@éo'f % |n&%%£%§éﬁé¢?%éf h%ﬁ%naggégé% thi ckngss of 8 nm or

bel ow, the raisplemedihBeedata SBines BﬂLéiJh BiB3 to bR&Mmai bakke JfO the

menory cells of the 1-cell/1-bit schenme. This signifies that the gate oxide
filmof the tdemrasyiandiopgradlumnsy tind hehaupplycesl thgeeof 3rd V can be
directly used as the tunnel film Fig. 5 16 shows results obtained in such
a way that theoypleshibid ithessoircdel inel $yicaivpsyi arabéngr esdmt i nvention
and in the case of the 1-cell/1-bit schene were conpared as_to flash

menori es of @&Lagk-enpl FPvhgaaedar iy fams &leserd betn@beekechioseen from
Fig. 10 16, ev,enagj‘t‘er data was rewitten 10,088 times, the percentage of
the chip faultkgnal oM arRLRangR Yirthe? BV RALFEAT AFERALS '8 nm and

s oo ol e d Rl L0AN ] Vel 1975 Gulvdd ks A4 (LRI JRIBRYEC! S

) t ho

10 selected by the word line selection signal. The drive
voltage of the word line is given to the word driver
141 by a word line drive voltage switching circuit 142
in accordance with the erase, write or readout
operation for the nonvolatile memory elements 130.

15 Inc.uentally, a latch circuit for holding the row
address signal RADD may well be disposed at the input

: portion of the row decoder 140. .
N) The pairs of complementary'data lines DLtl, DLbl

to DLtm, DLbm are respectively coupled to the

20 differential input/output terminals of sense
amplifiers (SA) 143 through equalize MIS transistors
M1l and precharge MIS transistors M2, M3. Symbol Vpc
denotes a precharge voltage, and symbol ¢pc a

precharge/equalize control signal. A precharge

25 voltage switching circuit 149 switches and delivers
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"157Figs. 17 thru 20 illustrate the sectional structures of the nonvolatile
menory el ement 130 of the flash nenory and the M S transi stor Ntcﬂioh%t@ﬁi
logic circuit in Fig. 1, as to the nain steps of a manufacturing otk sdl

I ncidental ly, nunerical values 20 to be nentioned in the ensuing
déscription are nere exanples, and they are alterable. First, referring to
Fig. 17, a p-type well region 121 is fornmed in a p-type silicon substrate
120 having a resistivity of 10S2 cm in such a way that, 25 after a groove
type el enent isolation region 123 being - 54 31 JUL 20D3 0.3 um deep has
been fornmed, ion inplantations are carried out to inplant B'' ions at an
accel eration energy of 350 keV by a dose of 1 x A z/cne, B+ ions at an
accel eration energy of 150 keV by a dose of 2 x 5 101~/cn¥, and HF~+ ions
at an accel ertteé @resharge ofolsrdes/ Wc alvozecafrdange | Yikthchilie Li kewi se, an -
n-type well region 122 is formed in such a way that ion inplantations are
carried aut t&asfyl it gnsheadent eperatiAnsnf@hcEl9 of 500 keV by a
dose of 1 x 10 1A.z/cm-, P+ ions at an accel eration energy of 200 keV by a

dose of 2 x I"OWCdRELLg,Memery hRMeRts nl 3¢ cel&aORGT Bt G ySWPPLY keV by
d f 3 12/ A hi gh-wi thst.angd: vol t t ide f.ilm,200 havi
S Uhicknese SPLFR BF s ict RRbrs ivey B 28 ikt Retoafine 105,
121 by t i dat i t T, , i st
(i1 o1 haviies DA sihst APBRA SN fotkdoe HelfoALAE 2 100 there

the M S trangiglcefitf Quat he lRPdrdddelidits die Rer{se egrits hagmed by
related art |ithography, 20 and the hi gh-w thstand-voltage gate oxide film

200 in the regadoutheperatddd mddeansist athd AonvEldoUiée meméyt is to be

foqned is renoved by wet etching as illustrated in the ffigure.
Subsgguent | y elementssilS® .f | Forgbéri, s thempadasby £2toapliengntandy t he
resul®ing structure is washed. - 55 3] ~UL 208 Thereafter, as shown in

Fig. 18, a | éabai disesndLEdlt Bgdlgdie hdinie Bhhmm RO qaameckedi 4 a
thicknei% of 4 nmis grown oxi dation at a t ure of 850 C

by ther nal er at
i+ ESTB, DL comn Raoa” PR Sl GRSty Bsgh (AR | DRAREy ot i 2o

to forma hi@%%wﬁhaﬁt%ﬂgough column selection MIS transistors M4,
M5. A column decoder 145 decodes a column address
signal CADD, and controls one pair of column selection
MIS transistors M4, M5 into their ON states.
15 Incidentally, a latch circuit for holding the column
address signal CADD may well be disposed at the input
\ portion of the column decoder 145. The pair of
\_) complementary common data lines éDt, Chb are coupled
to the data input/output terminals of a main amplifier
20 146. The main amplifier 146 delivers the differential
signal of the pair of complementary common data lines
CDt, CDb to outside the flash memory in single-end
fashion, and complementarily drives the pair of

complementary common data lines CDt, CDb in accordance

25 with the logical value of a write signal received from
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voltage gate oxide film 200 ((03) increased to a thickness of 8 nm The
t hi ckened hi gh-wi thstand voltage gate oxide film 200 becones the gate oxide
film Go3 of the nonvolatile nenory elenment. 10 Thereafter, polysﬂgigpgmgs
deposited by CVD (Chem cal Vapor Deposition) at a tenperature of é . and
a polysilicon filmhaving a thickness of 200 nm which is inplanted with P+
ions at an acceleration energy of 20 keV by a dose of 4 x 1015/cn2, is
formed by ion 15 inplantation. Besides, a gate el ectrode 202 (GIl1) worked
by related art lithography is formed. Thereafter, source and drain regions
203 are formed in (W) such a way that As+ ions at an accel erati on energy
of 30 keV are inplanted by a dose of 3 x 1015/cn®2, by ion 20 inplantation
whose mask is a resist filmbeing 1 Nmthick and being open in the regions
of the n-cha@idilde ghevfd ashmereny - ( MiGh)samgy M t$hhsi stors for the
logic circuit and the MS transistor (MFSn) constituting the flash nmenory
cel | . The reyiidehennandfeqds mayre’ 1heesvotteges cgPEReSBPRAigD, ST3 and

the - 56 ~ ~ ~~~ 2aa3 draj.n Qggkons DT1, D12, DI3. Further, Fig. Z9
i |l ustrates @ &P ERARGe 1G] | B5RURUE | PRESBELARS| A8Ta R ckness of 1

Nmis f db iti | ysili b f CVO 5 (Chenjcal Vi
Doposi 11 o) e i MR ELatE Rt 0T ark ST e HERBSE o
pos: 1! - SERUIA e
PPrse o g Sdls O SIS XodrORS! 68 chY! $EA5M0benply CTE
contact hol ey dN@neTIRINSIdE BiseLicide ¢Onihdsn 20Q. tHepositing an

alumnumfilmat a this kness of 500 nm by neans of “sputtering and worki ng
t he deposi t edlalctiion Bondraley ofeltiedrespedt iVoospehytihgstly, as shown in
Fig. 20, a first interlayer insulating film207 is farmed, a first contact
hol'e..i s 15 wolkedgesa fogcdhe snaseuwripeuand veeddyet GP8raAlidnsi s forned,
a setond interlayer insulati-ng film209 is forned, and a third al um num
conductive lfydhexponyolatilsg memoryywrkewentreriher in pagerdanicen filmis

deposi ted and wor ked thou not own, thereb 0
P 18 d%th the plura Qty ofﬂknstruct{onysignals CONT of

access operations from outside‘the flash memory. The
voltages which are applied to the nonvolatile memory
elements 130 in the erase, write and readout
operations are controlled as described with reference
15 to Figs. 3 to 5. Incidentally, the operations
specified by the instruction signals CONT may well
include a write verify operation and an erase verify
. operation. '
An example of the sense amplifier is shown in
20 Fig. 9. The sense amplifier 143 has a pair of
complementary MIS inverter circuits each of which
includes a series circuit consisting of a p-channel
type MIS transistor M10 and an n-channel type MIS

transistor M11l, and it is constructed as a

25 differential amplifier circuit in which the input of
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20 conplete the manufacture of the system LSl of this enbodi nent in which
the flash nenory is nerged. As apparent also fromthe schematic
mahuf act uri ng process expl ai ned above, the gate oxide film 200 ﬂhﬂﬂkdmnthan
the gate oxide film 204 of the 25 logic circuit 109 is grown, and the
nonvol atil e nmenory _ 57 3l JUL 2003 elenent 130 can he easily forned by
the single-layer polysilicon process. Now, a manufacturing nethod in the
case where a system LSl, in which the nonvolatile nmenory el enents 5
connected in the differential formare included as a flash nenory cell, is
manuf actured using a CMOS process, wll be described with reference to
Figs. 21 to 32. In each of the figures, "I/ONMS" signifies a f'iyw:a
dormain for forming a M5 transistor of n-channel type 10 which constitutes
t he ext er nal ongpat/ shepgonpilegentary3 MIS /ioRMern addomaiits oisfornming a~M S
transistor of p-channel type which constitutes the external input/output
circuit 103, coupbed Nm Sheg oy§paitn ofot o alhey £assSWisghsi e of

n- channel tyge whi ch 15 constitutes the |l ogic circuit 109, and "LOAd C PM S"
a domain for PBPHFanaaNPSPPAXné’Pittéﬂedf"r g’c@%ﬁ@igl‘t Visd 5@%h constitutes

t he | ogi i it.109. Besi in_| f the fi " Y CELL
DOVAI N 51 gni FFESVRBRoRRER PoRSt SAFEHG ta 1ALS 4 SROMSES R R Bns | {ut es
20 th ' S 2 T ] d ' h
capaci t ahce TaEREENDEnSAeoHERor rabidsaate R RISk dh S aiR el
capaci tance g{getfpgetiran8Tstbedmi20Manld Yy %toiu?’&esl B A d | al t hough

the difference of the two sorts of thicknesses of the gate 25 oxide filns

i's not di scetpahbestBreamhiohrbhechneites to ¥he grdund hbhtZf8 it is set
as described with reference to Figs. Z7 to 20. Further, in the ensuing

descgrption @RDt fre eM)f abronghganenhhotiannefletypee MISTErans iastsigned to
wel I'%#r'egi ons, sem conductor regions, etc. will be made 5 different from
those in t heMidr efinrcuraly iRitroe orrihéngakégbf vebhageai ence.

10 (Vece/Vpp) switching circuit 150 delivers a supply .
voltage Vcc = 1.8 V in the readout mode, and a writing
high voltage~Vpp = 5.5 V in the write operation. The
MIS transistors M12, M13 function as power switches
for the sense amplifier 143, and a sense amplifier

15 activation control signal ¢sa is fed to the gate of
the MIS transistor M13, while a signal obtained by
t inverting the sense amplifier acFivation.control
t_) signal ¢sa by means of an inverter 151 is fed to the
MIS transistor M13. The sense amplifier activation
20 control signal ¢ésa is brought to its high level at a
timing at which the sense amplifier is to be operated.
By the way, in the erase operation, the sense
amplifier 143 maintains its inactive state, and the

pair of complementary data lines are held at the

25 ground voltage (= 0 V) through the precharge MIS
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First, as shown in Fig. 21, by way of exanple, a seniconductor substrate
(at this stage,...a Q:;,.. sem conductor water) 3 which is of p-type and
whose. 10 specific resistance is about 10S2 cmis wet-oxidized at about 800
Cso as to forma thin silicon oxide film 10 being about 10 nm t hiddkdUht206} s
surface, and a silicon nitride film 211l having a thickness of about 200 nm
is thereafter deposited on the silicon oxide 15 film 10 by CVD (Chem cal
Vapor Deposition). The silicon oxide film10 is formed in order to rel ax
stresses which act on the sem conductor substrate 3 in cases where a
silicon, oxide f ilmburied in an elenent isolation groove is sintered at a
| ater step, and so 20 forth. The silicon nitride film 11 has the property
of being difficult of oxidatign, and is therefore utilized as a nmask for _
preventing t k&2BRAFEOTEN Mo MFe substrate surface parts of portions (active

regi ons) which underlie this fil 1. 25 Subsequently,. the silicon nitride
film11, _ 59 d %[\;0\19- R85 8%} gievf'i E’mvlémélncf se ft®rtRebstrate 3

3! 1U~. 2D03. dry-etched usi hot ist fil k, whereb
sol at o or B0 S 1HEERS SESAESI0Y (0 A0 HARED T (T T the
' duct R I a TN toi . f d i

Such & way {KLE PROVBLALe MEAoRD Bt 0 o PP u

phot oressst HiekBraped WREH rFdlrehlbe tdPhalgy esi sind id M, subsequently
renoved, and that the silicon oxide film YO and the sem conductor substrate

3 are dry- et aiedcuiyndnpheted: tebmedudsliideorthd tFflidkh fidmBrdd, asra nask.
"After such processing, in order to~elimnate damage | ayers produced on the
i nner wal | s theyhmayswedli be genevratéd by tstepghionge vyt dienguphkey 15

resul ting sem conductor substrate 3 is dry-oxidized at about 1a00 C so as
to forma thVAlSagRCcBA dxBd¥ PK| FhBeeK§eaBadt sIPRIY vMeldlagsh ahed i dner

wal I'§.-0f the isolﬁbion groove 4a., Subseguently, as shown in Fig. 22, a
silicon oxi d¥ PYI FP®3uRGvPAgtRS: APERFBEL Heoster circuit. The

10 word line selection level of 3 V necessary for the
readout operation for the nonvolatile memory elements
130 as described with reference to Fig. 5 may be
generated either by stepping up the internal supply
voltage of 1.8 V by the use of the internal booster
15 circuit, or by stepping down the external supply
voltage of 3.3 V by the use of an internal steﬁ-down
( circuit.
') The stored information of the memory cell 131 is
determined by those logical states of the two
20 nonvolatile memory elements 130 -which are different
from each other. By way of example, the logical value
“1" of the stored information of the memory cell 131
is obtained by the write state of the left memory cell
130(L) in which the threshold voltage is high, and the

25 erase state of the right memory cell 130(R) in which
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20 about 4D0 nmis deposited on the resulting sem conductor substrate 3,
foll owed by the wet oxidation of the sem conductor substrate 3, thgrqpﬁﬂmg
carry out sintering for inproving the quality of the silicon oxide ﬂi
buried in the isolation groove 25 4a. Hy way of exanple, the silicon oxide
film1l3is _ 60 _ 31 ~UL 2003 deposited by plasma CVD in which ozone (Q)
and tetraethoxysilane (TEQS) are enployed as a source gas. Subsequently, a
silicon nitride filmhaving a thickness of about 200 nmis deposited on the
silicon 5 oxide film13 by CVD and is thereafter dry-etched using a
photoresist filmas a nmask, whereby the silicon nitride film14 is |left at
only the upper ( parts of those isolation grooves 4a of relatively ,;~; ~:
large area which lie at, for exanple, the boundary 10 parts between a
menory cell array and a peripheral circuit. The silicon nitride film 14
remai ning at the upper parts o~f the isolation grooves 4a is forned for
preventing a phenonenon (dishing) in which the silicon oxide film13 in the
i sol ati on grooves 4a of 15 relatively large area is polished deeply as
conpared with the silicon oxide film13 in isolation grooves 4a of
relatively small area, when the silicon oxide film13 is polished and
flattened by chem cal nechanical polishing (CW) at the next step. 20
Subsequently, the photoresist filmfor patterning the silicon nitride film
14 is renoved, and the silicon oxide film1l3 is thereafter polished and
left in the isolation grooves 4a by CMP enploying the silicon nitride filns
11, 14 as a stopper, thereby to 25 formisolation portions 4. The isol ation
por}ions 4 - 61



4~ 31 Jtirl z003 correspond to the el ement isolation region 123 shown in Fig.
1. Thereafter, the silicon nitride filnms 11, 14 are renoved, and the
resulting sem conductor substrate 3 5 is subjected to a preoxidatﬂdeL2%3
treatment so as to forma gate insulating film being about 10 nmthick on
tthe sem conductor substrate 3. Thereafter, as shown in Fig. 23, a

phot oresi st pattern 12C whi ch denudes a =a~~~a. ~'2''~ -region to-be-buried
and covers any other region is 10 formed on the principal surface of the
resul ting sem conductor substrate 3, whereupon phosphorus; for exanple, is
ion-inplanted into the sem conductor substrate 3 by enploying the

phot oresi st pattern 12C as a mask, in order to forma buried region 15 of n
15 type in the sem conductor substrate 3. Incidentally, at this stage, the
n-type buri edheeghoasidldsvadtafjer isdlpet. b¥hanseha meabryr ealltent for the
activation of the inpurity, etc. has not been carried out for the .,

seni conduct ot3tubst suck 3, sbhatei iisi sedkrowmed nint Khe2@dadpmte in order to
facilitate the understanding of the description. Subsequently, the
phot or esi st pRer@ERON2CLhe géﬁﬁbemﬁmaﬁa anpHddor &silst Spar@mRt®dch denudes

n well regions in all the reﬁions and covers any other 25 region is
thereafter foPFe®*8RPife BPRhcFP&I dabpr 4dBe. DEF1 keepsjhe (-3

5 precharge level to hold a high level, while the data
line DLbl is discharged to become a low level, that
the resulting difference voltage is sensed and

. amplified by the sense amplifier 143, and that the
IIIII data of the logical value *1” is delivered outside
10 through the main amplifier 146.

On the other hand, the logical value *“0” of the-
stored information of the memory cell 131 is obtained
by the erase state of the left memory cell 130(L) in
which the threshold voltage is low, and the write

15 state of the right memory cell 130(R) in which the

threshold voltage is high. When the memory cell 131

\ in such a state is selected in the readout operation,
w) the flash memory in Fig. 8 is so‘operated, for
example, that the data line DLbl keeps the precharge
20 level to hold the high level, while the data line DLtl
is discharged to become the low level, that the
resulting difference voltage is sensed and amplified
by the sense amplifier 143, and that the data of the

logical value “0” is delivered outside through the

25 main amplifier 146.
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of the resulting sem conductor substrate 3. Next, phosphorus, for exanple,
is ion-inplanted into the sem conductor substrate 3 by enpl oying the

phbt oresi st pattern as a mask. Here, there are respectively and 53 JULZ@3
separately perfornmed at least two inpurity introducing steps; the étep 0

i ntroducing the inpurity for formng the n-wells (n-type well regions)
16NW and ( the step of introducing the inpurity for setting the .,'~~ .,
threshold voltage of a MS transistor which is to be 10 forned in the
n-well 16NWoutside the nenory cell domain. Thereafter, the photoresist
pattern is renmoved. Subsequently, as shown in Fig. 24, a photoresist
pattern 12D whi ch denudes p-well regions and covers 15 any other region is
thereafter formed on the principal surface of the resulting sem conductor
substrate 3. Next,Ihotaseosfbwr8idgf lcher ddea b@r thsanplyd.cadls v&lue

i npl anted into the sem conductor~substrate 3 by _.J enploying the
phot or esi st patt énholPPeamemonpskel20 184dr,e thehavavale tridspendmoeyy and
separately performed at least two inpurity introducing steps; the step of

i ntroduci ng ehemenpar 189(Lor 130¥RNg atriee browghits ippot yhe watdse egi ons)

| 6Pw, and the step of introducing the inpurity for setting the Vth of a MS
transi stor 25taRe8h Wbetgubénf@ﬁgﬁdthﬁ tied tp nparelagRheomesiaky t he - 63

31 ~UL 1003 nory cell domain. Thereafter, the photqresist pattern 12D is
removed.? Af t & e@ﬁ%ﬁ 3306k) 35 oPTBPERREEI G S fhe VR teSHAIPY

activation o erarFrptertial FHESRAERE RN aCFRETe BN ERRAGATING Subst Tal 0.
amplifier 143 for the pair of complementary data
lines, in accordance with the complementary signals of
the pair of complementary common data lines CDt, CDb
10 driven to the complementary levels by the write data
of the logical value “1” inputted to the main
amplifier 146. In case of writing the data of the
logical value “0” into the memory cell 131, only the
right nonvolatile memory element 130(R) is programmed
15 into the write state conversely to the above, after

the nonvolatile memory elements 130(L), 130(R) are

{ \ brought into the erase states. ’
J {Initial Threshold Voltage and Word Line Selection
Voltage]
20 Fig. 10 illustrates the relationship between the

initial threshold voltage Vthi of the nonvolatile
memory elements 130 and a selection voltage Vread for
the word line. The initial threshold voltage vVthi of
the nonvolatile memory elements 130 is determined

25 considering the operating point of the sense amplifier
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3,etc. are effected to formthe n-wells 16NW p-wells ( 16PWand n-type
buried region 15 in the sem conductor ;,, . substrate 3. The n-wells 16NW
corresponds to the n 10 type well region 122 shown in Fig. 1, while the p=
wells 16PWcorrespond-to the p-type well regions 121 shown in Fi g ji. 2#ter
such processing, the manufacturing nethod shifts to the step of formng a
gate insulating film15 as stated bel ow by way of exanple. First, an
oxidizing treatment for formng a gate insulating filmfor

hi gh-w t hst and- vol t age transi stors which axe to be forned on the

sem conductor substrate 3 is carried out, whereby the gate insulating film
which has a 20 first thickness being relatively |arge and being, for

exanpl e, aboqugfﬂﬂ%ip éc%gfg‘ffnég ?g%%9§%$c o§ggégcgrggdgheM§§giconductor

substrate 3. otoresis COVErs regions rr form ng

the high wit@?éaldfifé%mg,e_ﬁmég%fn%@gf%gn%ﬁgaggggféga Qhleh 43 region is

formed on the"gate insulating fi 003 wher eupon the

parts of the ddficledai® tHeWekd Nidé | Wi deprderebyuip8sBheiro@d st pattern
are renoved, and further, the photoresist pattern is renoved. Thereafter,

t he manuf act uimfegmeei fod teaddut t £fb othidendbnsbeat ol ef meibng a gate
insulating filmfor MS transistors other than the hi gh-w thstand-voltage
transi st &rs. dleSighssnueil lgnd afteriidtiabhgthrebbbbdesodtafe’ vatit erfn whi ch
covers regions for formng the MS 10 transistors requiring the suppression
of the | eakagdecimansimlatile mremary phkements r £39 t adenaithssaatild Uyogi ¢
circuit domai n and which denudes any other region, the parts of the gate

i nsul ati ng fi9defttdEDEITR PHRDor e BYs WAyt fergrafRl ¢ enth®d, and

Y e o A L I e S e B B
' ‘ a voltage (for example, a voltage of 50 mV) being
10 smaller than the voltage width AvVth of an input
voltage range within which the sense amplifier 143 is
caused to execute a transient response operation (that
is, the so-called “high sensitivity range” of the
sense amplifier 143). Fig. 11 illustrates an example
15 of the input/output characteristics of the sense
amplifier 143. The region of the voltage width Avth
is a range within which both of the MIS transistors
Hfﬁ) M10 and M1l constituting the sense amplifier 143
operate in their saturation regions. In addition to
20 the fulfillment of the above condition, especially the
example of Fig. 10 sets the initial threshold voltage
Vthi at a voltage near the average value of the low
threshold voltage VthL and the high threshold voltage

VthH. In the description of Figs. 3 and 4, the high

25 threshold voltage VthH in the write state is 4 Vv, and
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forming the gate insulating filmfor the MS transistors requiring a

hi gh- speed operation, whereby 20 the gate insulating filmwhich has a
setond thickness being relatively small and being, for exanple, Oﬂﬁ ﬁnpn1
is formed on the principal surface of the sem conductor substrate 32
Subsequently, as shown in Fig. 25, a conductor 25 film 18 for form ng gate
el ectrodes is forned on the - 65 31 JI~I ~Q-3 resulting sem conductor
substrate 3 by CVD or the like so as to cover the gate oxide film 17 fornmed
as expl ai ned above and the upper surfaces of the isolation portions ~4. The
conductor film218 is made 5 of, for exanple, a sinple substance filmof |ow
resi stance polysilicon, a stacked filmin which a tungsten silicide filmis
deposited on | owresistance polysilicon, or a stacked filmin which a netal
film:, , . ~th%f1Q%h§§¥@ﬁh6EdtH@lFﬁﬂé V&heposithed eaase |sdeti® kes?stance
pol ysi licon thro%gg a barrier petal filmof tungsten nitride, titanium

nitride or the % thif QHARARDr $he rdnbtial BRpeRAgLdoveREasS ysilicon

| PSi sh in Fig.. 7. lnci tall he b i tal filmf ti

75 i oh- ¢ onihrad S vePELd rihc s aleeh Mnn FoikEhel By g LI i event <
the t t ] Ll fl f ti f ilicid
ayer of i ot e opafaPPochlogly sk IR GRG BRI ety @ o1 1 el e

Subsequery |y, as exqihl idh£Ryé héldingOstare) PRA!ALEH! ShrBALA 12E which

denudes regions for formng S transistors of n-channel type, except

the menory ceddllf@ivehnet WheéhnéaveLstany fAkbheky’ edepenits 1@ med on the
conductor film 18, whereupon an n-type inpurity, for exanple, phosphorus is

ion 25 inpl angeatiuaitly tdyproaches othéi initBabytarpkapilagvoheageHo

( ﬁ§= vthi in a thermal equilibrium state, on account of

A
&

e

charge leakage ascribable to the electric field of the
10 element itself as is applied to the tunnel film. On
the other hand, the low threshold voltage vthL of the
nonvolatile memory element 130 gradually approaches
the initial threshold voltage Vvthi in the thermal
equilibrium state, on account of an electric field in
15 a charge gain direction attributed to the word line
selection voltage Vread in the readout mode. As
( described above, the initial threshold voltage Vthi
%) ‘and the readout word line selecgion voltage Vread are
set to be substantially equal within the range of the
20 voltage width Avth within which the sensitivity of the
sense amplifier 143 is high. Thus, even if one
nonvolatile memory element 130(L) or 130(R) of the
memory cell 131 has turned faulty due to the gradual

fall of the threshold voltage of the nonvolatile

25 memory element 130 having the high threshold voltage
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3 v u~. zao3 photoresist pattern 12E as a mask. Thereafter, the photoresist
pattern 12E is renoved. Thus, the n-type inpurity is introduced into the
gate el ectrode form ng regions of the n-channel type MS transistors which
5 are to be fornmed in the regions except the nenory cell domai n. 3 AfiLe003
rénovi ng the photoresist pattern 12E, a photoresist pattern 12EE which
denudes regions for ;r3:"~ Fyl ~7 ,N " formng the MS transistors of

p- channel type, 10 together with the nmenory cell donain, and which covers
any~other region is formed on the conductor film 18 as exenplified in Fig.
26 at this time, whereupon a p type inpurity, for exanple, boron (H) is
ion-inplanted into the conductor film 18 by enploying the 15 phot oresi st
pattern 12EE a . fit ers, ) i p 12EE is
removed. Thu¥?ﬁﬁh8g§§bfbgnﬁﬁ§ﬁPi??jfiQﬁ%ﬂ?ﬁ%ﬁ%ﬁéggﬁg%dtﬁ%igé 2 é ectrode

form ng regi - r ' apd..t he n-channe
type MS traggi@s?%Pb%?a?ﬁgr@m%%g%%%%%oﬁ%&ég‘l'lzet I's step, the

floating gat@nhEEEhefat R 1O ALl & tHRD iy & ISRt vd BPag@ o £0RRAI N the
p-type inpurity, whereby thé threshold voltage Vth of the nonvolatile

menory el emefhuilsyr e@folry Qlem@int Nes oirddl e tIB @yl Os vierdbagiet behwveen t he
hi gh threshold 25 state and the |l ow threshold state. In a case where - 67
31 ~Ul. 2403at ktatei whdlcht hirse studlst ardd iteelgley i esquaoht tol tleel Wwgrdniinduci ng a
p-type inpuritﬁﬁinpo the channel region of the pertinent MS transistor
MFSn, a phot 8ekaskira yediagsd Vegast-at &he faghtayn@onyioledritkel ling the 5
t hreshol d vol tage of _any ot her n-channel Hype M S transistor. Thereafter,
t he photoresW§F°5§tFéﬁﬂeffEE3p§L) or 130(R) is therefore in the:

{ égb transient state or intermediate state between its ON

5gl .

state and its OFF state, whereby its siénal state
10 transmitted to the sense amplifier 143 through the
data line brings this sense amplifier 143 into the -
input state of the transient response operation.
Accordingly, if the state of the other nonvolatile
memory element 130 of the memory cell 131 is normal,
15 there is the very high possibility that the stored
information of the correct logical value of the memory
cell 131 before the deterioration will be reproducible
\w) by the differential amplificatioh action of the sense
amplifier. Thus, the long-term data retention
20 capability of the memory cell 131 is enhanced, and
lowering in the rate of readout faults can be
realized.
Especially in case of previously setting the

initial threshold voltage Vthi at the voltage near the

25 average value between the relatively low threshold
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( renoved, whereupon an insulating filmfor capping as .,s . is nmade of
silicon oxide or silicon nitride by way of 10 exanple is deposited on the
conductor filTn 18 by CVD or the |like. Subsequently, the insul at 'piqu_ FITIAL
for'capping is patterned by dry etching or the like with a phototesrist
pattern used as a mask, followed by the 15 renoval of the photoresist
pattern, and the conductor film18 is patterned with the patterned capping
insulating filmused as a mask, followed by the renoval of the capping
insulating film19, whereby the gate el ectrodes 6g are formed as shown in
Fig. 27. 20 Subsequently, as shown in Fig. 28, boron (B), for exanple, is
ion-inplanted into the n-wells 16NW by enpl oying a photoresist pattern 12F

k, th by tq,f ' duct.o [ 7 f p-- inth
parts of eaciOhFPe RGerrs REGWARAH 1957 dh b toesBaid (TALEge |t ne

di te.el egt .04.. + 6 J 0 | |ly; at th
g?;grg:,sp'?ﬂel B%??}‘ps: lge%gcg’%ggc or rté)gi ou#ss%n%lr%llﬁgtéql%)ér]%%g% ebgcaﬁse aI >

heat treat meghcholidg! p¥8ba®l15hs JPSEAl PERLLAIRRD Qytypbut they are

shown in the figure i order to facilitate the 5 understandi ng of the

descri ption. ghggtalaiEhel benewendilghe tHHEH StoPeddLr e Fo £ PRREPhOr US

(P), for exanple, is ion-inplanted ( _ i.nto the p-wells 16PW by enpl oyi ng

as a nmasg a nonvolphdler pemsiryp@lieaientf WICGmMhavharstagtr Sh@wn, thereby 10

to form sem conductor regions 5a of n'-type in those parts of each of the

p-wel | s 16PWpwbbebilityonfbdgh litse asicdddbadfle He dure eppadica hor jsee

el ectrode 6g. Incidentally, at this stage, the n'-type sem conductor

regi ons 5a aP& hbe fewnbBreshoBdc yiodd agenhdithli fatthsntnasvdlatblei vati on

etc. has not_been carried 0338 but they are_shown in the figure in order to
f-

facijjtate tREMQRIcPSERRREN t AFRUBesEPRPLPBA-tBER F&&entiodhite of this

& X S . .
Proceeren, HUBabTRYEL VE kg Henbhy BST o b WP efla L1e - charne
P-type.10  information can be enhanced to the utmost.
The initial threshold voltage Vthi can ‘be
controlled by, for example, the ion implantation of a
p-type impurity into the floating gate FGT because the
nonvolatile memory element 130 is of the n-channel
15 type. As explained before, the nonvolatile memory
element 136 which can be produced by the single-layer
polysilicon gate process has the MIS transistor, and
m) the control gate disposed so as éo interpose the
insulating film between it and the floating gate of
20 the MIS transistor. For the purpose of coqtrolling
the threshold voltages, a p-type impurity similar to
that of the p-type well region 121 is introduced into
the floating gate FGT of the nonvolatile memory

element 130 which can be produced by the single-layer

25 polysilicon gate process, whereby the initial
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Subsequently, the photoresist pattern 12F is renoved, followed by the heat
treatnent for the activation of the inpurities introduced into the

sem conduct or substrate 3, etc. Thereafter, as shown 25 in Fig. 29, ?
silicon nitride filmbeing about 50 nm- 69 31 JUL 2003 thi ck 3siUl 2003
deposited on the resulting sem conductor substrate 3 by CvD and is etched
ani sotropically, thereby to formsidewall spacers 19 on the sidewalls of

" each of the gate electrodes 6g. In order to 5 mnimze the amounts of
scrapings of the gate insulating filmL7 and the silicon oxide film buried
in the isolation portions 4, this etching is carried ! out using an etching
gas with which the etching rate of the silicon nitride filmis large

relative to those 1Q of the silicon oxide fjlng, Also in a.case where an
i nsul at i ng fiﬁhrﬁ%ﬁé’rf’qé’aﬁﬁ%g‘g&s 4% Thel AVl at TR EROEY| BRERERR i s f or med

th t | t.r od Aq, the' t of t chi .shall b fi dt
the roquir ed LitnifuheRaydSiet Gl iidn G t3Ee Atk bF 15 sorapings of the

required Tt UM OF i . ngs
Colanted s negrrR inanas HREHER L n e St R o SFufR8ERIE: 1 e o
mask, therebyot@ab@ Bnd thes Qe ¥R J %igé‘és%ép fydi-iyRaadRrat he

n-channel 2o type M S transistors. Besides, | Ite of thi's processing,

the inpusitycalskecady intiroddiedad ithd Ngnpuiat®, pfa tdod-ghRewast txpe M S
transistor in the menory cell domain shall still maintain the p-type.
| nci dent al | ypeatippliiiedstagehe manwfdotneres et caneluei Hrtransistor
MFSn constituting the nonvolatile memory element 130.
i In an alternative case where the'threshold voltages
are adjusted by introducing an n-type impurity into
10 the channel of the MIS transistor MFSn, a photo-mask
for the channel implantation is added to the CMOS
process in the manufacture of the MIS transistors
MFSn.
Here, that lowering of the rate of readout
15 faults which is attained by the memory cell structure
of the differential connection form as in the memory
( cell 131 will be described as to probabilities. As
| m) explained before, the setting of'Vthi = Vread
substantially equalizes the probabilities at which the
20 faults of the nonvolatile memory elements of the high
threshold voltage VthH occur due to the threshold
voltage fall and at which the faults of the
nonvolatile memory elements of the low threshold

voltage VthL occur due to the threshold voltage rise.

25 As a premise therefor, there will be derived the rate
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25 regions 5b are not forned yet because a heat treatnent _ 70 _ 31 JUL
2D03 for activation etc. has not been carried out, but they are shown in
the figure in order to facilitate the understandi ng of the descrigtiozm3
Next, after renoving the photoresist pattern, 5 boron (H), for e AW+ Al IS
ion-inplanted into the n wells 16NW by enpl oying as a mask a phot oresi st
pattern 12G formed anew, thereby to form sem conductor regions 7b of
p+-type for 'the p-channel MS transistors. Incidentally, at this stage,
the p+-type 10 sem conductor regions 7b are not fornmed yet because a heat
treatnment for activation etc. has not been carried out, but they are shown
inthe figure in order to facilitate the understandi ng of the description.
Thereafter, the photoresist pattern 12Gis 15 renoved, followed by

subj ecting t@aé readeetnfavbis cobndubeocasebotfr ahe henonyhedidatinr eat ment
for the activation of the inpurities, whereby the MSFETs @, Q. of the

p- channel typaeaducehbs (4 SrErsiopm &8 whiche Inbdkardselcoanfigured fofned. 20
subsequently, a conductor_filmof, for exanple, titaniumnitride (Ti N or
cobalt (Co) F¥OqROBEPIALLLR REBOFEsBLEMAGtSen BYnUart 6f S¥BBPA&e 3 by

SPULL TN Of LiFod Kok OLLONES, BB BSSL AT S3L UL, Wctoby ap shoun 1
the CO”Q¥CtQ§e££§nlﬁnghéh§aée7&f a memory cell of l-cell/l-bit
configuration in which 1 bit is configured of one
nonvolatile memory element, the following holds:
( E State (1): Probability Pa at which bofh the 2 cells

are faultless,

10 Pa = (1 - £)*--(1)
State (2): Probability Pb at which either of the
cells is faulty,
Pb = (1 - £) £+ £ (1 - £) = 2f (1 = £)(2)
State (3): Probability Pc at which both the 2 cells

15 are faulty,
Pc = f’--(3)
Here,

(‘J pa+Pb+Pc=(1—f)z+2f(1-'f)+f"=1

holds. Letting letter N denote the total number of

20 bits of each chip, a faultless chip has guite no bit
of the state (3). On this occasion, the N bits ought
to lie in either the state (1) or the state (2).
Therefore, the probability ¥ of the faultless chip

becomes:

25 Y = %, C, Pa® pPb"™--(4)
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31 JUG 2003 sem conductor substrate 3 as well as the gate el ectrodes 6g.
Next, the conductor filmnot silicified is etched and renoved, whereupo

al heat treatnent is carried out again. 5 Subsequently, an insulathdUEiﬁh%
21a made of, for exanple, a silicon nitride filmis deposited on the
résulting sem conductor substrate 3 by CvD or the ( like, an insulating
film21lb made of, for exanple, PSG (Phopho Silicate G ass) is thereafter
deposited on the w..~ 10 insulating film2la by CVD or the like, and an
insulating film21lc made of, for exanple, silicon oxide is further
deposited on the insulating film 21b. Next, the upper surface of the
insulating film2lc is flattened by CwP, whereupon contact holes 8 are 15
provided in parts_ of the insulating filns 21la to 21c. Thereafter, titanium
titani um nit @Rge then@robageddty oot el tyareh 4R Je8FeBES bn the resul ting
sem conductor_ substrate 3 in _sucbession frombelow and .~.J are etched back
by CWP, wher &by & cofdTctior &ml fx 22 #620'bA) ed and formed in the contact
hol es 8. Subseq v, titanium,..al und num or .an al um num all oy, titanium
and titaniun? ???%g?apéﬁ g%% Iﬁgézﬁﬁ??ﬂﬁéiﬂéhﬁPfﬁpthe resul ting

sem conduct of, substkatex3,] fkSuc siog, f¥om bel ow and are patterned by a
25 photolithggfégﬁﬂ%‘%gkhﬁ#que a d§a¥d?95etching - 72 31 JUL 2003

techni qus, therghy_tg)forma (1rstf§kuninUn1conductive | ayer (ALI) 9L as
shown in Fig. él. Next, as shown in Fig. 32, a second al um num conducti ve

| ayer (AL2) 231 - £H)¥

and hence,

o

‘h",'r’ F=1 - (1 _ fz)“-..(s)

S

holds. Meanwhile, the probability Y’ of a faultless
10 chip in the case of the l-cell/l-bit scheme becomes:
Y = (1 - £)%(7)
for the reason that even one faulty bit of the N bits
makes the chip faulty, and the probability F’ of the
faulty chip in the case of the l-cell/l-bit scheme
15 becomes:
F' =1 - (1 - £)%-+(8)
Accordingly, the improvement factor R of the rate of
W) the chip faults based on the seﬁiconductor integrated
circuit device of the present invention becomes:
20 R =Y/Y’ = (1 + f) N---(9)

Fig. 14 shows values obtained in such a way that
the percentage f of the faulty bits of retention
faults used for computing the effect of improving the
rate of the chip faults as mentioned above was

25 actually measured for different thicknesses of tunnel
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and a third al um num conductive | ayer (AL3) 24L are 5 fornmed simlarly to
the first alum num conductive layer (AL1) 9L. Incidentally, synbols 21d,
2le indicate insulating filns made of, for exanple, ~~; silicon %ﬁ;ﬁ . @:t.
In this manner, the two sorts of thicknesses are 10 bestowed on t Ea@
oxide filnms, and the CMOS process such as the single-layer polysilicon gate
nmet hod i s enpl oyed, whereby the nonvolatile nenory el enents 130 can be
formed on the sem conductor substrate w thout addi ng any special process.
Mor eover, any special 15 mask is not required for the step of introducing
the p-type inpurity into the floating gates of the MS | transistors for
constructing the nonvolatile nenory elenents 130. It will be obvious from

the foregoi ngitihat. t hRafkasBamAOFY gwhiah 4% iﬂ%éﬂecéjiigﬂ §iRtd e 20 Tarm

and which is also excellent in the data retention capability can be readily

obtai ned wi t Ripidir e AGRAILR] WYY nYRE Gl T agt ULl N0a R OERE Sc Q6 PRAERASK. It
is accordingly permtted to manufacture the flash nmenory w thout addi ng any

new process pRad wals trewrit tdmaln A0 0meibids , tHnd TONDs egeshathaM S
transi stor - 73 31 JUL 2Q03 nanufacturing process such as one called the

"CMOS . ( Conmdhempeireen tiegtealo fOdde fEaril ttondast igreioedss”, and to nerge
and package the flash menory into a conplenmentary MS logic LSl or a
conpl eneht ar RPRICSXEmPRANYF Oned -l thdxnt sthev xémwortimgyr edSing e cost of

manuf acture. j M croconputer] ~~v,; Shown in Fig. 33 is a mcroconputer (or
ni cr opr ocess&PPYEs TESYSES ﬁ%ﬁ%@%&%ﬁ WhiER @ 1Y 193 cHR® exanpl e of the

i duct i nt d ci it di foth toi ti . Th
i 1 oconput oPTSBEEdA CaPSo e {5 FAL 6 SPABR U TS FRCSHREN & DRAM o c.
d i th &) 0gic Cireui i ter 301
has Fhe two doveaciBRantlun dneesedt be OO IEILE SERBRE T C. "and
can be forrrecbegle-_ eBRpa SBLC A3d et %es%w@tfomﬂfa@f%);&m' g grystal

silicon or the like, by enployi'ng the conpl enentary process of

singl e' 1bayerhgan@mber of times of rewriting was 10,000, and 16
Mbits and 1 Gbit were assumed as the total numbers N
of bits. According to the contents of Fig. 15, at the
tunnel film thickness of 8 nm, the percentage of the
chip faults becomes 100% with the l-cell/1-bit scheme,

15 whereas the percentage of the chip faults can be
lowered down to about 1 ppm for the 16 Mbits and about
100 ppm even for the 1 Gbit with the 2-cells/l-bit

) memory cells of the present invention. As also
understood from the above formula (9), the improvement

20 effect of reliability exceeding 6 digits can be
attained by employing the memory cells 131.
Consequently, a flash memory can be manufactured while
the high reliability is ensured, even in the range of

the thicknesses of thin tunnel films having the

25 thickness of 8 nm or below, the range having been
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The m croconputer 301 includes a CPU (central 20 processing unit) 310 as a
control circuit typically indicated, a flash nenory 3Z1 bei ng an exanPIe of
a nonvol atile menory, a dynamic random access menory (DRAM) 312 beidgdUhn2003
. exanple of a volatile nmenory, a static random access nenory (SRAM 313
bei ng anot her 25 exanple of the volatile nenory, an input/output - 74

. 3 ~~~It 2003 circuit 314, etc. The nenories 311, 312 and 313 can - be
regarded as nenory nodul es, respectively. The CPU 310, flash nenory 3l 1,
DRAM 312, SRAM 313 and input/output circuit 314 share an address bus 315, a
5 data bus 316 of N bits and a control bus 317. The DRAM 312 and SRAM 3I 3

i ncl ude respective flash nenories 312FM and 313FM as nonvol atil e nenori es
in order to h%&véfﬂ&ﬂyelﬂé%mtm@xﬂoﬂgl €B1Ms! bfbehe 1-cetnl/aipad ater. 10
Al t hough not especially restricted, the . input/output circuit 14 is
connected to sdhéméer eHliAddipns fus Uit e exd €8 Nekidat 8ibMsoE8D, ~an
external control bus IBC, etc., and it includes therein an unshown

i nput / out put tdoe ttmmshs tor coperest agtwithethe buppiyl8®Altagl, of8C, a bus
controll er which controls the starts of bus cycles for the external buses
18A, 18D, 18@G-.*t¥.camnbé npiréalypuesedr aphthel tunneli £ilwi.chFig.
represented by a serial interface circuit, and so forth. 20 Al though not
especi al 15 r &kt rekeoes resreliopleBuained in anebudi sAYukhatakdiea control

unit. The execution upift includes an arithpetic logic unit &ALU), a program

counter (PC) PEPRABLKILHHtRE Fhp)fauhiy .CHABP cARelrPeBFEEEN tsuch as st at us

(201 Ster (SR nih@Pol®Aha 2n % Wha Qo S°BREY -£EF1T1 0T e LR © * 7O

( & were compared as to flash memories of 64 kB employing
|
&
Yixg

the memory cells described above. As seen from Fig.

10 16, even after data was rewritten 10,000 times, the
percentage of the chip faults is 0.1 ppm at the tunnel
oxide film thickness of 8 nm, and it is 6 "digits lower
than in the case of the l-cell/l1-bit memory cells.
[Manufacturing Method]

15 Figs. 17 thru 20 illustrate the sectional
structures of the nonvolatile memory element 130 of
the flash memory and the MIS transistor MLGn of the

\;) logic circuit in Fig. 1, as to the main steps of a
manufacturing process. Incidentally, numerical values

20 to be mentioned in the ensuing description are mere
examples, and they are alterable.

First, referring to Fig. 17, a p-type well
region 121 is formed in a p-type silicon substrate 120
having a resistivity of 10Q cm, in such a way that,

25 after a groove type element isolation region 123 being
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utilized as work areas. The control unit includes an instruction register
to ,which programinstructions supplied from programdata or an operation
system program stored in the flash nmenory 311 are inputted in 5 Sﬂgqﬁfﬁm@n,
. an instruction decoder which decodes the instructions stored in t
instruction register and generates control signals for the execution unit,
and ( , so forth. The execution unit is coupled to the a.,: <, ~. address
bus 315, data bus 316 and control bus 317, and 10 it controls the output of
a selective address signal to the~address bus 315, the output of a

sel ective control signal to the control bus 317, and the input/output of
data through the data bus 316. Accordingly, the CPU 310 controls the
operation of gl kb deep aranéen BOimeati Lehyimplaaeatdanee amd h the .
program data or the operation systemprogramstored in the flash nenory
311. The DRAM&i2ied cutr eawl/implanteRbripraf oomraratecebéyatboge capacity
which is utilized as the 20 work nenory or main nenory of the CPU 31o. This
DRAM 312 has emdmyygeoTH8HrikeV dby & odosaopl &, xst0Eyam’ gi gahidmss i at
correspondence with the large scale integration of a system The nenory

cel | array 3EMRaseldratDRM ierginsod Ieeukednbywer dosenefVRdR i n 25
addition _to oqﬂplzmord lines W.d O to W.d Nd. The, - 76 31 JUL 1003

sel ection terf % o HoPhal IRAAT IRMFSLLEFRE1ARcCRBERY 8Tt 8% he

normal word lines W.d to Nd, il e, the selection term nal of_a
redundant dyrSH iyma%%a\% s* c’o%(%’az t oLﬂﬁgwﬁéﬁun@éhtn‘vﬁi’rRF 1¥$el5 wLdR
The data inp t rdm fi r e ate coupled to bit

| ines BLd_O ;Poéglc-illl?gpw.zt Elsl'tnhoug cEl)oj'fItl gg‘fjcggir% ‘?ji‘/&i H‘%Et Er"'g{]ed, the bit |ines

BLd O to BLd i1t at folsdef-didatt [ed SbhtiCtar EnpPadbi 8h {4y 2¢ eafiol ded

back{@[ ound sense anplifiers.
: acceleration energy of 500 keV by a dose of 1 x

10 10*/cm’, P" ions at an acceleration energy of 200 keVv
by a dose of 2 x 10'*/cm?, and BF,"” ions at an
acceleration energy of 50 keV by a dose of 3 x
10**/cm’. A high-withstand-voltage gate oxide film 200
having a thickness of 7 nm is grown on the surfaces of

15 the well regions 122, 121 by thermal oxidation at a
temperature of 850 °C. Thereafter, a resist film 201
having a thickness of 1 um, which is open only in a

region where the MIS transistor for the logic circuit

-

is to be formed, is formed‘by related art lithography,
20 and the high-withstand-voltage gate oxide film 200 in
the region where the MIS transistor for the logic
circuit is to be formed is removed by wet etching as
illustrated in the figure.
Subsequently, the resist film 201 is removed by

25 ashing, and the resulting structure is washed.
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10 These bit lines H.d O to HLd Ml are connected in conmon to a commobn data
| i ne~312CD through Y selectors YSd O to YSd MI. Incidentally, ttie dynamc
menory'cel |l includes a capacitance el enent which stores information
.therein, and a selection MS transistor 15 which has a source - dyfji 183 h
bet ween~one el ectrode of the capacitance el enment and the correspondi ng data
| ine and whose gate el ectrode as the selection elenent is coupled to the
corresponding word line. One of the word lines W.d O to W.d Nd and 20
redundant word line W.dR i s selected by an X decoder 312XD. One of the Y
selectors YSd O to YSd M is brought into its ON state by the decoded

out put of a Y decoder 312YD. It is to be understood in Fig. 33 that N sets,

each consistifpgepbakherMeAR ¥n6gh! il F3¥%.3313MAL23 oand st amel ectors YSd_0
to YSd Md, are ﬁis%oseg ina _ 77 * 3? ~UL 2803O iréb?ﬁ%n per pendi cul ar

to the sheet gg1th edga’éie%xi@éni@ihleﬁbh)’éGM NhaviRleal il ORpssd | on based
on the X decoder 312XD and the Y decoder 312YD is perforned, data are -

i nput t ed/ out pgtt #dnwoiér grovhebgotnermdat ax3dhitien3h2CR ivenydrdtwiét s.
Wite data is supplied fromthe data bus 316 to a data buffer 312DH, and a
mai n anplifi eof£3820A°d;i wrilehatbthel ame thmeyglhehgatemoxidiatsi 1hmne
312CD in accordance with the input data. In a data readout operation,
readout data 3200t tanadilitéanaldm eKaddbied| tpeform ahdigbmaithttand+ ne
312CD is anplified by the main anplifier 312MA, and the anplified data is
out putted froWPthadgasatsuprérestsbp 280t K604t APFES2SEE Bfhidch of the

| . d ]| Wiad O_tg Wd 15 I dwth th | ecti f th
Fedundant wor EMFRBSOR IRE PsPe: A R ERERTE §LAEay. FRFBRRATT on Stored i
Lhe 113 Mergg ve 2d2FihedNext AEPENIY bRCOERLNGY BHAT Sl i | ash memory

312F@@$s | oaded nme dress registe in synchroni sm

20 wi'th a resei1APEHRt BN MBIl fOnv 818888 RABmbRG Bhghehevel of a reset.
signal RESET used as a control signal

10 Thereafter, polysilicon is deposited by CVD (Chemical
Vapor Deposition) at a témperature of 600 °C, and a
polysilicon film having a thickness of 200 nm, which
is implanted with P* ions at an acceleration energy of
20 kev by a dose of 4 x 10%/cm?, is formed by ion

15 implantation. Besides, a gate electrode 202 (GT1)
worked by related art lithography is formed.
Thereafter, source and drain regions 203 are formed in

such a way that As® ions at an acceleration energy of

v/

30 kev are implanted by a dose of 3 x 10%/cm?, by ion
20 implantation whose mask is a resist film being 1 um
thick and being open in the regions of the n-channel
type MIS transistor (MLGn) among MIS transistors for
the logic circuit and the MIS transistor (MFSn)
constituting the flash memory cell. The regions 203

25 are used as the sources regions ST1l, ST2, ST3 and the
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far initialization. The renedy address register 312AR includes a static
Latch of a plurality of bits, and it |latches the renedy information
outputted fromthe 25 flash nenory 312FM and supplies the infornatépm»%gmgn
_ 78 _ 31 IUL ZUO3 address conparison circuit 312AC in response 10 e

hi gh 1 evel of the reset signal RESET. Wien the | oaded renedy information is
valid, it is conpared with a row address signal fromthe address 5 buffer
312AH, by the address conparison circuit 312AC. Wien the result of the
conparison is agreenent, a detection signal 312 is set at |ogical value
"1", and the others are set at |ogical value "0". The X a; ;~ ~, decoder.
312XD and the Y decoder 312YD are supplied 10 with trie address signal of

t he address .315 t hr oug he r buffer 312A8, and they decode the
supplied add?@é@ggggﬁgpggEgggdia Y thHe~X decoder 312XD decodes the row

addr ess si gnal fro%ggggggdﬁ 5 haf fiqumé@%;ég%g%ﬁ%éog signal 12~

supplied fromthe ress conparison circult Is the | ogical value

0" signifyiRg1diceadbeaRNE 1M eRAhddidg 4 MHRRss S rom degrdigg the row
address signal fromthe address --~ buffer 312A8 and sel ects the redundant

word |ine WdBrmed) biyndlepad iwiew tgea ydetleiddm by iksws 3d2 ¢ept he | ogi cal 20
value "1" signifying the agreenent. Thus, a nenbry access concerning a
faulty werd l(chemisalepagoed Daipols iftthiemopertatd dengierset ecé i 60 @o00edandant
menory cell concerning the redundant word |ine WhdR
and flattening the deposited polysilicon by means of
CMP (Chemical Mechanical Polishing), and where a first
o aluminum conductive layer 206 (ALl) is formed by
forming contact holes atvthe desired positions of the
10 film 205, depositing an aluminum film at a thitkness
of 500 nm by means of sputtering and working'the
deposited aluminum film by related art lithography.
Lastly, as shown in Fig. 20, a first interlayer
insulating film 207 is formed, a first contact hole is
15 worked, a second aluminum conductive layer 208 (AL2)
is formed, a second interlayer insulating film 209 is
formed, and a third aluminum conductive layer 210
| w) (AL3) is worked. Further, a paséivation film is
deposited and worked though not shown, thereby to
20 complete the manufacture of the system LSI of this
embodiment in which the flash memory is merged.
| As apparent also from the schematic
manufacturing process explained above, the gate oxide

film 200 thicker than the gate oxide film 204 of the

25 logic circuit 109 is grown, and the nonvolatile memory
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The internal timng control of the DRAM 312 is 25 perfornmed by a timng
controller 312TC. The timng _ 79 31 JUL 2003 controller 312TC is

suppl ted wi th strobe signals, such as a read signal and a wite signdil 2003
t hrough the control bus 317 fromthe CPU 310, and with an address signal of
a plurality of bits regarded as a nenory 5 selection signal, fromthe
address bus 315. Wen the selection of the operation of the DRAM 312 is
detected by the timng controller 312TC, the circuits of ~the X decoder
312XD etc. are activated, so that when the r. , "--'' readout operation is
designated by the read signal, 10 the stored information of the nenory cel
selected. fromwithin the nenory cell array 312MA is outputted to the data

bus 316 throu t he {h anmpl.ifier 312 as I the data _buffer 312DB,
and that when %e%’{Tf%d]o%%'yakﬁo%a'l('"%f%yﬁ?ﬁﬂﬁgghybgﬁiahﬁl%ﬂﬁ?é'lﬁygeﬁal, 15

i nputted data. ] ' ' e menory cell selected . fromwthin the
menory cel | %Arlzx/ggjlé‘{\ﬁp é%cg%%ﬂ the data buffer 312DH as well as the main
anplifier 312MA.  The, SRAMIh =t 14 qge@ﬁa%aﬁleﬁ-sessg Fhegss 4
menory, for exanple, a register file o ata buffer %0 menory or a cache
nenory. The rspatem aedl, afd ayhiEBMhef ndheo BRAM élRefidsyva el ediendant word
line W.sR in addition to normal word lines W.s O to W.s™ Ns. The sel ection
termnal $ of curimedted ain cchrerifferdhsial efeomphed inclidedormsnla word
lines W.s_0 to W.s_Nd, 25 while the selection term nal of a redundant
static - 80 flah mdm@O0ITedehwris owdnufactoned edsingt aecMédundant word

line wesR. The data input/output termnals of the static nenory cells are
coupl ed to cdfesfst Hilike |[degxribed with reference to Figs. 21

( . to 32. In each of the figures, “I/O-NMIS” signifies a

LT

&
&7

domain for forming a MIS transistor of n-éhannel type

10 which constitutes the external input/output circuit
103, "I/0-PMIS” a domain for forming a ‘MIS transistor
of p-channel type which constitutes the external
input/output circuit 103, “LOGIC NMIS” a domain for
forming a MIS transistor of n-channel type which

15 constitutes the logic circuit 109, and “LOGIC PMIS” a
domain for forming a MIS transistor of p-channel type
which constitutes the logic circuit 109. Besides, in

each of the fiqures, “MEMORY CELL DOMAIN” signifies a

L

domain for forming a MIS transistor which constitutes
20 the nonvolatile memory element 130. In the memory
cell domain, the capacitance in which the control gate
CGT is used as the coupling capacitance electrode is
omitted from illustration. In addition, although the
difference of the two sorts of thicknesses of the gate

25 oxide films is not discernible in each of the figures,
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HLs~O to-BLs Ms. The static nmenory cell includes a 5 flip-flop which stores
information therein, and a pair of selection MS transistors whose source -
drai n paths axe coupl ed between one pair of input/output nodes OQJ\ gjgemm
flip-flop and the correspondi ng pair of conplenentary bit |ines ‘and whose
gate electrodes as '10 the~selection termnals are coupled to the .
corresponding’ word line. The conplenentary bit lines HL,s O to BLs Ms are
connected in comopn to a conmmon data |line 313CD through Y selectors Y5s 0
to YSs Ms. One of the word lines W.s O to W.s Ns and redundant 15 word |ine
W.sR is selected by an X decoder 313XD. One of the Y selectors Yss_O to YSs
Ms is brought into its ON state by the decoded output of a Y decoder 313YD.
i It is to be understood that N sets, each consisting of the nenory cell
array 31 3VA idnd st Isety aselderaridbedri20r¢ be¥Sscdbto aF Egdi spdsed i n a
direction perpendicular to the sheet of the drawi ng. Consequently, when a
sel ecti on opérat FBEtB&%ed 18n thige eRsyda@ ele ST iond athehe decoder 313YD i's
perfornmed, data are inputted/ outputted to/fromthe common data |ine 313CD
25 in N bit RARUERCOREINY BRI IFRTRFS rapnerRlY28S19ed to3 ~ m zaa3

bus 316 to a ta buffer 3130B, and a sense, anplifier 313SA drives the bit
lines throudifith& SEhPRSy FA99 %??ﬂ%@gorﬂ%ceww%hbﬁh@aﬁﬁput dat a.
{

In a data r erati o readout, .data transmtted from5 the bit |ines
to the %om‘r%ﬁ a ae%]FEI %"?‘13’(‘96%% %pﬁ}}?ig%r%?/o%rh% T A Bt R gPr31BSA, and
the anplifi g6 datad 0 ddém the data buffer 313DB to the data bus
316. Which o?let he nornmal wor %lnes W.s O to W.s~Ns 10 is replaced with the

sel ection of the pegdrdanal Whotn iine PR 21,5 BlEkAS 'dy_eclgig}npquprgance wth
the renedy information stored in the fllash nenory 313FM The renedy

i nf or mati onsemdredduetbire sibsshraerrat st dtsad@aded i nto a renedy
addiess register 313AR in 15 synchronismwith the reset operation which is
baséd on t heéemighndegsoromaifies )r dsathigiynid FESELyPRheandmeligs eddr ess.

regi ster 313AR includes a static latch of a plurality of bits, and it

| at che30t he SPemddyCi KPELFRANGS dEt Pdodd ¥1nemhésfvathowdddrzed313FM and

at about 800 °C so as to form a thin silicon oxide
film 10 being about 10 nm thick at its surface, and a
silicon nitride film 11 having a thickness of about
200 nm is thereafter deposited on the silicon oxide

15 film 10 by CVD (Chemical Vapor Deposition). The
silicon oxide film 10 is formed in order to relax
stresses which act on the semiconductor substrate 3 in
cases where a silicon.oxide film'buried in an element
isolation groove is sintered at a later step, and so

20 forth. The silicon nitride film 11 has the property
of being difficult of oxidation, and is therefore
utilized as a mask for preventing the oxidation of the
substrate surface parts of portions (active regions)

which underlie this film 11.

25 Subsequently, the silicon nitride film 11,
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20 supplies the information to an address conparison circuit 313AC in
response to the high level of the reset signal RESET. Wen the | oaded
renmedy information is valid, it is conpared with a row address si gg\qul_fm[nm
the address 25 buffer 313AB, by the address conparison circuit 313AC. - 82
~1 ~(~I 2003 when the result of the conparison is agreenent, a detection
signal 313 is set at logical value "1", and the others are set at |ogical
value "0". The X decoder 313XD and the Y decoder 313YD are supplied 5 with
t he address signal of the address bus 315 through the address buffer 313AB,
and they decode the supplied address signal. Especially the X decoder 313XD
decodes the row address signal fromthe address buffer 313AB when the

detection si gnali 313 oRUPR €8] NAMIE MhAUSHERS SOTRA SORCGT BOUI T 13AC

is the | ogical value " signitying sagreenent, ereas It~rs inhibited

from decodi ”Qrteh%r"yo-‘é!t%%@cﬁ%_%iﬂcﬂrﬁa:ghfdt%?éﬂ%@dﬁiﬁﬁsaQUifxﬁ‘ésﬁ,lZAB and
sel ects the redundant word |ine SR i nstead when the detection signal 313

is the | ogi caghetebyalame i'sb1atiign igrodsd e ags cutdiEe BcMgOOry access
concerning a faulty word line is replaced with the operation of selecting a
redundant menmr deeel lis- focmederim nde BemiethmbantomosubstretdV 3R J The
internal timng control of the SRAM 313 is 20 perforned by a timng

control | &r 3TBECisTA&ttiom groowet dal mayy MEINC he Supped eth viudhsar obe
signal s, such as a read signal and a wite signal, through the control bus
317 from t heWeputday, tigd Siildgomn ndddiees Kilghall ofs ARytetthed of bits

regarded as a nenory 25 selegtio .iignal, fromthe address bus 315. Wen
the - 83 using a photoresist film as a mask, that the .

{ photoresist film is subsequenﬁly removed, and that the

il

& silicon oxide film 10 and the semiconductor substrate

10 3 are dry-etched using the patterned silicon nitride
film 11 as a mask.

‘After such processing, in order to' eliminate
damage layers produced on the inner walls of the
isolation groove 4a by the above etching, the

15 resulting semiconductor substrate 3 is dry-oxidized at
about 1000 °C so as to form a thin silicon oxide film
being about 30 nm thick on the inner walls of the

) isolation groove 4a. Subsequentiy, as shown in Fig.

22, a silicon oxide film 13 having a thickness of

20 about 400 nm is deposited on the resulting
semiconductor substrate 3, followed by the wet
oxidation of the semiconductor substrate 3, thereby to
carry out sintering for improving the quality of the

silicon oxide film 13 buried in the isolation groove

25 4a. By way of example, the silicon oxide film 13 is
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31 JUL 2003 selection of the operation of the SRAM 313 is detected by the
timng controller 313TC, the circuits of the X decoder 313XD etc. are
activated, so that when the readout operation is designated by theaqqﬁgzmn
si.gnal, 5 the stored information of the nmenory cell selected fromwthin
the nenory cell array 313MA is outputted to the data bus 316 through the
sense anplifier 313SA as well as the data buffer 313DB; and that when the
~YK; r;, .,;x , " wite operation is designated by the wite signal, 10
inputted data is witten into the nenory cell selected fromw thin the
menory cell array 313MA, through the data buffer 313DB. The flash nenory
311 includes a nenpry cell array 311MA in which electrically progranmabl e
15 nonvol at i |derRSHFSA Y |21 a3md R¥R 49 Ehé@ht@épngaﬁﬁahnﬁﬂé.floating gat e
are arranged in the shape of a matrix. Here, the nonvolatile nenory cel

| eas the const$RiASIHREGHAMd(TEPP) raFr @RRECYBIFA§s2 §OBAGS7 9&Sn whi ch

t he nonvol atile nmenpry elenents 130 formed 20 haying.the single-|ayer
pol ysilicon gates gﬁg%%ﬁﬁﬁﬁggéHi?1§+&9?9?f%&%5% %Ig+iWnPaTH Inenory cel |

CPU 310, ot o, G Sisfy R 250 0018 00nts SERRCRAGERR SH3ERE"  ne”

CPU 310, etc. I'S henory ce array edu

WFR in addi td,0/d Mo "B BWPrévn | 888 Y tRereSfter dry-etched

using a photoresist film as a mask, whereby the

silicon nitride film 14 is left at only the upper
( parts of those isolation grooves 4a of relatively
5: large area which lie at, for example, the boundary

10 parts between a memory cell array and a peripheral
circuit. The silicon nitride film 14 remaining at the
upper parts of the isolation grooves 4a is formed for
preventing a phenomenon (dishing) in which the silicon
oxide film 13 in the isolation grooves 4a of

15 relatively‘large area is polished deeply as compared
with the silicon oxide film 13 in isclation grooves 4a
of relatively small area, when the silicon oxide filh

,‘) 13 is polished and flattened by chemical mechanical
‘ polishing (CMP) at the next step.

20 Subsequently, the photoresist film for
patterning the silicon nitride film 14 is removed, and
the silicon oxide film 13 is thereafter polished and
left in the isolation grooves 4a by CMP employing the

silicon nitride films 11, 14 as a stopper, thereby to

25 form isolation portions 4. The isolation portions 4
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31 JUL 2003 to W.f Nf. The control gates of nornmal nonvolatile nmenory cells
are coupled to the normal word lines W.f*"0 to W.fANf, while the control
gate of a redundant nonvol atile menory cell is coupled to the redg@dgnt)(®

. word line WfR Hit [ines SLf~Oto HLf M are coupled to the drains of the
normal and redundant nonvol atile menory cells. Each of the word Iines WArO
to W.fINf i corresponds to the word line W. exenplified in Fig. 6, while
each of the bit lines BLf 0 to BLf M 10 corresponds to the pair of

conpl enentary data lines DLt, DLb exenmplified in Fig. 6. In Fig. 33, the
source line is omtted fromillustration. The sense anplifiers 143
explained with reference to Fig. 8 are disposed in correspondence wth the
bit Iines BLfcBrirespbnBLtoMhebel emay als®1eHided gltanliiy%ma@mon in
Fig. 33. The bit lines BLf O to BLf M are connecte ,, _ comon to a
comon data | ineF34lLGtD through Y selectors .1 YSf O to YSf M . The
common data line 311CD 20 corresponds to the pair of conplenentary comon
data |ines CDt, CDbTeepéafned,whé séldécencaeiteiliegfi8msOid of1l4 heraord
lines-W.f 0 to W.f Nf and redundant word Iine W.fR is selected by an X
decoder 311XDrewma¥eds ahd YheeresudidnySsepicondSictivr issippcaoaght into
its ON state by the decoded output of a Y - 85 ~ ~ ~u~ zaa3 decoder
311YD. It3is &8 EBb&ﬁBEthBBdat REEON1datd one fdp atBRRts S R D P hEOEBmOIr y

Il arr 11
cell array 3 aNA @e lnsulatlng film being about 10 nm thick on the

semiconductor substrate 3. Thereafter, as shown in

{ Fig. 23, a photoresist pattern 12C which denudes a

i

&z

L

.region to-be-buried and covers any other region is

10 formed on the principal surface of the resulting -
semiconductor substrate 3, whereupon phosphorus; for
example, is ion-implanted into the semiconductor -
substrate 3 by employing the photoresist pattern 12C
as a mask, in order to form a buried region 15 of n-

15 type in the semiconductor substrate 3. Incidentally,
at this stage, the n—type.buried region 15 is not
formed yet because a heat treatment for the activation

\) of the impurity, etc. has not been carried out for the
semiconductor substrate 3, but it is shown in the

20 figure in order to facilitate the understanding of the
description.

Subsequently, the photoresist pattern 12C is

removed, and a photoresist pattern which denudes n-
well regions in all the regions and covers any other

25 region is thereafter formed on the principal surface
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Y selectors YSf_O to YSFAM, are disposed in a direction perpendicular to
the sheet of the drawi ng. 5 Consequently, when a selection operation based
on thé X decoder 311XD and the Y decoder 311YD is perforned, data are
permtted to be inputted/outputted in N-bit units .between the ”FV?HUZM?"
and the common data line 311CD. Wite data is supplied fromthe data bus
316 10 to a data buffer 311DH, and a main anplifier 311MA drives-the conmon
data line 311CD in accordance with the input data, whereby the bit line is
driven through the sense anplifier not showmn. In a data readout operation,
a signal read out of the bit line is 15 differentially anplified by the
sense anplifier (not shown), the resulting signal is transmtted to the

comon dat a ldfmehdl d3wndns sumlddridtttyr thepseracany i Nt 311MA, and
the anplified signal is outputted fromthe data buffer 311DB to the data

bus 316. 20 Whosiphefrushe fioor redanpdred, |isieoWimPlantdMfiMioisheepl aced with
the selection of the redundant word line W.fR is determ ned by the renedy
i nf or mat i on. sEme.cogvvEghtamfsarhedtriadre i3 el enbloy heg none gplabtdeesestry cel |
which is coupled to the word line Wf-0 25 and the bit |ine BLf_0. The
remedy i nf or PRGEGFNsB6r &d @G K. Here,Uthepges ane taspestdmelar rand 311MA i s

| oaded into a renedy .address regjster. 311AR in synchronismw th the reset
oper at i oR mh?@PWQ?Qé%¥NEQﬁfQﬂm§qﬂiﬁ1q%ﬁﬁﬂ 9fo t HEPYBEY WMGFRAURERET. More

Ppecl {1 ool |V s RoBd TS B Ol T 90 SR AR e eee A1
operati on, i%o&ﬁi&%“%%et%Jwgils (n-type well regions) 16NW, and
( the step of introducing the impurity for setting the
threshold voltage of a MIS transistor which is to be

10 formed in the n-well 16NW outside the memory cell
domain. Thereafter, the photoresist pattern is
removed.

Subsequently, as shown in Fig. 24, a photoresist
pattern 12D which denudes p-well regions and covers

15 any other region is thereafter formed on the principal
surface of the resulting semiconductor substrate 3.
Next, boron or boron difluoride, for example, is ion-

) implanted into the semiconductor substrate 3 by
employing the photoresist pattern 12D as a mask.

20 Here, there are respectively and separately performed
at least two impurity introducing steps; the step of
introducing the impurity for forming the p-wells (p-
type well regions) 16PW, and the step of introducing
the impurity for setting the Vth of a MIS transistor

25 which is to be formed in the p-well 16PW outside the
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designation of the reset operation based on the reset signal RESET.

Besi des, the X decoder 311XD and the Y 10 decoder 311YD sel ect the word
li'ne W.f 0 and the bit line HLf 0 in response to a reset period g?%ggqmﬂed
by the~reset signal RESET. Thus, the renedy information of N bit&'i
outputted fromthe main anplifier 311MA. The renedy address register 311AR
includes a static 15 latch of a plurality of bits, and it |atches the
renmedy information outputted fromthe main anplifier 311MA and supplies the
information to an address conparison circuit 311AC in response to the high
| evel of the reset signal RESET. 20 The address conparison circuit 311AC
conpares renedy row address information contained in the renedy information
and the row auemesy cehhadlomabm arThekkatsebhuffiee gidvdresthen the result of
the conparison is agreement, the address conparison circuit 311AC gives 25
t he X decoderp3utexmn al 2Rt bet remo¥ednal 311 of logical _ g7 3 ~ ~UL 203
value "1". Wien the detection signal 311 is the |ogical value "1", the X
decoder 311XD i nhi BE%e% HIGR3 $eReSPECPTOREBHERAL FEAPBasEHSon the row
address fromthe address buffer 311AB and sel ects .the 5 redundant word |ine

Whf R i nst ead. TSHUCING 38R GOBARSERr cBRRRERRAG 4 AguStPIRGEE tRe 3 s
replaced with 'the operatjon of selecting a rtedundant ry cel
concerniﬁ?t[&f??iﬁﬁéh&ﬁé ot o ?ﬁ%bwl#éf i?Flwégéo?hng?ﬁ?ng control s of
t he erase, w fiyg N =Tals) e i, O o] 3 etc.
are perforne t e‘%gdgencém%gﬁ$r%ﬁ?%re@?léfﬁggﬁéhgégagﬁggg§gﬁ%%% | er
311SQ i s suppd astN tdrSte PhEcEEGNEd SfotHChhasSnawkedd 3kfRal pagdiaavite
signal, through the control bus 317 fromthe CPU 310, and with 15 a comand
t hfough the dedpw sl midype bhsrbédoregboppl fednwehe aemaddndastairgnal of a
plurglity of bits regarded as a menory sel ection signal, fromthe address
bus 315. ° ~yJXlubstrediestI ucihen ofwelis fl6AEh crenvespids has @te been
described chiefly on the structures for redundancy and renedy. It is to be
under st déd t HetPq meldorkFirR i bi? SRR tmefignedyi WBider tBEUPE of the

dundant d ] R, _add ' i it 311AC dd
ogistor 311 & o SfETHRTRA (Al FHE Ret ERhovad L RESEBREL adti on of

the shown in Fig. 1.
After such processing, the manufacturing method
shifts to the step of forming a gate insulating film
15 as stated below by way of example. First, an
oxidizing treatment for forming a gate insulating film
for high-withstand-voltage transistors which are to be
( ) formed on the semiconductor substrate 3 is carried
out, whereby the éate insulating film which has a
20 first thickness being relatively large and being, for
example, about 8 nm is formed on the principal surface
of the semiconductor substrate 3. Next, a photoresist
pattern which covers regions for forming the high-
withstanq—voltage transistors and denudes any other

25 region is formed on the gate insulating film,
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88 _ 31 ~IlL zZzuUfl3 flash nmenory explained with reference to Fig. 8.
Besi des, the flash nmenory 312FM built in the DRAM 312 and the fIﬁé?HEE y
313FM built in the SRAM 313, basically have substantially the sa hgﬁ@
cell 5 arrangenent as that of the flash nenory explained with reference to
Fig. 8 The point of difference fromFig. 8 is the construction in which,

| i kewi se to the flash nmenory 311, the flash nenories 312FM 313FM,d
deliver the renedy information to the remedy address 10 regi sters 312AR,
313AR in response to the reset signal RESET, and the point of difference
fromFig. 33 is that they do not have the renedying redundant structure.

The CPU 310 f [ f [ 15, stated, i . b

execut ng SUPACERRPRRENE BRoces g HhaT At (91 JHT O SHeY cBith, e 0.,

the flash 1. t d.d ded, .t hat ' d

for. the execlEPBASHT PYhENEn R P HSEeSH o BoGETod 79 SR oy S8fe DRAM 31 2

or the SRAN'%agth@rzotﬂﬁcghgﬁg%%s isth the gﬁﬂﬂé é%mJJgédecoding, that the
an , and t hat th of

derived oper saré proceésse the resu he processing is

stored in th o] h ; [ £5&61 sd RESET
i S brought tgthgyE?$%'|§9§|ﬁaﬁﬁgu%%3§§%%a?ﬁ?ﬁ¥?§gfinﬁﬁ? prod%gg?ﬁé 25

under exscutseapaB@ EBrhiahl zegatle ihgaliatadgnadanffor s 3 t ~u~ zaad
its internal circuit into a predeterm ned |ogical state. In the reset
period (the peahsdstbrshetheghthanelthef hiilgd -fdadistsimghaloRERE), not only
the interior of the CPU 310, but also the internal 5 registers of unshown
peri pheral ctransistare.initialized. Further, as explained before, the

processing of initially |loading the renedy information into the renedy
addr ess regi sters SaRpGuenbhR, ABYSARLEPEMABET §r PEPLOFaSHEYT | ash menory

31|@%DRAM 3'53t§§¥%4which covers regions for forming the MIS
10 transistors requiring the suppression of the leakage
currents in the peripheral circuit domain and the
logic circuit domain and which denudes any other
region, the parts of the gate insulating film denuded
by the photoresist pattern are removed, and further,
15 the photoresist~pattern 1s removed.
Thereafter, the resulting semiconductor
substrate 3 is subjected to an oxidizing treatment for
(‘J forming the gate insulating film'for the MIS
transistors requiring a high-speed operation, whereby
20 the gate insulating film which has a second thickness
being relatively small and being, for example, about 4
nm is formed on the principal surface of the
semiconductor substrate 3.

Subsequently, as shown in Fig. 25, a conductor

+ 25 film 18 for forming gate electrodes is formed on the
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10 313. The reset signal RESET is changed to the high level in response to
any command such as systemreset or power-ON reset based on the tu g-ﬁ@dﬁﬁ
an operating power source. Wien the reset signal RESET is negated I

| ow | evel, the CPU 10 starts reset exception 15 processing. The during the
reset a stack poi nter, status register. J reset, the opera internal
initialization of the CPU 10 period is done for a program counter, and
controlling registers such as a Besides, in the case of the power-ON |ion
of a clock generator circuit is 20 stabilized in a tinme period since the
turn-ON of the power source till the release of the reset, so that a stable
cl ock signal can_be fed tg the CPU 310 etc. after the release of .the reset.

| ndi cat ed atrﬂﬁH%FéPQSEGmFHOP#SCtQ§ ﬁ§b§ﬁéaﬁ§dé Py R o e chike(oNT) of -
t he nlcroco uter control (gnal 321 is made a

node setting EoﬂfrgP gPﬁﬁﬁlgBF SﬁgebQF Murld) ifF 8T RS s for

desi gnati ng an ich the fl ash

merori es 311% @iggkgég% wFa? 5C3E8p§ 8ug§%ﬁ%ﬁgP by a wite
apparatus, syghasian GEEOYD hewﬁ gnogRbRLL Y SL45 W I grapomput er

301. Wen the node i's se e m croconput ér

functions of the fékeéﬁahpuapua/ QYmBYk shbkstdnte film Hf ol tered so that
the m croconputer 30l may have 10 an external interface function apparently

equi val ent tpegiSeaheangutyoiliabagr at edackeauirti 1bus siwm Hf sinple
flash nenory, and the operation of the CPU 310 is stopped. Mre

speci fical | yruhpeténf s§elicideufidmcaspdegosad tiekde omd dossardriss tHrbce dat a bus
316 and 15 control bus 317 of the CPU 31U are brought into high
( polysilicon, or a stacked film in which a metal film
of tungsten or the like is deposited over low-

10 resistance polysilicon through a barriexr metal film of
tungsten nitride, titanium nitride or the like. The
conductor film 18 corresponds to the polysilicon layer
PSi shown in Fig. 7. Incidentally, the barrier metal
film functions in a high-temperature heat treatment as

15 a barrier layer which prevents the tungsten film and
the polysilicon film from reacting to form a silicide
layer of high resistance at the interface between both

- the films. '

Subsequently, as exemplified in Fig. 25, a
20 photoresist pattern 12E which denudes regions for
forming the MIS transistors of n-channel type, except
the memory cell domain, and which covers any other
region is formed on the conductor film 18, whereupon

an n-type impurity, for example, phosphorus is ion-

25 implanted into the conductor film 18 by employing the

- 66 -



i npedance states in response to the setting of the EPROM witer node, and
the CPU 310 is electrically disconnected fromthe buses 315,'316 and 317.
In'the ~J EPROMwiter node, the external input/output circuit 20 % ﬁ 003

, receives an address signal from outside and supplies the address é'é gl q

t ie address bus 315, it delivers the data of the data bus 316 to outside in
response to the conmand of the read operation based on the external read
signal, and it receives data and 25 supplies the data to the data bus 316
in response to - 91 31 JUL 2d03 the conmand of the wite operation based
on the external wite signal. Wen the EPROMwiter node is not set, the
flash nenories 311, 312FM 313FM are accessi bl e~under the control of the

CPU 310. 5 'nghgeoﬁgﬁgéngA£6ér Ard9e 8sPLURALILY Shep@hkeep! Ringh vol!ages

vVppi necessar or t se and wite operations o 4sh menori es

311, 312FM 3%§5@%§é§1§€d?ﬁtﬁékﬁui§Ed§s é@ﬁeb@anglwnughethbaﬁht ries
311, 312FM 313FM need not be furnished with 10 respectlve boosti'ng supply

vol tage circuihpuphtghissigpsodicadvehtagenkoghhte RiidlkvtddeasRsrigegssary
for the erase and wite operations. Since the boostlng supply vol tage

circuits requteghgnsoopathei nethahaeletopeuNasi @fradsdaTordN whe el tt ed,
reduction in the size 15 of a chip can be realized. Herein, after the

m cr oconput erahastbeke fHorkedeinohhe regiont kaaegt tthe Meashrynerall es
cannot be progranmed (on-board programming) under a software control based
on the CPU 318°mFkR- oni ssion of the boosting supply voltage 20 circuits,
however, forns no hj drance angd conﬁrlbutes to performance and

hi gher density of tHe*$h FTUMRT e ?npng%E%ShﬁErBaFﬁﬁrplégﬁ rmémory 311 is
a progranlnengﬁgtg@égigé 5%@§£ﬁtf£§9 8X18n”82 u§%¥ regions for

l;n
forming the MIS transistors of p-channel type,

10 together with the memory cell domain, and which covers
any other region is formed on the conductor film 18 as
exemplified in Fig. 26 at this time, whereupon a p-
type impurity, for example, boron (B) is ion-implanted
into the conductor film 18 by employing the '

15 photoresist pattern 12EE as a mask. Thereafter, the
photoresist pattern 12EE is removed. Thus, the p-type
impurity is introduced into the gate electrode forming

m) regions of the p-channel type MIS transistors and the
n-channel type MIS transistor of the memory cell

20 domain. Via this step, the floating gate FGT of the
nonvolatile memory element 130 can contain the p-type
impurity, whereby the threshold voltage Vth of the
nonvolatile memory element is readily set at the
middle threshold voltage between the high threshold

25 state and the low threshold state. In a case where
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and whi ch need not be programred on a system and 25 where renedy
information suffices to be witten into - 92 3t ~liL 2D03 the flash
mehorires 312FM 313FM at the stage of manufacture. By the way, in ?q\_umg
i ntended use requiring the on-board programm ng, the boosting ciré 'ps may
well be built in the flash nmenories under the 5 condition that the
application of a single supply voltage fromoutside Buff ices. Even with
this contrivance, a storage capacity suffices with several tens to severa
hundred bytes in nost cases, in each f _.. of the flash.nmenories 312FM
313FM dedi cated to store 10 the renedy information. Wien the boosting
circuits are individually nounted in such flash nenories, it is supposed’
that the boosthegiritial tshreshebd cupytageaisacbatgeidledabyt he area of the
menmory cell array. Therefore, a dedicated boosting circuit should 15
desirably be IHeIQ@RILNIG & He-tYRE hipRWHE Y 31ntof thenpghranelerpdimame
storage capacity which is utilized for generaIFgurposes or which is

utilized for 9F oftaRRIDI NGy M1 t eRANSFRFPRAMFSRy BhRNOEQsAASKhds . | ]

st epped-up voltages of the dedjcated boosting circuit_.. 20 may well be

Spoled 1o 1 RF SR SRPAEA TEl oG | RS BT« FRNFFALA TGRS 312FM

313FM dedi cat,ed t tore the renedy information. _The,m_craoc uter in the

shape ofcgthe t?%‘?sce}hqufgl&o %%% s°g§ %ﬁ”f hO%?Es%'%P%aP%%XB%%m for 2S

remedyi ng ckﬁg¥g§§i§gg%it can omt an apparatus and a _ 93 3 ~ JUL 2b03
or cu

processi ng step ting fuses, thereby to curtai

Thereafter, the photoresist pattern 12EE is

( removed, whereupon an insulating film for capping as
Wy

R . is made of silicon oxide or silicon nitride by way of

10 example is deposited on the conductor film 18 by CVD

or the like.
Subsequently, the insulating film for capping is

patterned by dry etching or the like with a
photoresist pattern used as a mask, followed by the

15 removal of the photoresist pattern, and the conductor
film 18 is patterned with the patterned capping
insulating film used as a mask, followed by the

removal of the capping insulating film 19, whereby the

N

gate electrodes 6g are formed as shown in Fig. 27.

20 Subsequently, as shown in Fig. 28, boron (B),
for example, is ion-implanted into the n-wells 16NW by
employing a photoresist pattern 12F as a mask, thereby
to form semiconductor regions 7a of p™-type in those

' parts of each of the n-wells 16NW which lie on both

25 the sides of the corresponding gate electrode 6g.
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a testing cost. Incidentally, the flash nenories 312FM 313FM are not
restricted to the nenory cells of the 5 differential formas shown in Figs.
6 and 7, but they may well enploy electrically erasable and progranmabl e

., nonvolatile nmenory cells of single-layer polysiliconr ~ gates. . {ﬁﬂgﬁma
MEnory] 10 Shown in Fig. 34 is a detailed exanple in the case mher%

SRAM 314 in Fig. 33 is incarnated as a cache nenory. A flash nenory 450 and
t he cache nenory 451 shown in Fig. 34 are also applicable to the cache
menory 108 and the flash nmenory 104 in Fig. 2. . 15 Although not especially
restricted, the cache nmenory 451 is.constructed as an associ ative nmenory of
direct map form Although not especially restricted, t the cache nenory 451
i ncl udes a nefncydesthlayy agt. thishisthgiegr mheup +byR86seadhendueesr and
which is 20 configured of an address array 400 and a data array 401. The
address arrayragdoaad7ahardanatafpaped0yetabecausenla draaty stZmed01T in
whi ch nornmal static nenory cells are arranged, and redundant arrays 400R,
401R i n whi chfpEndayivgtiPat fECHeRapy nNesl beeno cagplisge 28 + Huat stley ones
of the nornal nenngéwcells are_- 31 ~UL 2003 arranged, respectively.

. 94 |
one cache |inRFEofbdVAstE EAGhELigUFedRdPEder: 49) terAd ety physi cal

page ~lo., a validi Lt V_as '], as_an unshown dirty bit, data LWOto
LVB of 5 16 b??ggrigg?géﬁgn%?nﬁﬁeodggsﬁlBFﬁ?nand so forth. The cache tags

CTAG the validity i E?Ft Lt i el in the
address arrays 400T§é%€b A W%?ﬁga@ﬁggﬁgtghﬁyépgggﬁﬁglgFegﬁgﬁggg% in the
data arrays 4pig, @RdSpndbesVep)di k¥rbekapirdi g8t §9nldmiaidiady or not
valid data is contained in the pertinent cache Iine, and’it signifies
"valid" with imgbcahevplwelld 16PN biyneablldyingt sl agmaalk el ue By way of
exanpl:e, an index address Aidx 15 consisting of bit 4 to bit 11 of an

addr ess si gnaphotonsetst opateéent fogmaedcankw entr potTishowndexhadmtess Al dx
is decoded by an_address decoder 410, and the 1 cache line is selected in
the nor el arfayfoEmoTemieandnetaE cEraanbE ARt ALt Re-d¥eedéd EBeaPRt .

Al t hough not 20 espegially restricted, each _of the reduyndant arrays 400R
401R has a stRFEhe %gpﬁi?gyo o??%s%ﬁﬂﬁ%ﬁ@ ﬂépgngnlcbag&gquu§°ﬁﬂmithey are

sel ect ed when 00 co0Dagt SOfle ' 8514 Lo BbARThg 82101 o3EAURA $O Clrcul b 412

indicates the state agreenent . npar i son result signal 422
indicates therstad&n®d11Pf at this stage, the n-type semiconductor

regions 5a are not formed yet because a heat treatment
15 for activation etc. has not been carried out, but they

are shown in the fiqure in order to facilitate the

understanding of the description. Eesides, in spite

of this processing, the impurity'already introduced in

-

the gate of the n-channel type MIS transistor in the
20 memory cell domain shall still maintain the p-type. |
Subsequently, the photoresist pattern 12F is
removed, followed by the heat treatment for the
activation of the impurities introduced into the
semiconductor substrate 3, etc. Thereafter, as shown

25 in Fig. 29, a silicon nitride film being about 50 nm
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- 95 " 31 JUL TOO3 agreenent, the operation of selecting the W%THMLZM3
array by the address decoder 410 is inhibited. The cache tag of the

sel ected cache line is conpared with a tag address Atag on the upper digit
side of the 5 correspondi ng address signal by a conparator 402. On
condition that the cache tag CTAG and the tag address Atag agree and that
the validity bit Vis the logical r value "1", a cache hit/m ss signal 404
which is outputted froman AND gate 403 is brought to the 10 | ogi cal val ue
"1". On the other hand, cache |line~data of 32 bytes indexed by the data
array 401 is selected by a selector 40S on the Dasis of a | ong word address
Aword consisting of the lower digit side bits 2 and 3 of the address
signal . 15 Wignickels adé¢mposhiteédies shgnaksddiingdseatiesntdnetsiate o t he

| ogi cal value "1" (cache read hit state) in a read access, a cache control
circuit 407 cviesoraten ibpRVDAapdtiei etohed48sisotaopicaddppl y the data
_. bus 316 with the long word data selected by the 20 selector 405. In a
case where t HORERPE $R tF9F’ S el L 48Raraas chP eqnt kBessidewstl iishe | ogi cal
val ue "0" (cache read mss stq%g) in the reag access, @ata which
corresponds t¥ dtfEF e f#2 n?ja??ﬂ:ﬁad?ﬁe dat L7 PEVSRt Po the miss is

r ead froglthelgata.Q¥%:%§ 3%?1%? as to _execute a cgﬁhe fkll operation. In a
- 96 1 10t %Wcasté HErE e %a%ﬁ’éaﬂll??ﬁi gg SngP %04 indicates the

state of the | a0l Cali Y@ #8im Y47 (£AENENY 5181005 §k3LE) £ilm buried

in the isolation portions 4, this etching is carried
( ) out using an etching gas with which the etching rate
K of the silicon nitride-film is large relative to those
10 of the silicon oxide films. Also in a case where an
insulating film for capping as is made of a silicon
nitride film is formed on the gate electrodes 6g, the-
amount of overetching shall be confined to the
required minimum in order to minimize the amount of
15 scrapings of the capping insulating film.
Subsequently, arsenic (As), for example, is ion-
implanted into the p-wells 16PW by employing a

photoresist pattern as a mask, thereby to form

w

semiconductor regions 5b of n'-type for the n-channel
20 type MIS transistors. Besides, in spite of this
processing, the impurity already introduced in the
gate of the n-channel type MIS transistor in the
memory cell domain shall still maintain the p-type.
Incidentally, at this stage, the n'-type semiconductor

25 regions 5b are not formed yet because a heat treatment
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in awite access, data is witten into the hit entry and the dirty bit of
the entry is set, subject to the 5 cache operati on node being a copy-back
mode. ‘A m smatched state with the data of an external nenory is kngﬁq fr&@
the dirty bit in a set state. Wen the dirty cache entry is expell g\ut2 f
t he cache nenmory ~,~ ~~L. iY.n ~ v - 4S1 by the cache fill operation, the
data is witten 10 back into the external nenory. In a wite-through node,
data is witten into the hit entry and is also witten into the external
menory. In a case where the cache hit/mss signal 404 indicates the state
of the logical value "0" (cache wite mss state) in the 15 wite access,
the cache fill operation is perfornmed, the dirty bit is set to update the
tag address, fon aktivatiomieten hasonohebeehl edrcaedeokitne busuldjlezyt to |
the copy-back node. In the case~of the wite-through ~J node, data is
witten into ®FeShown ein ki@l fHPRee y1n20rdRs sachacililtaggertdrs on is the
operation of loading the data of the cache |ine fromthe external nenory,
and cache ent$3ASSTINBPLT R RAPSTHLRFLPB -t he | oaded data into the

he i . t hi i i t he. R i h ; |
IR 2 KRR T v o i R o
t , t | ; f RU. (L t. | - ¢ 9
o Y e Bhialenl e X AP LR EBRL(RBIERELY WRED) o S0 o1

replacement . Jhwe 4 epde & WS Ry 1%y pgéfgrﬁgskbg gﬂﬁgg?gggﬁ@ controller

407. The renedy address of the cache |Ine I ng ulty nenory cell is

held in the fdasferenmry fdhfhed Sandw FitheB8byt B8 EE8PRI¥enAbSNRIGYY | S
| oaded into a renedy address regi ster 420 during the high level 10 period

of the reset regials RESOE prheypeaded rtdredy-dimndfmrelatiIs is conpared with
the index address Al dx by the conparison circuit 421. The cache nenory
di spenses wi tiransFistonit oglamidegteliaui talf dgrhiemepdeqg e eet<ymnd it can
1S oMt A NG 2 R ene 1 3L E R S Pl B e oY 1O
curtail 18 t eSI§HEAULIC 9 Y a
heat treatment for activation etc. has not been
carried out, but they are shﬁwn in the figure in order
to facilitate the understanding of the description.
Thereafter, the photoresist pattern 12G is
15 removed, followed by subjecting the resulting
semiconductor substrate 3 to the heat treatment for
the activation of the impurities, whereby the MISFETs
(. Qp, QL of the p-channel type and the MISFETs Qn, Qd of
the n-channel type are formed.
20 Subsequently, a conductor fi;m of, for example,
titanium nitride (TiN) or cobalt (Co) is deposited on
the resulting semiconductor substrate 3 by sputtering
or the like, followed by a heat treatment, whereby as

shown in Fig. 30, a silicide layer 20 is formed at the

25 contact interfaces between the conductor film and the
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InC|dentaIIy, the flash nenory 450 nmay enploy the nmenory cells of the
differential ~formas shown in J Figs. 6 and 7, and it may well enpl oy
el'ectrically 20 erasabl e and programmuabl e nonvol ati | e menory cells }ﬁjUL 7003
singl e-1ayer polysilicon gates. Although the inventions nmade-by t

imventors have been concretely described above on the basis of the aspects
of performance, it is needless to say that 25 the present invention is not
restricted thereto, but _ 98 @ 31 'UL 2003 that it is variously alterable
Wi thin a scope not departing fromthe purport thereof. By way of exanple,
the contrivance in which the word |ine selection voltage is substantially
equalized 5 to the initial threshold voltage of the nonvolatile nenory

el ements i s edndrsindigtapEuldidtatea 03 nesiveedli he thaogwuteel |s in which
nonvol atil e nenory el ements are connected in the differential connection
form and it electotodeasstag ct dexto the mwondictdr ef 10n meoory el enents of the
single-layer polysilicon gate structure. In addition, the MS transistors
constltutlngﬂﬂ¥§Q%ﬁ%RﬂeﬁﬁIQ¥QRﬁﬁN%n¢ﬂEﬂ%ﬂvgdexﬁharﬂéﬁomn@hhﬁéterence to

Fig. 1 etc. are not restricted to the n 15 channel type, but they may well
be of p- chanﬁ§@aﬁﬂﬁ§t is carried out again.

5 Subsequently, an insulating film 2la made of,
for example, a silicon nitride film is deposited on
the resulting semiconductor substrate 3 by CVD or the

( | like, an insulating film 21b made of, for example, PSG

(Phopho Silicate Glass) is thereafter deposited on the
10 insulating film 2la by CVD or the like, and an
- insulating film 2lc made of, for example, silicon
oxide is further deposited on the insulating f£ilm 21b.
Next, the upper surface of the insulating film 21c is
flattened by CMP, whereupon contact holes 8 are
15 provided in parts of the insulating films 2la to 2lc.
Thereafter, titanium, titanium nitride, and tungsten,
for example, are deposited on the resulting
~ semiconducébr substrate 3 in suctession from below and
are etched back by CMP, whereby a conductor film 22 is
20 buried and formed iﬁ the contact holes 8.
Subsequently, titanium, aluminum or an aluminum
alloy, titanium, and titanium nitride, for example,
are deposited on the resulting semiconductor substrate
3 in succession from below and are patterned by a

25 photolithographic technique and a dry etching
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In this case, the conductivity types of the respective sem conduct or

regions constituting the nonvolatile nmenory elenents 130 shown in Fig: 1

may be reversed to those in Fig. 1. In this case, it is possible by way 20
of exanple to set voltage conditions for the erase of the nonvolatile

menory el ements at Vnw = 3.3 V, Vd = open, Vs = -5 V and W = 0 V, vd 8ihell0]
conditions for the wite at Vnw= 3.3V, vd =0V, Vs - 4 V and Vw = 5V,

and voltage conditions for readout at Vnw=3.3 25V, vd =0V, Vs = 1.8 vV
and W =0 V. g9 31 JUL 2003 Besides, the voltage of the input

vol tage range in which the sense anplifier is subjected to the transient

response operation i.s not restricted to. 50 mv, but it can be, somewhat
chaﬁged Fﬁ% an533ﬁ %qﬂﬁfﬁﬂlﬁnﬁirﬁﬁnﬁﬁﬁﬂﬁﬁymﬂc??@@ﬁﬁEy?ransisto}s

constituting. t n |l fier.. vnw v nd, Vs .i ndi cat.e the n-type well
pot ent i a}l,ay%?:air@l‘ggt ?ﬁt %ar%p gartlr? sout %%’o%efrj\l’[i gleict):f' e AWM FVB of the
p-type, w:respectivel 'Qghq&&p 1&?1 tq f p. type well
used as Fﬁg'cgﬁfrgl%§%¥¥§%§§& eS|dZ§% é?if%kﬁ%ﬂﬁa?g%%gfbfig%e nonvol atil e
mermory elgeent tdidd R wdkem HoddiRtien et tiANP) SEQHf SapE e not _
restricted to the polysilicon gates, but they may well be stacked filns in
whi ch 15 rpemedi lsiiedn airg yC ambigied fiiridt talngsimin ddndiskeies the like.

Li kewi se, the.nmetal wiring 1s not restricted to the alumnumwring, but it
may wel | lagetru@stign 9mi.r i hgcideppeillw, r sgmbods angd,ot2ler stacked film
wiring. 20 Besides, the threshold voltage states of the erase state and the
write st andigagenwdnisudatdag fddmsewadse afo tfar feamgmieg. Moreover, the

circuit. modul es which are nmerged and packaged in the sem conductor
integ€W~§éléFPBuPFl§Pb not restricted to 25 those in Fig. 2 and Fig. 33,

o0 S 1ot Bk Rranl One, cBb 4-i200, TR A Rockage, amy other
ETESY . BESEORRACRy' S0 phecl sk | s R LS od )
such as the single-layer polysilicon gate method is
employed, whereby the nonvolatile memory elements 130
can be formed on the semiconductor substrate without
adding any special process. Moreover, any special
15 mask is not required for the step of introducing the
p-type impurity into the floating gates of the MIS
- transistors for constructing the nonvolatile memory
‘;> elements 130. It will be obvious from the foregoing
that the flash memory which is in the differential
20 form and which is also excellent in the data retention
capability can be readily obtained without adding any
special manufacturing process or photo-mask. It is
accordingly permitted to manufacture the flash memory

without adding any new process peculiar to the flash

25 memory, to a complementary MIS transistor
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may well respond to the conmand of an appropriate operation node. Resides,
redundant data lines may well be laid in order to renedy faulty bits. Al so,
;+, the cache nenory is not restricted to the direct map, 10 but it may
wel | be set-associative, full-associative or the |ike. Advantages ig@+q®@
attained by typical ones of inventions disclosed in the present applﬂ [
are briefly explained as follows: 15 The differential connection form of
nonvol atile nmenory el enents is adopted for the nmenory cell of a nonvolatile
menory, and the initial threshold voltage hJ and the readout word |ine

sel ection voltage of the nonvolatile nmenory elenents are set to be 20
substantially equal within the range of a voltage width within which the
sensitivimgnofaqtuchsg pnpfessesurd Asglenesgallied &hen “iGMQFhe -nonvol atil e
menory el ement has turned faulty due to the gradual fall of the threshold
vol tage of Complemanbpayitetal Ruidey Semdeondur&erig PAXaRess thr eshol d

vol tage or the - 101 31 JUL 2003 . gradual rise of the threshold voltage
of the noRWdl BPi FELHBNRRY BREKRAE ﬁ§§|ﬁ&aéhlBﬁmPHVe§HEQjQKﬂtage t he

t hreshol d_vol f_th t nf tate which

|5 Subst aFERB FSCBEa LT OLONLCLBRY Pind SEGAERGR oA S~ and ¢ nat the.
ti t

(nt ereai A PRRE Bt Tethe e BREAORES AnRandSih B o Bt ey ¢

signal staigu¥acture. . transmtted to the sense anplifier through a data

l'ine

(
20 Shown in Fig. 33 is a microcomputer (or

.

{Microcomputer]

microprocessor) as a data processor which is the
10 second example of the semiconductor integrated circuit
according to the present invention. The microcomputer
301 can also be located és a system LSI in which a
DRAM etc. are merged and packaged with a logic
circuit. Also the microcomputer 301 has the two sorts
15 of gate oxide film thicknesses explained before, and
can be formed on one semiconductor substrate made of
{ single-crystal silicon or the like, by employing the
L,/ complementary MIS process of single-layer gates.
The microcomputer 301 includes a CPU (central
20 processing unit) 310 as a control circuit typically
indicated, a flash memory 311 being an example of a
nonvolatile memory, a dynamic random access memory
(DRAM) 312 being an example of a volatile memory, a
static random access memory (SRAM) 313 being another

25 example of the volatile memory, an input/output
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10 brings this sense anplifier into the input state of the transient
response, operation. Accordingly, if the state of the other nonvolatile
menory elenment is normal, there is the very high possibility that th

stored information of a correct |ogical value before 15 the deteri orgl 1n 2003
wi Il be obtained by the differential . anplification action of the sense
anplifier, whereby a long-termdata retention capability is enhanced, and
lowering in the rate of readout faults can be realized. 20 Especially in
case of previously setting the initial threshold voltage at a voltage near
t he average val ue between the relatively |ow threshold voltage and the
relatively high threshold voltage, it is possible to substantially equalize
t he occurd pi]o"oabervr‘ft y I0€ mematescii babt &2 t3nd neldradbal fall - 102

3 ~ ~u~. t0o03 of the high threshol 't f th |ati]
ol cront altF RBHRARH (49 RO 501  FaapeGtately panreet 68 or hdual

i ft t h | d t t i I t,
wher eby t ha & PRGN iy O £ R SE2 8 BN H L R BRTat L on can be

h d t. . ' i t th hol d '
POl nges, Ei R o fitudh DY I AaEe Dhn CRRREASS Bs 335 MR 10 e
into he fdat v CAleS O I8Aes NANY0L atbherd?. LaBNLY el pRENt S which can

be produced by the single |ayer polysilicon gate process, whereby the
initial threshdild \«ild arenarsd viktlide sespettovevolagpe of the

nonvol atile nenory el enents are readily set at a voltage which is near the
m ddl e | ewemoafieshe 1125 % perdatd 1dFM upp | yorwdl agielef mehersensdananpl i fier. The
thi tkness of the gate oxide ffilnms in the nonvolatile nmenory el ements of

si ngl,e- | apadegatt® algbtiamedys HaRrmawhen Whiehtwélinbeknesses of the .J
gate oxide filns of the MS transistors of other 20 circuits, whereby the
nonvol at i IS e s can be endowed with a sonewhat |ong information

ranutdct ur o pocBeush: et B Rt P el B eu 1 10 a case:
where a saliRfdch@pht circuit 14 is connected to an external
address bus 18A, an external data bus 18D, an external
control bus 18C, etc., and it includes therein an
unshown input/output port which is connected to the
15 buses 18A, 18D, 18C, a bus controller which controls
the starts of bus cycles for the external buses 183,
( 18D, 18C, etc., an input/output peripheral circuit

o which is represented by a serial interface circuit,

and so forth.

20 Although not especially restricted, the CPU 310
has an execution unit and a control unit. The
execution unit includes an arithmetic logic unit
(ALU), a program counter (PC), a stack pointer (SP),

and a dedicated register such as status register (SR),

25 as well as a group of general registers which are
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25 information retention capability cannot be ensured in - 103 1 ~UL
20D3 point of the gate oxide fil mthickness when equalizing the gate
insulating filmthickness of the nonvolatile nmenory elenents to that of the
M S transistors of an external interface circuit as explai ned abdMeﬁﬂtW@35

information retention capability can be enhanced still nore in such a way
that the nmenory cell in which the nonvolatile nenory el enents are connected
inthe |l differential formis adopted, and that, as described ~:~s "~wJ~

before, the initial threshold voltage of the 10 nonvolatile nenory el enents
is determned in relations to the sensitivity of the sense anplifier and
the word line selection voltage and also in relations to the high threshold
vol tage and | ow threshol d vol tage of the nonvolatile nenory elenents. 15
Oni ng to theubbbdiaeded8nWRirknarRassi n§he- raptrodatieipr dpedydesciRms
single-layer,golgsillcon gate process, it 1S possible to ohtain a
sem conduct oS RFBGFAPBITERLSHRE £QcWhdAShs priogRamsinst RGP ishe ~J
nonvol ati |l e neno g gaknﬁ excel | ent i@ the data 20 retention capability is
mer ged and pﬁBRB£ W FR™aPPRAVAR: BatR, PfhaR OPSTAL 10%e SY atile nenory
Ut ot nBPbLELY £08-08 18" TR WILIRMAMLG 130k A M Ad LA BT At
as s nu# B »

manuf act uri ng process suc andar actari ng “process, the

present 25 i DyeaLti@foh$ hRAThLYraRRlibAdakR AR L Fhildh Witudd G e 104 31
JUL 2043 nonvolatile nenory and a logic LSI, or the nonvolatile nmenory and

a DRAM are nepgegduebionsckageddoninatnedenkicealotgon Geadeelar ssupstrate.
Accordingly, a systemLSl in which a flash nenory is nerged and 5 packaged

can be providenenatéoutonncodasiggalbhefoasthe execution unit, and
| so forth. The execution unit is coupled to tﬁe
address.bus 315, data bus 316 and control bus 317, and
10 it controls the output of a selective address signal
to the address bus 315, the output of a selective
control signal to the control bus 317, and the
input/output of data through the dqta bus 316.
Accordingly, the CPU 310 controls the operation of the
15 micrdéomputer 301 entirely in accordance with the
program data or the operation system program stored in

( the flash memory 311.

The DRAM 312 is a read/write memory of

i
i
N

comparatively large capacity which is utilized as the

20 work memory or main memory of the CPU 310. This DRAM
312 has a large capacity of, for example, several
gigabits in correspondence with the large scale
integration of a system. The memory cell array 312MA
of the DRAM 312 has a redundant word line WLdR in

25 addition to normal word lines WLd_0 to WLd_Nd. The

- 76 -



of manufacture. | - 105 31 J UL 2003 Wat is clained is: 1. A

sem conductor integrated circuit device on . a sem conductor substrate,
cenpr.i sing: a nonvol atile menmory which conprises a nonvolatile ey 176 |
including a pair of electrically programuabl e nonvol atile nenory ‘el enments,
each nonvol atile nmenory el ement having a source, a drain, a floating gate
and a control gate, the control gates of the pair of nonvolatile nenory

el enents being coupled to a word line, the drains of the pair of

nonvol atil e nmenory el enents being respectively coupled to a pair of
conplenentary data lines, and in which information itens read out on the
pair of conplenentary data lines in accordance with nutually different

| ogi cal states, of the pair.of nonyol atil nory el ements are anplified by
a sense arrpl?ﬂ%‘??l%egﬁmlﬁaéﬁl 8¥t PBH“‘égI frinés(é‘é E‘I’?“ﬁ%yaﬁﬂli]e‘dn?ﬁethe wor d

i f h f inf ' f h lagil

el brrent s 1 o COBREEn TaI FOPCRRERT SCHOFT annem ALA-T APodhik dtol tage of the
latil ‘ [0 t ' f h

nonvol at | o Rorey v Gr RERPELLBTEERALAT 897 BT EAMGRE SRR i Conduct or

region of a g&g &@I‘ﬁugéi g\!!:&?léarp@o"‘@hﬁhréﬁﬁnla%?&\{:i URed A id Nird

sem conduct or redl on of first conductivity type in the sem conductor
substrate; whede] n e ddwatidghgahe @it eesbmRAYS! 8k LtRe"RBRBY-yel enent s
formed of a conductive layer which is arranged over a channel deéfined
bet ween t he sellsearadcoinplddato, bitir biigbsaBiidr 9t tgabed meul ating film and
wherein the control gate of each nonvolatile nenory elenent is forned of a
fourth sen chltheugh neyiespediahbysétdndtranddst ithiet pittyddnas t he
seiri conductor_ substrate which is arranged under a portion of the conductive
| ayer ext enddel£® ofR tHed 1M Rah g2 ghebdedhbéligh ines s&aHgtyate itsul ati ng
film 2. A senmconductor integrated cjrcuit device on a_sen conductor
substrate, c‘%h’p‘? scl?f’gY %r‘ﬁoﬁ?/gﬁiﬁ‘%ﬁ?%c %?9“&/{1?8F?sgoﬁ‘ﬂ‘r‘?il +&F Svonvol atil e
menory jGf! | hRElyding £iRal Talh 61 £5ELANNY JREOGLANTRRLG Nonvol ati | e
menory “el enent’s, each nonvol atite nmenory—el enent ﬁaV|ng a M'S transistor
including a &Hmidh ® SPUESRnandaacd | pahbnglgabecnzddqh §ORENActe, the
control gates of the pair of nonvolatile nmenory el enents being connected in
comon to a vad d |taeySd hed dr aimtsidefnttdiel pai thef dvh&nic amemstrgr s bei ng
respectively coupled to a pair of conplenentary data lines, and in which
control infcrekkioiclodes 31caparita0os ebadeslt whichhetpaies of
conpl ementary data |jnes in accordance with nutuaII% di fferent |ogical

e

states of t HEMRERAGIOMOFRGFSERt 2RBnBr §SEPERBANS Mare tARPRSERT al | y
anplified by a sense anplifier, erein_a. difference voltage. between a
selecﬂﬁ§1\uﬁQ¥éh;%ﬁﬁd% T EppITe ?6ntﬁat&0L8%VFﬁg'98F Fﬁ%ﬂﬁﬁ%)%e of the
i nformation cf@atﬂi)é’tcaféé)é&ﬁ'r?cé'oé'i’&héﬁt' SnHPEREY B eTRBLAARY And i ti al
threshol d voltage of the nonvolatile nenory elenments i's a voltage snal | er
than a vol t agenam £lid WwHose gapatevedtageer aggehw skilectiiosh dleense
anplifier is subjected to a transient response operation, wherein the
source and tie chbuwpledfteacthe MeSrrespending woedf dimed of a first and a
second sem conductor region of a second conductivity type which are
provided in a thirAnesdad corrIee? ¥igesnwbd_§ £pr¥Ldc¥Adasd vity type in
the sem conductor_substrate; wherein the floating gate of each MS

transi 20r iEeGHIARLE ITOEd chpgYPIR LaypleRited PY &y SnG&FBRF a channel
defined betwee he sourc nd yhe drain, t ugh,_a {Lrst .gate insulating
film and vﬁé %Sf[% t I?é’ecood‘te rtg\e &étsee]tﬁcqé%%% Q%ﬁévgl E\d %%dﬁéﬂm"? el enent is
formed of a sem co CLQr L oQ,,0 h d tiyitw type in
the sem cond%lgéﬁo#}p%u%g%tgajt)gyﬁlﬁclsﬁ{?géa?YaEB]gd%&%@g%%a O%g::zjﬁtgré%fat t¥1e
conductive |gyesgextensed. framided latingeg8t6odt PAOFEH . a33e¢ond gate
insulating film 3. A sem conductor integrated circuit dévice according to
claim2, whetedéts | headhit dehs Ystih§es Enthbogieglrysicallas safrdyhes paix  of
nonvol atil e nmenory el enents are determned by a relatively Iow threshol d
vol t agesst atendftlomey cfelbetonavisdt 01 eosYSENBKY, elrerelilsposedt ained atively
hi gh threshold voltage state of the other one of the nonvolatile nenory

el enments: and the initial threshold voltage is a voltage which is

approxi mately an average val ue between the relatively |ow threshold voltage
and the relatively high threshold voltage. 4. A sem conductor integrated
circuit device according to claim2, wherein the floating gate of the MS
transistor is fornmed with an inpurity gff the first conductivity type.




5. A senmiconductor integrated circuit device according to claim4, further
conprising: a volatile storage circuit in which the control 107 3(J Ul
2003 information read out fromthe nonvolatile menory on the pa@q i 2003
conplenmentary data lines is stored; and a volatile nmenory which conpri ses
first volatile menory cells and second volatile nmenory cells and in which
one of the first volatile nenory cells is replaced with one of the second
vol atile nmenory cells in accordance with the control information
transferred to and stored in the volatile storage circuit. 6. A

sem conductor integrated circuit device according to claimb5, wherein the
vol atile nmenory is a cache nenory connected to a central processing unit.
7. A semcon . lnt . Gl it deyice. according tqg claim4, wherein .
t he nonvolat?#ééggﬁggygg%ﬁéﬁgﬁ F%Sg %3r§x8rsge oPg 3%ea%5F8@f5%hable | ogi c
circuit whos L nf or | 0 L nes .put Lagi.cal  f tion
correspondingoﬁégéﬁg?%g%f.HE;hA?sgﬁggéggﬁgtSﬁgfggégﬁa ggggi?ghﬂ#ﬂ%evice
comprising: @ dBEBAY: 3 1Ry VRhENhaCkUdESoaep! 313! HsObekisinarpl ali | e
menory cells and a second volatile nenory cell; an electrically erasable
and programa®t é‘PéWPx'lﬁﬁt{:éd%ﬂ@%ﬂttédw@b?hréﬁnth@ cbRfmenhMden for the
menory array is stored, wherein the electrically erasable and programabl e
nonvol atg | e peneryl2ce! uges-Bipl unbtsty wifisé ngheal byesuppl eedenory

el enents, each of which conprises: a MS transistor with a gate el ectrode
as a fl oati nfromtehe adaeai bonddité otoragiahai hufiferniddénducaavd substrate as

a control gate, and an_insulating filmdi sposed between a conductive | ayer
ext endi ng f redd-R NPl bbiehgd H2aMR driveRetBenbibnddBesr thEgueh theol atile

stprage circuit in i ch, cont information stored jn the . nonvolatile
e i o § PR SR LR e B ohatt] FreoRraHe! Pkbnthe ARERr o | si gnal

forioiving cpEmnds | o Rl \Aladdly AARSIA O eladfadifgal e contro
information TToni the nonvol atile nmenor and‘an’ppera i on witing the
controly g nf RSt O O LOR ¥Rb AL °1 2485208 EPECHbﬁ\inoYi’”ﬂra%'a” 19N Of the
plurality of first volatile nmenory cells 1s replaced wth the second
volatile memprycreld ampBLEDédapgecetfaiheafpifobri BLoMABL lagvd transferred
to and stored in the volatile storage circuit. 9. A sem conductor

i nt egrat ed cihewnpltfied detcar s nguitputtednt8pmwhbeedatahbudde ol si gnal
is a reset 108 31 ~~~. 2003 signal. 10. A sem conductor integrated
circuit devit2RRCER ditRy) 435218 B6wherein the nenory array incl udes

menory cells of a _dynam c_random access ry. A sem duct or

i nt egr at ed circmiﬁkﬁ§h(ﬁ§eﬁhﬁnQﬁ5ﬂf CV%£§?£+é?s&ﬁ%?ePng?hﬁgae y array

i nclud menpy . f tad L c cges i conduct or
!ntegrgg%d 2?%éﬂ%?bﬁgv?égf%§p€$%i%%f%%eg%giﬁ?lﬁ?gﬁggéépﬁéﬁﬁeeﬁgﬁg1y array
is a cache nefmd Vwrds, fs%@ﬁﬁ'ﬂh’@&%y'ﬂhégf:éﬁléd?(lﬁ.h%kha@@blrﬁe accordi ng

to claim9, wherein the nonvolatile nenory is configured of nmenory cells

whi ch are catdesd iin atlte f frasmtmetofwr 312FM. The remedy
( _

) information stored in the flash ﬁemory 312FM is loaded

h into a remedy address register 312AR in synchronism

20 with a reset operation which is based on the high
level of a reset signal RESET used as a control signal
for initialization. The remedy address register 312AR
includes a static latch of a plurality of bits, and it

latches the remedy information outputted from the

25 flash memory 312FM and supplies the information to an
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14. A CMOS semi conductor integrated circuit device conprising: a nenory
array including first and second volatile nenory cells; an electricall
programmabl e and erasabl e nonvol atile nenory which includes a pl @lalll tillof
menory el ements to be stored therein information for the menory array, the
i.nformation including a plurality of bits, each being stored in a pair of
menory elenments in the plurality of nenory el enents, and each nenory
el enent being a single layer gate; a register to be latched therein the
information in the electrically programmabl e and erasabl e non-volatile
menory; and a control circuit which controls reading operation of the
el ectrically programmabl e and erasabl e non-volatile nmenory and witing
operation of _the register, .wherei.n one af. .t first volatile nory cells
i s replaced ﬁﬂ?ﬁeﬁﬁec8ppfﬁés§@bSﬁf%ﬂﬁiﬁ%H%gg;%ﬂnﬁﬁiﬁﬁ?iei%°a€68rdance with
t he |nfornathggh;?ggaﬁeg%th%prﬁg%tr@@éﬂgy.RégiquA CMOS semi conduct or

ui r cl-ai m14;

integrated cir devi ce according to Wherei n each nenory

element has a floaghag eheCbadRARS ehfdlySiAd G rlAYSI, 93l & ANtk

g a gentro

el ectrode formed of a sem conductor regron in a sem conductor Substrate
where the CMD§ ée%ﬁeeausﬁ% ant@ur AlRE-Hs GidnLeVE LS | Bnd C4HBFesk09 3
gllil 7003 16. A sem conduct or accordi.ng to claim15, wherein

control | d byugfeeset2aBgnaly. thet aduaiesd GonPHrdidayiEerddiet conbael. circuit
is 17. A sem conductor integrated circuit device on a sem conduct or
substrate, c®hpni thagreanlitnodr mhle CHpalrdgion cis agteedent, i acl udes M S
transistors having gate electrodes of a first |evel polycrystalline silicon
| ayer; and adeteetiencabiibgpapgr ddReniebbetant diogsiatale wedmeol“atl | eandnory
which includes meppry cells each having a pair of nenory el enents, each
menoy y eIeneFPeiﬂgBE§§n5r3 FPGaPFnSO alovalpe 114 st e pol ycrystalline

eory € : evel’ poly
em conduct opediief, $82kbTand b Beir BeARREET S af € F B LRE e ce
accordifg to,elai fhd7aqubessi 8iEHa1ME LhANSIYss Hyd Na 4 tr\;]ngna?ghﬂvos

logic circuit have gate insulating filns which are thicker at of the

nenory cel | sthd%addreesi bafduet 9N 2nRt eghat @thesl Iddddddl i€ s @ssPLidENg 0
claim18, further conprising: an external input/output circuit coupled to

t he i nternal a@f8s$ ogignalrculspeabal by nthéeXedeepdelr BARXD/ out put circuit
has MS transistors having gate s insulating filnms which are the sane

t hi ckness of 4g@a®@es nshfarPHgafArAssof ignalndmeny e |address SwEReEonduct or
integrated circuit device according to claiml1l, wherein: the nutually

different | oyl ¢dP ¥haRekhsr dERECHAPR SAIRGAV I Sr@RIRs O iR s are
determned b at i . : I t age .St at f_.on he

nonvol atil e %r%%ro%%e{:%%é%%%ggﬁldggggéggt g&\g?{? %%gh €ﬁrlgos(':icwiociag]'\E‘/\_f) _%%e state
of the other.gnespfnt bgiAgNUeLalirkemEBID! WhRRRNtS Andididitedi al
threshold voltage is a voltage which is approxi mately an average val ue

bet ween t he fedmtdeebgihguwehbr estiohddrekssagd qavad tivent edtsd iaddyedis gh

t hrleshol d vol tage. 21. A sem conductor integrated circuit device according
to clgjn11, bmEfern31RbBf ppdt ERdegisetbe sedundantolward elimedfEdR| enent i s
formed with an inmpurity of the first conductivity type. 22. A sem conductor
i ntegrated cirgueaddgehepethepodetection signal 3124 is the logical

20 value “1" signifying the agreement. Thus, a memory
access concerning a faulty word line is replaced with
the operation of selecting a redundant memory cell
concerning the redundant word line WLdR.

The internal timing control of the DRAM 312 is

25 performed by a timing controller 312TC. The timing
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31 ilil ?p~. 3 according to claim?21, further conprising: a volatile storage
circuit in which the control information read out fromthe nonvol atile
menory is stored; and a volatile nmenmory which includes first vol Hh?ﬂ$3
menory cells and second volatile nenory cells and in which one I rst
volatile nmenory cells is replaced with one of the second volatile nenory
cells in accordance with the control information transferred to and stored
in the volatile storage circuit. 23. A sem conductor integrated circuit
device according to claim 22, wherein the volatile nenory is a cache nenory
connected to a central processing unit. 24. A sem conductor integrated
circuit device according to claim2l, wherein the nonvol atile nenory

i or mat | on GETBIH 16 %%fﬁtﬁ%té‘r@%f?%? "VEhbe PERORE: FEARBRG NG T an
TPt 25 Asert COINLOl | IERTA S oL YoV AeCay REM conductor

substrate, conprising nonvo fir e menD y cellls each

[ nol uding a @l gl 181LT] Cﬁ.lAa( 8500 3TRPh © 9R8VehEhi bR _HRHREKC! ement s,

each nonvol é nmenory el ement having: a solrce of "a first sem conductor
region of a did8d1 ONHIGI Vit Yy REE | Bifs SPEQRRd88MhEORIMEM8Yy €gi on of a
second conductivity type in the sem conductor substrate, a draln of athird
sen conduct GfeXY&gt ton af idreel f i f150m colielugdldiveééy bupe3iln.t hehewcond

sem conductor region of the second conductivity type in the sem conductor
substrate, mdlectigutaef itisulcpéerarionnoli sheskAAMYEl2aishdanekteeyi on
defined between the first sem conductor region and the third sem conduct or
region, a flRiatihey Yainpicantemblrx i Ye2TGyetheveirenatsi pét thst &
insulating film _ and a control gate of,a fourth senlconductor regi on of the

first condut§SAEF tIfl P%re %ﬁﬁ&ﬁ&ﬁ%ﬁ'sﬁBsFPéFeWQﬁPCH Bs arranged

under a portlon of, the ¢ nductJve Ia er_.ex fron1 h ting gate,
t hrough a sé'ﬁﬁf zﬂ%?%ﬁ%; |*§ %EH%F%% H% 5838|§a P%ifhe pair of

control; sgat g5, fstj.:J}.eecpal f&fmﬂ rdfaéﬂé( éxR&f? ?hesa%aegat"e menory

elenents a selection vo tage ich 1s applied e word I'irne for the

pur pose - of i g¥ci NetHHIm rthédeémdﬂ‘yOr&éiIE @ﬁtiyoﬂliﬁi is3dudpkktted003
electrically programmabl e nonvolatile nenory el ements being substantially
equal i zed t cartheiddata l:tdwé?sltﬁ)lidmmigtagen@fmaha pmplibiesr| 83teMAcal |y

programabl e nonvol atile menory el enents; a pair of conplenmentary data
lines coupl &6 tielh@sirtdinsiasia (et kax 3 bIDR} eapd EhPFyWBFBgFﬁﬁmabl e

| | | fi f
ot i on P onara e e et WP bherkretr, SMBpalli nds | n
accor dance th%&adétya di f f%%eA ogi£d! ¢ é%saoeg &Qf%pggieefced

nonvol atil e el ement’s nlcon ctor egrate cClrcult device

on a sem COfﬂQﬁﬂ thi‘ritiﬁtﬂl?é %nemyordéipgar@ayow@mt | LRrBRERr ¥nwhi ch
conprises a nonvolatile menory cell including a pair of eléctrically

pr ogr amraebl eiatenvid Bidrt S IBDEras efelE s, tie@cha DansmpaiEierm oMy .el ement
|nclud|ng a MS transistor having: a source of a first sem conduct or

regi on of a first HenGRAM Biltdy itsyprtid ized asecandigenspeadudteessegi on of a
second conductivity type in the semi conductor substrate, a drain of a third
seni conduct SERAG o fF PHEELS st CRIATERI F{LeyPE datanBud€esnd

serm conguot ol fl W o i SN ON WAL N VOS] ML, SpgR AUt o
of the SRAM 313 has a redundant word line WLsR in
addition to normal word lines WLs_O to WLs_Ns. The
selection terminals of normal static memory cells are

coupled to the normal word lines WLs_0 to WLs_Nd,

25 while the selection terminal of a redundant static
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a first gate insulating filmdisposed over a channel region defined between
the first sem conductor region and the third sem conductor region, and a
ftoati ng gate of a conductive |ayer over the first gate insulating film
and a control gate of a fourth sem conductor region of the firﬁt L
eonductivity type in the sem conductor substrate which is arra dé& nger a
portion of the conductive |ayer extended fromthe floating gate, through a
second gate insulating film a word |ine coupled to the control gate;
conplementary data lines coupled to the drains of the pair of nonvolatile
menory el ements, respectively; and a sense anplifier coupled to
conplenentary data lines for differentially anplifying information read out
on the pair RénSPPPLEIENi & ¥obpiaa! tBeéhbanEGH&Qf}@C%o%t Himg ual ly
different |logical” states of the pair of nonvolatile nmenory el enents,
wherein a difier enghe/ ddtrge diRivean: pus et &6hi AN & b £ agge WBLERiES appli ed
to said word line for the purpose of the information readout fromthe
nonvol ati | e memery déPls &de Jcdhipl@@08oetenmphementdrgnbiiti tiidlest hr eshol d
voltage of the palir of electrically programable nonvolatile nenory

el ements i s BLw00 tageBEsas er THersteatvind tregmory didil bf immludesat avol t age
range within which the sense anplifier is subjected to a transient response
operati dn. 2f7lip:-Ekop contitietdhores egnfocuatiosuthedeinceand @ gatironduct or
substrate, conprising; a logic circuit; a nonvolatile nenory; and an
external i npfuf /SR PRELRR LT t L TRRT 25 ROERI YhABRVBPRECRe ~nBKBAP conpri ses: a

latil I t i.ch i t ted . b L ectricall
o7 007 ammmbl ERYE WS TTART LA ARG GO ROrERET §hi LHEPREOREEYY ansi stor

having a soyge. ane acrfé aflpié)-fffo efgﬂ&dtﬁé?”98?£é¥b5}{dixpepﬁ‘iﬁc”%% In.a
semggonductor region of a Trrst conductivity type; a gate-insulating film
forfgd on a chippmetertalinasi et ieed 4Re sRYEEeqand bhecdraies ard @
floating gate forned on the gate insulating film the control gate being
forned 10f a tgexi serettcion tegmimabéd arsecoapgledndoctheity type formed under
an extension portion of the floating gate through another gate insulating
film and togeespimdinatword f1ime. of Theheeomphenexttd ey nehoriseenent, and
a gate insulating filmof a MS transistor _included in the external

i nput / out putBIeg L& HeldS G FRPREF VLR LRI CORRRRNE]SBSCOPRONA

ut / ou _ oM RS _ ! S i th
mtual 1y i AR e S Rl et FalEeeets [Retoa Fe PSRN at e
Temory el e J¥ et ethdy s oh akh viky kevanli eshalidane! tage state

of one of the nonvolatile nenory elements a elatively high threshold

vol t agg sst atyf 1iee aithat ﬁl%é’ieé{l@dn\s}:ﬂvﬁ)ﬁaiidiécﬁaaﬁr y1ekenendge and the
initial threshold voltage is a voltage ich is near an average val ue

bet ween t he afeltdie ielselawdly e5$wm| @ vol YageMsanilst heoughat dneby ifisgh
threshol d voltage. 29. A sem conductor integrated circuit device according
to clai m 28,0 whaks hibrighe degpded Drakpeh efheasénfieendast d13¥bst rat e,
wheérein a gate jnsulating filmof a MS transistor jncluded in the DRAM and

t he g te inshit &t n‘ij’ R8¢ e PRt _S“t"f“éngi Sdoidd T"lé?ﬁd@ﬂnﬁ ASERBYeLier nal
i nput7 out puty ci rn?éjnkgryh%veelfua{)?}%'tﬁﬂﬂ g94al Ly CKNESES y s YSs 0

20 to ¥YSs_Ms, are disposed in a direction perpendicular

to the sheet of the drawing. Consequently, when a
selection operation based on the X decoder 313XD and
the Y decoder 313YD is performed, data are
inputted/outputted to/from the common data line 313CD

25 in N-bit units. Write data is supplied from the data
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113 31 J UL 2003 30. A sem conductor integrated circuit device according
to claim 29, wherein the thicknesses of the gate insulating filnms are
substantially equal within an all owabl e range based on process deéi aﬂll%lﬁ
31. A sem conductor integrated circuit device according to claim E}
wherein the gate insulating filns of the MS transistors constituting the
nonvol atile nenory elenments are fornmed to be thicker than a gate insul ating
filmof a MS transistor included in the logic circuit. 32. A sem conductor
integrated circuit device according to claim 28, wherein the floating gates
of the MS transistors constituting the nonvolatile nenory elenments, a gate
of a MS transistor included in the logic circuit, and a gate of the MS
transi stor iRclu [ h ter ' ut ci ' cqed at
substanti al | )?a%gq(églf% Ifr’:al I‘h t%ﬁ?)ék%élsr}?eesﬁ %[!E& Sa&#% caon%%rﬁﬁﬁ%gégggﬁed
circut devieqRacodiag ke bdtMahed Al Nd | Qitidig gates of the MS
transi stors constituting the nonvolatile nenory elenments, a gate of a MS
transi stor inghgdedsich tiheakbedr@afidec W ith Eatimmit tdged] S fd apsi st or
included in the external input/output circuit, and a gate of the MS

transi stor i dettadedadouthepeitAMiang frevawttatdaidh tratismdtyedgabmf il m

t hi cknesses. 34. A sem conductor integrated circuit device according to

cl ai m 335 whéhe bitthd inlesc koesdes coimmdre dyetae liimeu|3Ht3icmy Islns a
substantially equal within an allowabl e range based on process deviations.
35. A sem conagpdiigriednbygtiectadinr ampl ife\dic 8 13§ rd cdreluct or substrate,
conprising: alogic circuit; a nonvolatile nmenory;_ and an_ external

i nput / out put aBPAdfiied @REpeilf CHEPHSTRS dfhame thendata diprieess h3DB

nonvol atil e ne el | ich,i.ncludes: a pair of nonvolatile nenory

el enent s eacﬁogg‘ﬁ’%g%é’&ﬁs Pﬁc?ég'so as to be electrically programmable by a
M S L ansi stor andyg;eRnbEotndahBinhie Mrd LAY S PUNGriOnEed with 2
source and a drain 01} a second conductivity type in a sem conductor region
of a fifgt cerdyebivicky Wiks taedsalddion® Paite eiumiaianierqdefined
bet ween the source and the drain, through a gate insulating film 114 31
JU 2003 theldaet Wwolsrgatie Hetegmiaeded nofacecxeiancenduiciorthegremedy t he -
second conductivity type formed under an extension portion of the floating
gat e throughinformetigat stpredl ani fyef iBlashamenaryviIdFM he Tentrol gates
of the pair of nonvaqlatile r_rermré el ements are _connected in comon to a

word |ine, wRPREdr 4PASTBRLERR FAPrest M ShS fash Hamork thifelSto a

pai r of conplenentary.data_|lines; the naonvol ati.le heing so operated
that infor mab‘PS‘ e!dté' °r éaﬁegﬁgyo d?ﬁee S‘airrego téa(:)trrp € Iyntlar?y data lines in
accor dapge Wil KLY Wth! ehentssUteeiahd ol A Aeped hnpai 1 of
nonvol atil e nory elenments are differentially anplified by a sense
amplifier; atdef h@gdngeveal bagehbetresen & isRlACIHESENO! Thge renieaty i s
applied to the word line for the purpose of the information readout from

t he nonvol at aHdressoregdserentd 3aRd iac livdas A statsighdlakalolefige of the
nonvol atile nenory elenents is a voltage smaller than a voltage width of an
i nput “yol t agpluzaddtyi Pk RikfcBthdts hasp (b erened®ubj ected to a
transi-ent respanse operation; and the gate insulating fil f th

nonvol atil e ﬁBFi}‘a§I18ﬁeﬁP§?“§gﬁga LIom Fﬂ}%tﬁ]ﬁ%mg“%“}qu oﬂsaal'%ﬂ/l a:f“gr ansi st or
i ncludeg . in the ternal . .put .circuit Ve S tially equal

t hi _cknegges. sgg?iétege%ﬁgoﬁggg%@%%ﬁﬁﬁeﬁ%ataend agic{r}%‘usist Cﬁ@%@'%@(‘:ordi ng to
claim 34, whetelld 930t yat sl ot i aenal & ali age siates of the
pair of nonvolatiTe menory el enents are determned by a relatively | ow
threshol d volktage stian@10Rkegre.of the nonvolatile menmory el enents and a
relatively high threshold voltage state of the other one of the nonvolatile
menory el enments; apdehhehenibadedt keardyl dnfolragedrs i waliade ishich is
near an average val ue between the relatively |ow threshold voltage and the
rel atively hiighcompesied #¢itdl hagew 3ddresedicomluciorm i thegddedssircui t

devi ce
25 buffer 313AB, by the address comparison circuit 313AC.
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according to claim 36, further conprising: a DRAM on the sem conduct or
substrate, wherein a gate insulating filmof a MS transistor included in
the DRAM and the gate insulating filmof the MS transistor included in the
external input/output circuit have substantially equal thicknesses. 38. A
sem conductor integrated circuit device according to claim 37, V\Aaqrm't mgdshe
t hi cknesses of the gate insulating filns of the MS transistors
constituting the nonvolatile nmenory elenments and the M S transistors of the
115 31 J UL 2003 external input/output circuit and the DRAM are
substantially equal within an all owabl e range based on process devi ations.
39. A semi conductor integrated circuit device according to claim 36,
wherein the Waee theutasuhy 6l theotomparlikdnt iansigdesmemuonst i tuting the
nonvol atile nmenory el enments .are forned to be thicker than a gate insulating
filmof a Mdeteavsostoignat| 8tlad is tbe hagilegdicaduivialuél.” 1A ,seidonduct or
integrated circuit device according to claim 36, wherein the floating gates
of the MS ttk@spthers ééﬂs’é??uﬁtngogﬁtéaﬂloﬁ@éluét i”I0¢ .ne®beyXel enents, a gate
of a MS transistor included in the logic circuit, and a gate of a MS
transistor i9RFERE 3 h3¥PeaRdt ERRaY ARPAELEULRGY Deidr LisuPRld &br ned at

substantj al |y, equal fi t hi cknesses. 4 A_sem conduct qQr, _i nt egr at ed
circuit gdevi%’e‘s‘el?:lc@b? d'?“%n@?%s cfé?ﬂf'g??fv\%g?eraﬁsfﬁésf E’b‘é‘t I%H'& d"&i‘&“%@ the M'S
transi stors st i i o] ti y €l nt,s., t.e.of a MS
transi stor i%g%]ugdae%y%éngtg%‘??%gi ?:]Yg%‘rgbu%ﬁdngﬁggt 3%8?’%% ﬁlg t%rugﬁjgi]s?‘%r
included in fhier&xd inptﬁgﬁ% 1y €6l k88038, 931 §xpf the M S
transistor included iir;@é?le DRA arfe}% ofmad at substaﬁti aﬁ(y equal film
t hi cknesses.ddi@odds smécmwusa@fe'sgtegﬂﬁwdf@bmcuhte derdres sagRE Mg to
claim 41, viherein the thicknesses of the gate insulating film of the MS
transi st ors IABTEH ivhen Nché hdeboovdbat sEgnakmityoekappatisdatidothe&nd S
-transistors of the external input/output circuit and the DRAMa
subst artd al |3AdKRRS ANPATLION oF LEXALEe3 L ARG lBashe dRIicadeyaldwi ations.
43. A sem conduct or Jntjggqr aéed circuit device on a sem conductor substrate,
t ’

conmprising: @1 cpeEh¥ 1829EReBeaty | WNRERBSy Ltand dRbabidash

i nput / out put i [ cyj ' til i ses:
nonvol at | o HEbrr b R 117, SSReE, pafadinrhe S e Bheah  car 1
programabl &,y M1 A8 a5 S§Q1ecfd eneopbaghadatewodae1Vha wajsi stor

being formed with a source and a drain of a second conductivity type in a

sem conduct oindtesH P Rwidn e reérEOPIURt E¥hhX1t ¥P8¢ 3Bdtaef iBglicAd gate over
a channel defined between the source and the drain, 176 31°J UL 2003

t hrough%a gataluensill‘atdignifyimgt bee cagreenegite Peung & onemdrpf regi on of
the second conductivity type extension portion of the floating gat

ate
i nsul-ati ng fA9GRSARPRIRFRERS R nSUPHEY nYOFd| hdnBf iﬁhé'ei’lééﬁidcé)’ﬁgd"bt or

f or med underthan t hr 0@{1 ano hseé

€ operation o lgg%fng a redundant memory cell
{

N concerning the redundant word lirde WLsR.

7 The internal timing control of the SRAM 313 is

20 performed by a timing controller 313TC. The timing
controller 313TC is supplied with strobe signals, such
as a read signal and a write signal, through the
control bus 317 from the CPU 310, and with an address

signal of a plurality of bits regarded as a memory

25 selection signal, from the address bus 315. When the
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nonvol atile nmenory elenment are fornmed to be thicker than a gate insulating
filmof a MS transistor included in the logic circuit. 44. A sem conductor
integrated circuit device according to claim43, wherein: the nutual

di fferent threshold voltage states of the pair of nonvolatile nennﬂj.ﬁl?mﬁ
elrenents are determned by a relatively Iow threshold voltage state of one
of the nonvolatile nenory elenents and a relatively high threshold voltage
state of the other one of the nonvolatile nmenory elenents; and the initial
threshold voltage is a voltage which is near an average val ue between the
relatively low threshold voltage and the relatively high threshold voltage.
45. A sem conductor integrated circuit device according to claim 44,

f th i S |- ay t tq, i t
Ul ati ng 111 ape0n BERS S0 SETRAPAT EAT SRASE AR, e, MV RG22
substanti al | yppatigd ¢ tnif@tcOfctber gt §15m8Ul ahbng ik 0b ¢ g S

transistors constituting that nonvolatile nenory elenments within an

al | owabl e ranggch@dse B DIKPI PECSSafeVhati0Ated46s0ALRAH GRRMUGHY i ntegrated
circuit device according to claim45, wherein the allowable range of the
gat e i nsul at i msadoutn dpe ckiniss ess bdsetignatelebpr ehesseddvisdignals, i S
approximately .+-.0.5 nmrelative to a target filmthickness. 47. A

seni conduct orthentstpreddinfoondtiomve tethecnenony teldl aethedtedrherein the
floating gates of the MS transistors constituting the nonvolatile nenory
el enents, a dateamdfitthin $he FRMRY¥Hroeehe| ageayi ﬁlgﬂé Lsghutputddd , and a
gate of a M S transi stor .incl udgd in the external input/qutput circuit have

subst anti al | yv@ 935 & S stk WFRFPRIBNtAR| 8RRBPcAPRAGE 16KsEd 3SR process
devi at i . 48, A i d int t j i i di t

o mag, whaiei Fe T G i atLERER" FRabRe bl FBELEPBRC TR [ it Pig
the honvol at idﬁeiﬁ@rageyrawon £ deshdn2003 Y CERA! 9ri808lEn h saild MS

transistor includedin the logic circuit, a gate of M S transi stor

includedo n tigp et N td Nt PRl Cht6Uthe Mefoaydabelokellbe tMdS

transi stor included in the DRAM have substantially equal thicknesses within
an al | owabl e o evicdsied e preamesys cell adroag. 31IMAA skrbaghdidieor -
integrated circuit device according to claim48, wherein the allowabl e
range of the dphide Buifgn R1ad@fsses based on the prdcess deviations is

approximately +l 0o relative to a target filmthickness. 50. A_seniconductor
integrated circuit %%@%‘c&ﬁ“ﬁ% HIGFIHARS 3 JRERRFY cBBDLi sing: a

vol atil e st or age i [T J i r i out fromthe
nonvol atil e r?ermr@ :filgllp'lspt olfr{e1 ; acﬁtg %%%‘F%r?%giﬂeﬁ%%gaﬂ#‘%ﬁgﬁnc| udes first

vol ati | g sMenGyon il d i 18 GOk &0l At A &h "BAPLXg CE| L8ndPE1I §ai ch one of
the first volatile nmenory cells is replaced wwth one of the Second volatile

menory cel | s dmi ac diradamniosy Wadte tawe cantavded nLor vhei shapeansfarred to and
stored. in volatile storage circuit. 51. A sem conductor integrated circuit
devi ce accor diatgrie cHairs,50hennonyiol athid e glemady gmehbriyas stiecache nenory
connected to the logic circuit. 52. A sem conductor integrated circuit

devi pé accor G Y ameplagnedi wliherpbarenaei te FegdrySconstructs a

programabl e J ogi c-gircuit whose stored information deterpines an out put
| ogi cal funct-)i'o%”bd’f‘if’é’gbd:rﬂﬁ ﬁbmi"oc’]a"’htjrﬂ?)u‘[‘?m%@.’ ﬁfgﬁﬁf‘ Bng]éet &PIM&Cegr at ed
circuit ,devi 1 qng >t 3 . LSLRg. logic circuit; a
nonvol a?ﬁ e (irrlrea"arr‘%‘rrltlyéi %%Erjnsgln %eﬁ%?yﬁ%%gﬁ%gﬁgpé%?%% ?,rgvvherei n the
nonvol atil e FRIAHMCHNH S8 fneswvahatiil esgppory cell which includes a
pair of nonvolatile nenory el enments each being constructed so as to be
electrically progran@hlendyy @dU1S 416451 1 A algl @s€@nhsohngatea

for storing the operation programs of the CPU 310,

etc. This memory cell array 311MA has a redundant

25 word line WLfR in addition to normal word lines WLf O
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the MS transistor being forned with a source and a drain of a second
conductivity type in a sem conductor region of a first conductivity type,
and a.floating gate over a channel defined between the source and tﬁg UL 7003
drain, 118 31 J UL 2003 through a gate insulating film the contr 1 gaz

" being formed of a semiconductor region of the second conductivity type
formed under an extension portion of the floating gate through another gate
insulating film and in which the control gates of the pair of nonvolatile
menory el enments are connected in conmon to a word line, while drains of the
pair of MS transistors are coupled to a pair of conplenentary data |ines;
the nonvolatile nenory being so operated that information itens read out

fromthe nonvgl ikl MKy &SiLrODt Qatbe aﬁi {meﬁ\a opBLeBRALANY data |ines
in accordance wth™nutually different threshold voltage states of the pair

of nonvol at Ixh@maﬁyvéémgea?etéoaggeal theraat indlrns 12RR)Yd i18thdy a sense
anplifier; a difference voltage between a selection voltage which is
applied to tiefwortol Wn€ N6y whelpuepeseoat rolle gatfeolomtad afedfradtont from
the nonvol atile menory elements and an initial threshold voltage of the
nonvol ati | e memeojatibeenesory aeldl tageospiledertot dre axedointdege: wi dt h of an
i nput voltage range within which the sense anplifier is subjected to a
transi erft respohsblapeVhfRonBindl 1nes gBkE ¢ nsal BREnYLf prescotpliest M S
transi stors constituting the nonvolatile nenory elenents are formed to be.
t hi cker thant® Eﬁ?edFﬂégF aPf ngNei PRFBR La 2RASTEARRGAR O MY kit € n t he

logic circuit. 54. A sem cqpduyctor .i.ntegrated,circuyj evic ccording to
cl ?i m 53, WHETRPHY ?ﬁgfﬁﬂt 32%‘? cﬂ‘ff‘f% e ?r‘% hfégﬁﬁlﬂi%eﬁt ﬁae%g&a{l‘]ég of the
pai‘r of nonv, ' e _deter(y . r.el atd vely | ow
threshold vo %%%éé?g?go% gﬂrllgn%&‘?hgg'ﬁgn%l gg:eﬂgq%%%?ly 121 g:trlriﬁ\g't sé/’and a
relatively highmdhigshobel vebtege siake 8frt becet belr e of the nonvolatile
menory el enments; and the initial threshold Voltage 15 a voltage which is
near armveregerasporddetoecenet pairebdt tompl emewthhtye daalad 1aldsage and t he
relatively high threshold voltage. 55. A sem conductor integrated circuit
devi ce accor®ithg RIb césempbifiedr ineFigenpri sTmghig. DRAM dhewherein a

included in the gate_ insulati ng t he _nonvol atil e range based on the
seni conduct oTO%EMRt+ 3R, 15 a2BLFhed| AFPRgLLLRFFERtAOM-S TRENEPEESr DRAM has

a thickness e | .fto th of the.filns. the M S transistors caonstituting
rerory. of onei L BHEEE ¢ b SR LRF BReorieh, beEstoten 30 Sig- BETea1 5 U
200 56. A sepm t j LLcyitydeyice sacqqrding t l.a{ m 55,
wherein the ﬁﬁé\%ﬁe% a%g%f%%ﬁéﬁgeggtéewyﬁgu?étéi E’é'%f iglﬁ'%(éltsh%c fr?le(gstgés based
on the py ocesss der) abhONEhey APET OxitREEl ¥rom- 1018 shParalod e Higg A tar get
filmthickness.” 57. A sem conductor integrated circuit device according to
claimb5b5, whxtein the floating gates of the MS transistors constituting
the nonvolatile nmenory elenents, a gate of a MS transistor included in the
logic circuit, andthe datle bines MBLE10ahgi BLEL MEnaradeannected & er nal
input/output circuit are forned.at f]&l m t hi %%nes es equal w.thin an

al | awapl e r £FJEPASEY JInCHFBLRsIbRY hppoAd1CBgEhKO JoFRFETC Tt egr at ed
circuit devi cor dj cl.ai wherein {he f Lng gates of the MS
transistors ‘gsgﬁﬁaqi‘f%?*%g—%ﬁé r?g‘n‘%/noqgog?“l\?% é‘r%%r%“g?e%‘rg?{:g, a gate of the MS
transi roi Pt 1R8I §askr ¢ L&+ M qﬂﬁ'astor
i ncl u_dzzt in_%P#e e e?%%l @fgnput/ at put Ec%%‘g}tgﬁl g‘ngfrgagateog{ the MS
transi stor inglégleeptn ¢be M anedf QLeRdrakerebslantd dilg. equal film

t hi cknesses within an all owabl e range based on process deviations. 59. A
sem conduct or i nt egretes €he cwbid dbines WCE00dtbgWLE elfaiamd58, wherein the
al l owabl e range of the gate filmthicknesses based on the process

devi ati ons imsedppdaxt neeedyl id@oWLERatsveelecaedabyetarf iX medudsmess.

311XD. One of the Y selectors YSf 0 to YSf Mf is

25 brought into its ON state by the decoded output of a Y
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60. A sem conductor integrated circuit device according to clai m54,

further conprising: a volatile storage circuit in which control information
redd out of the nonvolatile nenory is stored; and a volatile nmenor§{vbi ¢603
includes first volatile nmenory cells and second vol atile nenory cells and
in which one of the first volatile menory cells is replaced with one of the
second volatile nmenory cells in accordance with the control information
transferred to and stored in the volatile storage circuit. 61. A

sem conductor integrated circuit device according to claim60, wherein the
vol atile nmenory is a cache nenory connected to the logic circuit. 62. A
sem conductor integrated circuit device according to claimb54, wherein the
nonvol atil e geaedrrld@1yp3l JtUis 280BeCcandbreebsda thiaagnarsedy e

i nformation determ nes an corresponding to an input. logic circuit whose
stored out putathgtoakiktudati of Ghe Memaryolcailil earEnpryl BIENRA8 €88&Pri si ng:
a sem conductor substrate; a first well region of a first conductivity type
fornmed in the seilectndact8iE_Subet ¥&tfe Mfa sewonidspeided efpon of a second
conduetivity type fornmed in the sem conductor substrate; a source region of
t he second céhtgetiont perppadiguded it tthe fshest o Ithegloawingbe coupl ed
to a source line; a drain region of the second conductivity type fornmed in
the first weFPPFegrBRtLY . pWhEBUPI E8LES T4 oRaCRgNATE:CY tfc'ﬁ%‘%/ ?RstN&ting film

formed on a part of, a L pgi pal rface of the first well region. between
the source rgg?gﬁoﬁﬁﬁ Bthgrgﬁﬂ igﬁignggﬁqgﬁﬁm%}%%ﬁnﬂ%uﬁ $%Wﬁ?forned on
a princi pal a o] o] |1, .Qny ect rode. formed on
the first aﬁ%gé%cgﬁa %ﬁ%@?gﬁgﬁgegip%sfnéﬁgfgggqiﬁﬁgﬁ%éan%éa ?ﬁl he second
wel'l region {Qips OURLEH LRe2mURbEY B31 ARY AnECARhIEHLLNL FPIgEd in the
flrs;%mell region to feed a potential to the first well region; erein a
pot eht'i al of31hepsowsete apiten is seppl ebat Fyenytheghatat bas patential s of
the first region, the second region and the drain regi on when el ectrons
accunulll ed to ahdagat buéfert 8bdBBar anto abaadins @mgrlgetiers48 1 WMmonvol atil e

menory element as clained in claim®63, wherein, when the el ectrons
accunul at ed $RiYRS FheeCorBenr dgbaatdneo 384 C8 dohacsardanse gotehti al s of

the first region, the second region d the drain.regjon are respectively
St at o f1r RS phRRAE: AFERasvhRtnBR, SR, PRE TuResclmat SR hed Fr

cl ai m 63, i E t urce. regj i t 7 volts,
while the po é%t?3+§gogﬁgﬁgk??%s?BFegﬁgﬁg'thgnsgcg%gargsgghughd the drain
region are respestiygl YasgigahlarahqubdtPreirerhiealit66.imd nanvol atile nmenory
el enent as clainmed in claim63, wherein, when the electrons are to be
accunulis ed dhf féeegaialkeyeanpbdéiefobgnthal senket RenmEcching: r gghon and t he

source region are respectively set at a first potential, a potential of the
drain regi onrshewrpi thearegubhingoséanpadl ig2transmitted to the

common data line 311CD and is amplified by the main

a
?
e

amplifier 311MA, and the ampl;fiéd signal is outputted
from the data buffer 311DB to the data bus 316.

20 Which of the normal word lines WLf 0 to WLf_ Nf
is replaced with the selection of the redundant word
line WLfR, is determined by the remedy information.
The remedy information is held by the nonvolatile
memory cell which is coupled to the word line WLf_0

25 and the bit line BLf 0. The remedy information stored
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31 J UL 2003 relatively higher than the first potential, and a potenti al

of the second region is set at a third potential relatively higher than the
second potential. 67. A nonvolatile nmenory elenent as clainmed in claim64,
wherein the potential of the source region is set at 7 volts, Wh%HQNLWﬂE
petentials of the first region, the second region and the drain region are
respectively set at a ground potential. 68. A nonvolatile nenory el enent as
claimed in claim63, wherein the first conductivity type is a N-type
conductivity, the second conductivity type is a P-type conductivity, the
first well region is a P-type well, the second well region is a N-type
well, and the drain and the source are N-type regions. 69. A nonvol atile
menory el enme GHP e NG, S Vi fi ion of a
first conduc?%bity ﬁ&%%ﬂ%ﬁéﬁgﬁggd%% me?? %@3?%% %?ﬁg ég%%ﬁgegonductivity

type; a sour GR@ads diqidtf INEaerensy SORAYSLENT (i chyPRel @ERE in the
first well region to be coupled to a source line and a data |ine

respectivel yopedatisin iwisidmtisidb{dddn 60reke ROgR PavklobratBei nci pal
surface of the first well region between the source and the drain; a second
i nsul ati ng fidemeftomsnerhadn RESET nciMpale spdaicki afl Ihe seoaqoened| regi on;
gate electrode fornmed on the first and second insulating filnms; a first
regi on f&r medontntld esecdidAddt ieaien the beensapamplidiarwondt! i ne; and a
second region formed in the first wel|l region to feed a potential to the
first well r&%coR) At &he PP ANRLI LT t hblMBuseeasstaeberel ative to

potentials of the first region, the second region and the drain, in
acgordance V\ACPIPagH'& (S’fft M"gr%?saéi SRFLR TR al&/rF‘F%PBB'é?a’EPoﬁgﬁnd a read
operation. 7Q. _A .0l _at | I nt.a lained in_claim. 69,
oher i n. nheReBLaReraps” g, G R SR o fn ofedT ohetBre 5 R
di scharged i g ;i@ ahheared.cepdyhibng ,t f&?xe%@%%d&fé’@@ﬂ'kl) tdiy PgENy | al of

the source is Set at approximately 7 volts, while the potent s of the

first regi ondechaesegandr egilattanthd o ai In@rwLf e6peadi ¥Rbybset at a
ground potential. 122 31 J UL 2003 71. A nonvolatile nenory el enent as
claimed i n clane 62.f_ Whdmeingspdnse dledc roesettrpartdd i des hgndtednbyre to be
injected into the gate el ectrode during the wite operation, the potenti al
of the firstthégiressats sdanads REFTToxi lry they glamedy e it i@t of the

d [ [ t. tential dth tial the drai
?:;"C_Szt d;_?g'aS%x;% AERES %‘ﬁu&%eﬁ%@ﬁ%?ﬁ%‘wEarﬁé’ia‘??#:% 2 m-ti_s | f
clainmed in clai r 0 : ential o
the first regﬁggkggeg t%a I§§§$$%4%§é§€'%P€%$t£§£ %ggo?e%??g?é of the

second §&gi ONa2RH e aSYPUGR 1A T Wi, Wounde ppheshéal caad the
potential of the drain is set at approxinmately 1 volts. 73. A nonvol atile

menory el enemrenedypriinfiorgata.dn rettpasited effam ofie amdinsampdhdileti vity type
and a second well region of a second conductivity type fornmed on a
substrate; a3ddMAca@ngdnduwprdisisn tdfe tinf wavdintPr okeludRi dddyesspe forned in
the first well region to be coupled to a source line and a_data |line

respeé;iverF°QEaF&§GPaﬁHﬁ$WWqrﬂ#%ﬁQHﬁP(ﬁF%P?Eﬁ? B BherPaePpAPVELr face of
the frrst well. regi on oyer .a _cha efi ned between the source and the
drain, and oﬁfatggiﬁaséé S§ﬁV?§t3&§#mﬂhe second wel | region; gate
el ectrogps di SPOSeryan ke oAU Al ddd M3 A 1L 54y 151 gk ppgsed 1n the
second Wwell region™to be couple 0 a wor ﬁlne, and
remedy row address information contained in the remedy
information and the row address signal from an address
buffer 311AB. When the result of the comparison is

agreement, the address comparison circuit 311AC gives

25 the X decoder 311XD a detection signal 311¢ of logical
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a second region disposed in the first well region to feed a potential to
the first well region; wherein the second well region is coupled to a 5d
line, and a potential of the source is set relative to potentlaISBbﬂ ﬁﬁ
first region, the second region and the drain, in accordance with one of an
erase operation, a wite operation and a read operation. 74. A nonvolatile
menory elenent as clained in claim73, wherein, when el ectrons accunul ated
in the gate electrode are to be discharged in to the source during the
erase operation, the potential of the source is set at approximately 7
volts, while the potentials of the first region, the second region and the
drain are respectively set at a ground potential. 75. A nonvolatile nenory
element as clainmed in claim 73, wherein, when electrons created in the

drain are t ni pet e o dyfipg;Lth ite 123  31°
J Ul 2003 8‘62?%%0% tﬁ%ﬂe{)}%&eﬁ??ﬁé%%ﬁ %i s%lrgg?‘gnllésggg at

appr oxi mat el yo§ival t saltde” poj epheak abcblersetord AQEi®itiss 3Rt at a
ground potential and the potential of the drain is set at approxinmately 5
volts. 76. Awondvbiméiseleeuvboy epermniioasbakadned theckawmaddredierein,
during the read operation, the potential of the first region is set at
appr oxi mat el ramviohe saddhespovehifexl 310ABt Andseedrdtseghen and the source
are set at a ground potential and the potential of the drain is set at
appr oxi Nt el {2duRdprs wond %&%%nW%Gﬂd&BFB?aﬂnté@ﬂéﬁedacm?EQFY device on a

senm conductor substrate rISt g an |néeinal cerU| whi ch i ncl udes
P- channel hﬂ%???%ﬁs?%?%ﬁgnhm A ERSHRE| VRF %ﬁﬁs?§t5?§ a@&@h“ﬁﬁﬂhhlch has

o1 St ri cal Ty IR copenitth o e BEhE AU RbBbA AR heRGRY WAL, i N0 ues o

plurality of 5§3E¥ I fgﬁﬁh@§€9r I C gng a floating gate of
the«first |evel po ;g y%tal I ne si c%%f?aééégaﬁgga control gate of a
Se”kCOHdUCtOI regiggie itintitRy SHAGAIIRICSOreBebst4 84 ¢ wAlbeaanal atil e menory
coupled to receive data stored in the electrically programmbl e and

er asabli nonceadait | paatnions 7@ thsefilashduenoryi ALlégr ated aixecui t devi ce
according to claim77, wherein the P-channel M S transistors and N channel
MS tranm5ﬁRﬁ¥i¢ﬁmQ¢mbYrﬁhﬁrﬁ#QQﬁm%ﬁl@Ohévelba¥e3lh§QIaITh§ films thickéer

than that of the nmenory cel 79.. A sem conductor integrated circuit
devi ce accor%ﬁ?ﬁFQQ?cﬁgh?ﬁq%ﬁeWLﬁ{}éﬁ E%nﬁ??@fh@d HﬁtﬁxgEFﬁgﬁ i nput / out put

circuit coup, t t I C e, external, input/output
circuit i ncléuo%"g% cIrlbs]méntglae{/In% E%%éhs#js‘éré?ghg{ﬂg &wgéﬁﬁe lﬁlpgllt’ranm stors
having gat e disdllapt | el fddiranases L3 ppesh ehe ephsbapli ablywaqual to

that of the gate |ns ating nms of the nenory ce A sem conduct or
integrated o rmamwm@@@cmm gat® Bug| mand, ivheseadsbhe data stored in
the electrically programmbl e and erasabl e non-vol atile nmenory are read out
and stored isuppliesl woitdt idre adbddiess i pigeahonfeat pluarpdiky- of bfitishe

sem conductor integrated device. 124 31 J U~ 2003 81. A sem conductor
integrated TSEARICHAR c2 RRRAFY| FRL €L PRI $i8BAL whEFRPNTHRe power-on of

t he senlcond 4 qé%gdﬁﬁgd devi ce includes'a reset operation of the
senlcpnductcﬂ Syrat Vvice. 82. A sem conductor integrated circuit

deviCe formed on WMo YB LERL e PYs R n?éx{\‘ 32 {a P{ has.

pol ycrystal line si |con process, conprising:. an ircait which

i ncl udes P—%@émedegﬂﬁﬁé@r@féﬁf &thﬁécgéfﬁ'@{:uﬂa§ gpgnsistors, each of

whi ch has a gate el ectrode a single polycrystalline silicon Iayer an
el ectrical | yro AR M arshedpsabie ORI ididB®sdyd Whah i ncl udes a
plurality of nenory cells, each nenory cell having a floating gate of the
single poIycuneuqddSﬁuncmiONXEkdepﬁwtnmdremeayinqlsgaﬁetuteaosemm@onductor
region in the sem conductor substrate; and a volatile nmenory coupled to
recei ve dat acetundsht wathd kinetWih TR | §dgregs anompariand edzsallite

non-vol atile nmenory. 83. A sem conductor integrated circuit device
accordi ng t 03 KIAf mEnedihaaddresher PIEpaAhed 1 MR, t #B@si 6ors and N-channe

MS transistors in the internal circuit have gate insulating filnms thicker
t han t@%.(ﬁsQ9ﬁ$4ﬁﬁ&ﬁ%AXxﬂﬂ% same as the construction of the
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84. A sem-conductor integrated circuit device according to claim 83,
further conprising: an external input/output circuit coupled to the
internal circuit, wherein the external input/output circuit includes
P:channel MS transistors and N-channel MS transistors having yhdd 2003
insulating filns whose thickness are substantially equal to that of the
gate insulating filnms of the nenory cells. 85. A sem conductor integrated
circuit device according to claim82, wherein the data stored in the
el ectrically programrabl e and erasabl e non-vol atile nmenory are read out and
stored into the volatile nenory in response to'a power-on of the
sem conduct or integrated device. 86. A sem conductor integrated circuit
devi ce according to claim85, wherein the power-on of the sem conductor
integrated délash mambygeexpladaed efehatieferendehacsamqg.omguct or
i ntegrated device. 125 . A 3. A AuS. AOr. A" 5f9. A% A,
S. A3S. Ar. A&LBesida%y Athal fABshS8kemasy. AL2AM built in the DRAM 312
S AAAA . ALr. Al L. A9. A Asr. A&u. AH. A. A. A9. AL. ALs. A9L. A9! . A" . A. A  AuL. Al &9. AL
. Ar. A9. A& AugndHthe fAashHmemors GLAFMADUIAL An ARSANRAM r3 1B A A99Y. A& Al .
A&Hs A AY. A" . AL9. ALa. AQuY. Ag;
A9, A AU. AAYDASLCABlY AOVASSAPSARALiALGY. AbE Aemeo Memesy AellA A An9g. Aa_. A
“L. AL. A5, A9. A9 S. AL&ﬁALH ALY, Ai A% ﬁ% %&5 A3n . An. AAsY. A5’ Y(ﬁ Ahl . AATY. A;
E. AE. AaY? AY. AE ﬁﬁ?e BtARS, RB2R 9IAVhRs LIRS hAGEMRFY,g¥R}alned with
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designating an operation mode (EPROM writer mode) in

which the flash memories 311, 312FM, 313FM are allowed

5 to be programmed by a write apparatus, such as an

EPROM writer, connected outside the microcomputer 301.

When the EPROM writer mode is set in the microcomputer

301, the function of the external input/output circuit
n 314 is altered so that the microcomputer 301 may have

10 an external interface function apparently equivalent

to a semiconductor integrated circuit (bus slave) of

simple flash memory, and the operation of the CPU 310

is stopped. More specifically, the buffer circuits

coupled to the address bus 315, data bus 316 and

15 control bus 317 of the CPU 310 are brought into high

impedance states in response to the setting of the

EPROM writer mode, and the CPU 310 is electrically

s

disconnected from the buses 315,'316 and 317. In the
EPROM writer mode, the external input/output circuit

20 314 receives an address signal from outside and
supplies the address signal to the address bus 315, it
delivers the data of the data bus 316 to outside in
response to the command of the read operation based on
the external read signal, and it receives data and

25 supplies the data to the data bus 316 in response to
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313FM are fed from outside. Accordingly, the flash
memories 311, 312FM, 313FM need not be furnished with
10 respective boosting supply voltage circuits which.
steps up a voltage to the high voltages necessary for
the erase and write operations. Since the boosting
supply voltage circuits requiring comparatively large
occupation areas can be omitted, reduction in the size
15 of a chip can be realized. Herein, after the .
microcomputer has been packaged on a circuit board,
the flash memories cannot be programmed (on-board
programming) under a software control based on the CPU
310. The omission of the boosting supply voltage
20 circuits, however, forms no hindrance and contributes
to the higher performance and higher density of the
microcomputer in a case where the flash memory 311 is
a program memory which is substituted by a mask ROM

and which need not be programmed on a system, and

25 where remedy information suffices to be written into
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10%f&' L D- i MMMl NI f okt i@n. When the boosting circuits
are individually mounted in such flash memories, it is
supposed that the boosting circuits will-occupy an
area larger than the area of the memory cell array.
Therefore, a dedicated boosting circuit should
15 desirably be included in the flash memory 311 of
comparatively large storage capacity which is utilized
for general purposes or which is utilized for

programmable logic items. Furthér, in that case, the

’ -
i
o

stepped~up voltages of the dedicated boosting circuit
20 may well be applied to the erase and write operations
of the flash memories 312FM, 313FM dedicated to store
the remedy information.
The microcomputer in the shape of the system LSI
dispenses with a fuse programming circuit for

25 remedying defects, and it can omit an apparatus and a
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are not restricted to the memory cells of the

5 differential form as shown in Figs. 6 and 7, but they
may well employ electrically erasable and programmable
nonvolatile memory cells of single-layer polysilicon
gates.

€ [Cache Memory]

10 Shown in Fig. 34 is a detailed example in the
case where the SRAM 314 in Fig. 33 is incarnated as a
- tache memory. A flash memory 450 and the cache memory
451 shown in Fig. 34 are also applicable to the cache
memory 108 and the flash memory 104 in Fig. 2.

- 15 Although not especially restricted, the cache
memory 451 is. constructed as an associative memory of
direct map form. Although not especially restricted,

~ the cache memory 451 includes a memory cell array
which forms up to 256 cache lines, and which is
20 configured of an address array 400 and a data array
401. The address array 400 and the data array 401
have normal arrays 400T, 401T in which normal static
memory cells are arranged, and redundant arrays 400R,
401R in which remedying static memory cells to replace

25 the faulty ones of the normal memory cells are
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tag) CTAG formed by physical page No., a validity bit
V as well as an unshown dirty bit, data LW0 to LW3 of
5 16 bytes corresponding.to each bit, and so forth. The
cache tags CTAG, the validity bits and the unshown
dirty bits are located in the address arrays 400T,
400R, while the data LW0O to LW3 are located in the
data arrays 401T, 40lR. The validity bit Vv indicates
10 whether or not valid data is contained in the
pertinent cache line, and it signifies “valid” with
logical value “1” and ”“invalid” with logical value
" ou .
" By way of example, an index address Aidx
15 consisting of bit 4 to bit 11 of an address signal is
used for selecting a cache entry. The index address
Aidx is decoded by an address decoder 410, and the
\ cache line is selected in the normal arrays 400T, 401lT
in accordance with the decoded result. Although not
20 especially restricted, each of the redundant arrays
400R, 401R has a storage capacity corresponding to one
’ cache line, and they are selected when the comparison
result signal 422 of a comparison circuit 412
indicates the state of agreement. When the comparison

25 result signal 422 indicates the state of the
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5 corresponding address signal by a comparator 402. On
condition that the cache tag CTAG and the tag address
Atag agree and that the validity bit V is the logical
value ”“1”, a cache hit/miss signal 404 which is
outputted from an AND gate 403 is brought to the
10 logical value “1”. On the other hand, cache line -data
of 32 bytes indexed by the data array 401 is selected
by a selector 405 on the basis of a long word address
Aword consisting of the lower digit side bits 2 and 3
of the address signal.
15 When the cache hit/miss signal 404 indicates the
state of the logical value ”“1” (cache read hit state)
[ in a read access, a cache control circuit 407 controls
an input/output circuit 406 so as to supply the data
bus 316 with the long word data selected by the
20 selector 405. In a case where the cache hit/miss
signal 404 indicates the state of the logical value
»0” (cache read miss state) in the read access, data
which corresponds to one cache line containing the

data relevant to the miss is read from the data bus

25 316 so as to execute a cache fill operation. In a
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5 cache operation mode being a copy-back mode. A
mismatched state with the data of an external memory
is known from the dirty bit in a set state. When the
) dirty cache entry is expelled out of the cache memory
%ﬁi 451 by the cache fill opefation, the data is written
10 back into the external memory. In a write-through
mode, data is written into the hit entry and is also
written into the external memory. In a case where the
cache hit/miss signal 404 indicates the state of the
logical value ”0” (cache write miss state) in the
15 write access, the cache fill operation is performed,
the dirty bit is set to up&ate the tag address, and

data is written into the filled cache line, subject to

the copy-back mode. In the case of the write-through

N
s
mode, data is written into only the external memory.
20 The cache fill operation is the operation of

loading the data of the cache line from the external
memory, and cache entry is replaced in order to write
the loaded data into the cache line. On this
occasion, in the presence of any invalid cache entry,

25 it is replaced. In the absence of any invalid cache

- 97 -



PPKC 10! 10\!tm 109 ()- @10% & ()- f 10% & ()- @0% & ()- @sl 10% & ()- 10\
10\ $Wra?KC 10! 10! L' #109%¢ #

& (‘)-!-Sy#lO%:&'()-z,mlO%(&'()-@O%&'()-fF$10%&'()-SyN[LO%&'(%-/ﬁa%?
101 10!, 3 1)

' 10% & ()-, 2@ 0% & ()- @010% & ()-SY. 10% & ()-,, MLO% & ()-!L' #109%& ()- (/012>
bC 10! 10! S10% & ()-& 10% & ()- 10: 10:

10: =s10% & ()- S7& 10% & ()-y510% & ()- @JaBbC 10!

1011109 & ()-,10% & ()-! &F" 10%" k" & ()-Z10% & ()-MLO% & ()-s10% & ()-J! Et
@BbC 10! 10!'-nl0% & ()-,, m0% & ()-! (

109 () -&210% & () - $10% & ()-10% & ()-M@*123dE: / 10"

10”1 F="10% & dg¢ fi&'tlt%’/dﬁs@cféﬁlo%& é:)cax% Qe”o &Liy- 1EEYEE Receh@WA () -34@B
DIMLVT5/ 10MLO% U&' () - z! 10%IU&

$10% u& () - Migdedi’’ 19 d%lfﬂ&%é@ ’66, aﬂ@"th@"&ﬁé’ﬁé entry recently
10y010% u& ()-s!'\9(' $10%& ()-Q 9(' $10%& ()-Q 10% u& ()-3%!10% u& ()-y1l0%u
& ()-"2j gr st us@d Qed958 (9e10lHR §ub]eét 0% or<uhe&répl3cement.
The replace control is performed by the cache
5 controller 407.
The remedy address of the cache line having a
faulty memory cell is held in the flash memory 450.
As in Fig. 33, the remedy information is loaded into a
remedy address register 420 during the high level
10 period of the reset signal RESET. The loaded remedy
information is compared with the index address Aidx by
the comparison circuit 421.
The cache memory dispenses with a fuse
programming cifcuit for remedying defects, and it can
15 omit an apparatus and a processing step for cutting
fuses, thereby to curtail a testing cost.
Incidentally, the flash memory 450 may employ the
N memory cells of the differential form as shown in
Figs. 6 and 7, and it may well employ electrically
20 erasable and programmable nonvolatile memory cells of
single-layer polysilicon gates.
Although the inventions made by the inventors
have been concretely described above on the basis of

the aspects of performance, it is needless to say that

25 the present invention is not restricted thereto, but
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word line selection voltage is substantially equalized
5 to the initial threshold voltage of the nonvolatile
memory elements is extensively applicable to
nonvolatile memory cells in which nonvolatile memory
elements are connected in the differential connection
form, and it is not restricted to the nonvolatile
10 memory elements of the single-layer polysilicon gate
‘ structure.
In addition, the MIS transistors constituting
the nonvolatile memory elements explained with
reference to Fig. 1 etc. are not restricted to the n-
15 channel type, but they may well be of p-channel type.
In this case, the conductivity types of the respective
semiconductor regions constituting the nonvolatile
N\ memory elements 130 shown in Fig. 1 may be reversed to
those in Fig. 1. 1In this case, it is possible by way
20 of example to set voltage conditions for the erase of
the nonvolatile memory elements at vnw = 3.3 v, vd =
open, Vs = =5 V and Vw = 0 V, voltage conditions for
the write at Vnw = 3.3 Vv, vd = 0 V, Vs = 4 V and Vw =

5 V, and voltage conditions for readout at Vnw = 3.3

25 VvV, Vd = 0V, Vs = 1.8V and Vw = 0 V.

- 99 -



10' o! Lz) 109EY%EY%R ()-! :10%& ()-S10%&' ()-&Z109%& ()- 10 10 10Y="10%& () -

WJU3b@

J11

1 kLz) 109BB& ()-!!Lz) 10%&' ()-11Lz)10%} p} & ()-!!plLz) 10%BUSUL ()-!!Lz)10% J
& ()-11yLz)10% J-J& ()-!; G}~ASH= 'k 10 10 11 J0L 2100

10l F=MLO%& () - 3! 10%& ()- | 31 10922& ()-110%& ()-'t Lz)10% (& ()-! 1d*dBSH=
10! LZ( 10%& () - S109%&' ()- 109%& ()- 10%&' ()-' 109& () - S&SMLOY% ()- =r MN\WUBSH=

'k

1/ 109 ()-!+: 110%14& ()-!8LZ(10% -& ()-!yLZ(10% - & ()-!~LZ( 109RT2T& ()-!LZ(
10%9J& ()-N ~_@ ! 109 ()-1 10% ()-&LY10% ()- 10 10
10< 109 ()-!5! 109 ()- 6] ?K| ~\: ~ @

10

15

20

25

Besides, the voltage of the input voltage range
in which the sense amplifier is subjected to the
transient response operation is not restricted to 50
mV, but it can be somewhat changed in accordance with
the circuit constants of the MIS transistors
constituting the sense amplifier. Vnw, Vd and Vs
indicate the n-type well potential, drain potential
and source potential of the element FMS of the p-type,
respectively. Vw indicates the potential of the p-
type well used as the control gate CGT.

Besides, the floating gate of the nonvolatile
memory element and the gates of the other MIS
transistors are not restricted to the polysilicon
gates, but they may well be stacked films in which
polysilicon is combined with tungsten silicide or the
like. Likewise, the‘metal wiring is not restricted to
the aluminum wiring, but it may well be tungsten
wiring, copper wiring, or any otﬁer stacked film
wiring.

Besides, the threshold voltage states of the
erase state and the write state may well be defined
reverse to the foreqoing. Moreover, the circuit
modules which are merged and packaged in the
semiconductor integrated circuit are not restricted to

those in Fig. 2 and Fig. 33, and it is not excluded to
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memory access controller.
Further, the load of the remedy information from
the flash memory into the register is not restricted
5 to the synchronism with the command of reset, but it
may well respond to the command of an appropriate
operation mode. Besides, redundant data lines may
well be laid in order to remedy faulty bits. Also,
n the cache memory is not restricted to the direct map,

10 but it may well be set-associative, full-associative
or the like.

Advantages which are attained by typical ones of
inventions disclosed in the present application are
briefly explained as follows:

15 The differential connection form of nonvolatile
memory elements is adopted for the memory cell of a
nonvolatile memory, and the initial threshold voltage

N and the readout word line selection voltage of the
nonvolatile memory elements are set to be

20 substantially equal within the range of a voltage
width within which the sensitivity of a sense
amplifier is high, so that even if one nonvolatile
memory element has turned faulty due to the gradual
fall of the threshold voltage of the nonvolatile

25 memory element having a high threshold voltage or the
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gradual rise of the threshold voltage of the
nonvolatile memory element having a low threshold
voltage, the threshold voltage of the faulty memory
element is confined in a state which is substantially
5 equal to the word line selection voltagqge, and that the
nonvolatile memory element is therefore in the
transient state or intermediate state between its ON
state and its OFF state, whereby its signal state
transmitted to the sense amplifier through a data line
10 brings this sense amblifier into the input state of
the transient response operation. Accordingly, if the
state of the other nonvolatile memory element is
normal, there is the very high possibility that the
stored information of a correct logical value before
15 the deterioration will be obtained by the differential

amplification action of the sense amplifier, whereby a

long-term data retention capability is enhanced, and

j lowering in the rate of readout faults can be
realized.
20 Especially in case of previously setting the

initial threshold voltage at a voltage near the
average value between the relatively low threshold
voltage and the relatively high threshold voltage, it
is possible to substantially equalize the occurring

25 probability of faults ascribable to the gradual fall
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memory element and the occurring probability of faults
ascribable to the gradual rise of the low threshold
voltage of the nonvolatile memory element, whereby the

5 retention capability for the stored information can be
enhanced to the utmost.

For the purpose of controlling the threshold
voltages, the impurity of first conductivity type is
introduced into the floating gates of the nonvolatile

10 . memory elements which can be produced by the single-
layer polysilicon gate process, whereby the initial
threshold voltage and word line selection voltage of
the nonvolatile memory elements are readily set at a
voltage which is near the middle level of the

15 operating supply voltage of the sense amplifier.

The thickness of the gate oxide films in the
nonvolatile memory elements of single—layef gate

structure is made common with the thicknesses of the

L

gate oxide films of the MIS transistors of other

20 circuits, whereby the nonvolatile memory elements can
be endowed with a somewhat long information retention
capability by preferentially avoiding the complication
of the manufacturing process of a semiconductor
integrated circuit. In a case where a satisfactory

25 information retention capability cannot be ensured in
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o before, the initial threshold voltage of the
10 nonvolatile memory elements is determined in relations
to the sensitivity of the sense amplifier and the word
line selection voltage and also in relations to the
high threshold voltage and low threshold voltage of
the nonvolatile memory elements.
15 Owing to the above, even with the single-layer
gate process such as single-layer polysilicon gate
[ process, it is possible to obtain a semiconductor
N integrated circuit such as system LSI in which the
nonvolatile memory being excellent in the data
20 retention capability is merged and packaged with a
DRAM etc. Further, since the nonvolatile memory of
high reliability can be formed without adding any step
to a related art manufacturing process such as
standard CMOS manufacturing process, the present

25 invention is readily applied to an LSI in which the
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memory cell including a pair of electrically programmable
nonvolatile memory elements, each nonvolatile memory
element having a source, a drain, a floating gate and a
control gate, the control gates of the pair of nonvolatile
memory elements being coupled to a word line, the drains of
the pair of nonvolatile memory elements being respectively
coupled to a pair of complementary data lines, and in which
information items read out on the pair of complementary
data lines in accordance with mutually different logical
states of the pair of nonvolatile memory elements are
amplified by a sense amplifier,
wherein a selection voltage which is applied to the
word line for the purpose of information readout from the
nonvolatile memory elements is substantially equalized to
an initial threshold voltage of the nonvolatile memory
elements,
wherein the source and the drain of each nonvolatile
memory element are formed of a first and a second
semiconductor region of a second conductivity type which
are provided in a third semiconductor region of a first
conductivity type in the semiconductor substrate;
wherein the floating gate of each nonvolatile memory
element is formed of a conductive layer which is arranged
over a channel defined between the source and the drain,
through a first gate insulating film; and
wherein the control gate of each nonvolatile memory
element is formed of a fourth semiconductor region of the
second conductivity type in the semiconductor substrate
which is arranged under a portion of the conductive layer
extended from the floating gate, through a second gate
insulating film.

2. A semiconductor integrated circuit device on a
semiconductor substrate, comprising:

a nonvolatile memory which comprises a nonvolatile
memory cell including a pair of electrically programmable
nonvolatile memory elements, each nonvolatile memory
element having a MIS transistor including a drain, a source
and a floating gate, and a control gate, the control gates
of the pair of nonvolatile memory elements being connected
in common to a word line, the drains of the pair of MIS
transistors being respectively coupled to a pair of
complementary data lines, and in which control information
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operation,

wherein the source and the drain of each MIS
transistor are formed of a first and a second semiconductor
region of a second conductivity type which are provided in
a third semiconductor region of a first conductivity type
in the semiconductor substrate;

wherein the floating gate of each MIS transistor is
formed of a conductive layer which is arranged over a
channel defined between the source and the drain, through a
first gate insulating film; and

wherein the control gate of each nonvolatile memory
element is formed of a fourth semiconductor region of the
second conductivity type in the semiconductor substrate
which is arranged under a portion of the conductive layer
extended from the floating gate, through a second gate
insulating film.

3. A semiconductor integrated circuit device
according to claim 2, wherein:

the mutually different logical states of the pair of
nonvolatile memory elements are determined by a relatively
low threshold voltage state of one of the nonvolatile s
memory elements and a relatively high threshold voltage
state of the other one of the nonvolatile memory elements;
and the initial threshold voltage is a voltage which is
approximately an average value between the relatively low
threshold voltage and the relatively high threshold
voltage.

4. A semiconductor integrated circuit device
according to claim 2, wherein the floating gate of the MIS
transistor is formed with an impurity of the first
conductivity type.

5. A semiconductor integrated circuit device

according to claim 4, further comprising:
a volatile storage circuit in which the control
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8. A semiconductor integrated circuit device
comprising:

a memory array which includes a plurality of first
volatile memory cells and a second volatile memory cell;

an electrically erasable and programmable nonvolatile
memory in which control information for the memory array is
stored, wherein the electrically erasable and programmable
nonvolatile memory includes a plurality of single layer
gate memory elements, each of which comprises:

a MIS transistor with a gate electrode as a floating
gate, a semiconductor region in a semiconductor substrate
as a control gate, and an insulating film disposed between
a conductive layer extending from the floating gate and the
semiconductor region;

a volatile storage circuilt in which control
information stored in the nonvolatile memory is to be
stored; and

a signal line which transmits a control signal for
giving commands in parallel for an operation of reading the
control information from the nonvolatile memory and an
operation of writing the control information into the
volatile storage circuit;

wherein one of the plurality of first volatile memory
cells is replaced with the second volatile memory cell in
accordance with the control information transferred to and
stored in the volatile storage circuit.

9. A semiconductor integrated circuit device
according to claim 8, wherein the control signal is a reset
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according to claim 11, wherein the memory array is a cache
memory.

13. A semiconductor integrated circuit device
according to claim 9, wherein the nonvolatile memory is
configured of memory cells which are coupled in a
differential form.

14. A CMOS semiconductor integrated circuit device
comprising:

a memory array including first and second volatile
memory cells;

an electrically programmable and erasable nonvolatile
memory which includes a plurality of memory elements to be
stored therein information for the memory array, the
information including a plurality of bits, each being
stored in a pair of memory elements in the plurality of
memory elements, and each memory element being a single
layer gate;

a register to be latched therein the information in
the electrically programmable and erasable non-volatile
memory; and

a control circuit which controls reading operation of
the electrically programmable and erasable non-volatile
memory and writing operation of the register,

wherein one of the first volatile memory cells is
replaced with one of the second volatile memory cells in
accordance with the information transferred to the
register.

15. A CMOS semiconductor integrated circuit device
according to claim 14, wherein each memory element has a
floating electrode as the single layer gate and a control
electrode formed of a semiconductor region in a
semiconductor substrate where the CMOS semiconductor
integrated circuit device is formed.
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18. A semiconductor integrated circuit device
according to claim 17, wherein the MIS transistors of the
internal CMOS logic circuit have gate insulating films
which are thicker than that of the memory cells.

19. A semiconductor integrated circuit device
according to claim 18, further comprising:

an external input/output circuit coupled to the
internal CMOS logic circuit,

wherein the external input/output circuit has MIS
transistors having gate s insulating films which are the
same thickness of gate insulating films of the memory
cells.

20. A semiconductor integrated circuit device
according to claim 1, wherein:

the mutually different logical states of the pair of
nonvolatile memory elements are determined by a relatively
low threshold voltage state of one of the nonvolatile
memory elements and a relatively high threshold voltage
state of the other one of the nonvolatile memory elements;
and the initial threshold voltage is a voltage which is
approximately an average value between the relatively low
threshold voltage and the relatively high threshold
voltage.

21. A semiconductor integrated circuit device
according to claim 1, wherein the floating gate of each
nonvolatile memory element is formed with an impurity of
the first conductivity type.

22. A semiconductor integrated circuit device
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24. A semiconductor integrated circuit device

according to claim 21, wherein the nonvolatile memory

constructs a part or a whole of a programmable logic

circuit whose stored information determines an output

logical function corresponding to an input.

25. A semiconductor integrated circuit device on a
semiconductor substrate, comprising:

a plurality of nonvolatile memory cells each
including a pair of electrically programmable nonvolatile
memory elements, each nonvolatile memory element having:

a source of a first semiconductor region of a
first conductivity type in a second semiconductor region of
a second conductivity type in the semiconductor substrate,

a drain of a third semiconductor region of the
first conductivity type in the second semiconductor region
of the second conductivity type in the semiconductor
substrate,

a first gate insulating film disposed over a
channel region defined between the first semiconductor
region and the third semiconductor region,

a floating gate of a conductive layer over the
first gate insulating film, and

a control gate of a fourth semiconductor region
of the first conductivity type in the semiconductor
substrate which is arranged under a portion of the
conductive layer extended from the floating gate, through a
second gate insulating film,

a word line coupled to the pair of control gates of
the pair of electrically programmable nonvolatile memory
elements;

a selection voltage which is applied to the word line
for the purpose of information readout from the pair of
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a nonvolatile memory which comprises a nonvolatile
memory cell including a pair of electrically programmable
nonvolatile memory elements, each nonvolatile memory
element including:

a MIS transistor having:

a source of a first semiconductor region of a
first conductivity type a in a second semiconductor region
of a second conductivity type in the semiconductor
substrate,

a drain of a third semiconductor region of the
first conductivity type in the second semiconductor region
of the second conductivity type in the semiconductor
substrate,

a first gate insulating film disposed over a
channel region defined between the first semiconductor
region and the third semiconductor region, and

a floating gate of a conductive layer over the
first gate insulating film, and

a control gate of a fourth semiconductor region of
the first conductivity type in the semiconductor substrate
which is arranged under a portion of the conductive layer
extended from the floating gate, through a second gate
insulating film;

a word line coupled to the control gate;

complementary data lines coupled to the drains of the
pair of nonvolatile memory elements, respectively; and

a sense amplifier coupled to complementary data lines
for differentially amplifying information read out on the
pair of complementary data lines in accordance with
mutually different logical states of the palr of
nonvolatile memory elements,

wherein a difference voltage between a selection
voltage which is applied to said word line for the purpose
of the information readout from the nonvolatile memory
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on a channel defined between the source and the drain, and
a floating gate formed on the gate insulating film;
the control gate being formed of a semiconductor
region of a second conductivity type formed under an
extension portion of the floating gate through another gate
insulating film; and
the gate insulating films of the nonvolatile memory
element, and a gate insulating film of a MIS transistor
included in the external input/output circuit have
substantially equal thicknesses.

28. A semiconductor integrated circuit device
according to claim 27, wherein:

the mutually different threshold voltage states of
the pair of nonvolatile memory elements are determined by a
relatively low threshold voltage state of one of the
nonvolatile memory elements and a relatively high threshold
voltage state of the other one of the nonvolatile memory
elements; and

the initial threshold voltage is a voltage which is
near an average value between the relatively low threshold
voltage and the relatively high threshold voltage.

29. A semiconductor integrated circuit device
according to claim 28, further comprising:

a DRAM on the semiconductor substrate,

wherein a gate insulating film of a MIS transistor
included in the DRAM and the gate insulating film of the
MIS transistor included in the external input/output
circuit have substantially equal thicknesses.
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external input/output circuit are formed at substantially

equal film thicknesses.

33. A semiconductor integrated circuit device
according to claim 29, wherein the floating gates of the
MIS transistors constituting the nonvolatile memory
elements, a gate of a MIS transistor included in the logic
circuit, a gate of the MIS transistor included in the
external input/output circuit, and a gate of the MIS
transistor included in the DRAM are formed at substantially
equal film thicknesses.

34. A semiconductor integrated circuit device
according to claim 33, wherein the thicknesses of the gate
insulating films a substantially equal within an allowable
range based on process deviations.

35. A semiconductor integrated circuit device on a
semiconductor substrate, comprising:

a logic circuit;

a nonvolatile memory; and

an external input/output circuit,

wherein the nonvolatile memory comprises a
nonvolatile memory cell which includes:

a pair of nonvolatile memory elements each being
constructed so as to be electrically programmable by a MIS
transistor and a control gate; the MIS transistor being
formed with a source and a drain of a second conductivity
type in a semiconductor region of a first conductivity
type, and a floating gate over a channel defined between
the source and the drain, through a gate insulating film;
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a difference voltage between a selection voltage
which is applied to the word line for the purpose of the
information readout from the nonvolatile memory elements
and an initial threshold voltage of the nonvolatile memory
elements is a voltage smaller than a voltage width of an
input voltage range within which the sense amplifier is
subjected to a transient response operation; and

the gate insulating films of the nonvolatile memory
elements, and a gate insulating film of a MIS transistor
included in the external input/output circuit have
substantially equal thicknesses.

36. A semiconductor integrated circuit device
according to claim 34, wherein:

the mutually different threshold voltage states of
the pair of nonvolatile memory elements are determined by a
relatively low threshold voltage state of one of the
nonvolatile memory elements and a relatively high threshold
voltage state of the other one of the nonvolatile memory
elements; and

the initial threshold voltage is a voltage which is
near an average value between the relatively low threshold
voltage and the relatively high threshold voltage.

37. A semiconductor integrated circuit device
according to claim 36, further comprising:

a DRAM on the semiconductor substrate,

wherein a gate insulating film of a MIS transistor
included in the DRAM and the gate insulating film of the
MIS transistor included in the external input/output
circuit have substantially equal thicknesses.

38. A semiconductor integrated circuit device
according to claim 37, wherein the thicknesses of the gate
insulating films of the MIS transistors constituting the
nonvolatile memory elements and the MIS transistors of the
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MIS tran51stors constituting the nonvolatlle memory
elements, a gate of a MIS transistor included in the logic
circuit, a gate of a MIS transistor included in the
external input/output circuit, and a gate of the MIS
transistor included in the DRAM are formed at substantially
equal film thicknesses.

42. A semiconductor integrated circuit device
according to claim 41, wherein the thicknesses of the gate
insulating films of the MIS transistors constituting the
nonvolatile memory elements and the MIS transistors of the
external input/output circuit and the DRAM a substantially
equal within an allowable range based on process
deviations.

43. A semiconductor integrated circuit device on a
semiconductor substrate, comprising:

a logic circuit;

a nonvolatile memory; and

an external input/output circuit,

wherein the nonvolatile memory comprises:

a nonvolatile memory element which is constructed so
as to be electrically programmable by a MIS transistor and
a control gate;

the MIS transistor being formed with a source and a
drain of a second conductivity type in a semiconductor
region of a first conductivity type, and a floating gate
over a channel defined between the source and the drain,
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film o a IS tran51s or included in the logic circuit.

44. A semiconductor integrated circuit device
according to claim 43, wherein:

the mutually different threshold voltage states of
the pair of nonvolatile memory elements are determined by a
relatively low threshold voltage state of one of the
nonvolatile memory elements and a relatively high threshold
voltage state of the other one of the nonvolatile memory
elements; and

the initial threshold voltage is a voltage which is
near an average value between the relatively low threshold
voltage and the relatively high threshold voltage.

45. A semiconductor integrated circuit device
according to claim 44, further comprising:

a DRAM on the semiconductor substrate,

wherein a gate insulating film of a MIS transistor
included in the DRAM has a thickness substantially equal to
that of the gate insulating films of the MIS transistors
constituting that nonvolatile memory elements within an
allowable range based on process deviations.

46. A semiconductor integrated circuit device
according to claim 45, wherein the allowable range of the
gate insulating film thicknesses based on the process
deviations is approximately .+-.0.5 nm relative to a target
film thickness.

47. A semiconductor integrated circuit device
according to claim 44, wherein the floating gates of the
MIS transistors constituting the nonvolatile memory
elements, a gate of a MIS transistor included in the logic
circuit, and a gate of a MIS transistor included in the
external input/output circuit have substantially equal
thicknesses within an allowable range based on process
deviations.

48. A semiconductor integrated circuit device

according to claim 46, wherein the floating gates of the
MIS transistors constituting the nonvolatile memory
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a volatile storage circuit in which control
information read out from the nonvolatile memory is stored;
and
a volatile memory which includes first volatile
memory cells and second volatile memory cells and in which
one of the first volatile memory cells is replaced with one
of the second volatile memory cells in accordance with the
control information transferred to and stored in volatile
storage circuit.

51. A semiconductor integrated circuit device
according to claim 50, wherein the volatile memory is a
cache memory connected to the logic circuit.

52. A semiconductor integrated circuit device
according to claim 44, wherein the nonvolatile memory
constructs a programmable logic-circuit whose stored
information determines an output logical function
corresponding to an input.

53. A semiconductor integrated circuit device on a
semiconductor substrate, comprising:

a logic circuit;

a nonvolatile memory; and

an external input/output circuit,

wherein the nonvolatile memory comprises:

a nonvolatile memory cell which includes a pair of
nonvolatile memory elements each being constructed so as to
be electrically programmable by a MIS transistor and a
control gate;

the MIS transistor being formed with a source and a
drain of a second conductivity type in a semiconductor
region of a first conductivity type, and a floating gate
over a channel defined between the source and the drain,
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with mutually different threshold voltage states of the

pair of nonvolatile memory elements are differentially
amplified by a sense amplifier;

a difference voltage between a selection voltage
which is applied to the word line for the purpose of the
information readout from the nonvolatile memory elements
and an initial threshold voltage of the nonvolatile memory
elements is a voltage smaller than a voltage width of an
input voltage range within which the sense amplifier is
subjected to a transient response operation; and

the gate insulating films of the MIS transistors
constituting the nonvolatile memory elements are formed to
be thicker than a gate insulating film of a MIS transistor
included in the logic circuit.

54. A semiconductor integrated circuit device
according to claim 53, wherein:

the mutually different threshold voltage states of
the pair of nonvolatile memory elements are determined by a
relatively low threshold voltage state of one of the
nonvolatile memory elements and a relatively high threshold
voltage state of the other one of the nonvolatile memory
elements; and

the initial threshold voltage is a voltage which 1is
near an average value between the relatively low threshold
voltage and the relatively high threshold voltage.

55. A semiconductor integrated circuit device
according to claim 54, further comprising:

a DRAM on the semiconductor substrate,

wherein a gate insulating film of a MIS transistor
included in the DRAM has a thickness equal to that of the
gate insulating films of the MIS transistors constituting
the nonvolatile memory elements and within an allowable
range based on process deviations.
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58. A semiconductor integrated circuit device
according to claim 56, wherein the floating gates of the
MIS transistors constituting the nonvolatile memory
elements, a gate of the MIS transistor included in the
logic circuit, a gate of a MIS transistor included in the
external input/output circuit, and a gate of the MIS
transistor included in the DRAM are formed at substantially
equal film thicknesses within an allowable range based on
process deviations.

59. A semiconductor integrated circuit device
according to claim 58, wherein the allowable range of the
gate film thicknesses based on the process deviations is
approximately +10% relative to a target film thickness.

60. A semiconductor integrated circuit device
according to claim 54, further comprising:

a volatile storage circuit in which control
information read out of the nonvolatile memory is stored;
and

a volatile memory which includes first volatile
memory cells and second volatile memory cells and in which
one of the first volatile memory cells is replaced with one
of the second volatile memory cells in accordance with the
control information transferred to and stored in the
volatile storage circuit.

61. A semiconductor integrated circuit device
according to claim 60, wherein the volatile memory is a
cache memory connected to the logic circuit.

62. A semiconductor integrated circuit device

according to claim 54, wherein the nonvolatile memory
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principal surface of the first well region between the
source region and the drain region;
a second insulating film formed on a principal
surface of the second well region;
a gate electrode formed on the first and second
insulating films;
a first region formed in the second well region to be
coupled to a word line; and
a second region formed in the first well region to
feed a potential to the first well region;
wherein a potential of the source region is set
relatively higher than potentials of the first region, the
second region and the drain region when electrons
accumulated in the gate electrode are to be discharged.

64. A nonvolatile memory element as claimed in claim
63, wherein, when the electrons accumulated in the gate
electrode are to be discharged, the potentials of the first
region, the second region and the drain region are
respectively set at a first potential.

65. A nonvolatile memory element as claimed in claim
63, wherein the potential of the source region is set at
7 volts, while the potentials of the first region, the
second region and the drain region are respectively set at
a ground potential.

66. A nonvolatile memory element as claimed in claim
63, wherein, when the electrons are to be accumulated in
the gate electrode, potentials of the second region and the
source region are respectively set at a first potential, a
potential of the drain region is set at a second potential
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7 volts, while the potentials of the first region, the

second region and the drain region are respectively set at

a ground potential.

68. A nonvolatile memory element as claimed in claim
63, wherein the first conductivity type is a N-type
conductivity, the second conductivity type is a P-type
conductivity, the first well region is a P-type well, the
second well region is a N-type well, and the drain and the
source are N-type regions.

69. A nonvolatile memory element comprising:

a substrate having a first well region of a first
conductivity type and a second well region of a second
conductivity type;

a source and a drain of the second conductivity type
formed in the first well region to be coupled to a source
line and a data line respectively;

a first insulating film formed on a part of a
principal surface of the first well region between the
source and the drain;

a second insulating film formed on a principal
surface of the second well region;

gate electrode formed on the first and second
insulating films;

a first region formed in the second well region to be
coupled to a word line; and

a second region formed in the first well region to
feed a potential to the first well region;

wherein a potential of the source is set relative to
potentials of the first region, the second region and the
drain, in accordance with one of an erase operation, a
write operation and a read operation.

70. A nonvolatile memory element as claimed in claim
€9, wherein, when electrons accumulated in the gate
electrode are to be discharged in to the source during the
erase operation, the potential of the source is set at
approximately 7 volts, while the potentials of the first
region, the second region and the drain are respectively
set at a ground potential.
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71. A nonvolatile memory element as claimed in claim
69, wherein, when electrons created in the drain are to
be injected into the gate electrode during the write
operation, the potential of the first region is set at
approximately 6 volts, the potential of the second region
is set at a ground potential and the potential of the drain
is set at approximately 5 volts.

72. A nonvolatile memory element as claimed in claim
69, wherein, during the read operation, the potential of
the first region is set at approximately 3 volts, the
potentials of the second region and the source are set at a
ground potential and the potential of the drain is set at
approximately 1 volts.

73. A nonvolatile memory element comprising:

a first well region of a first conductivity type and
a second well region of a second conductivity type formed
on a substrate;

a source and a drain of the second conductivity type
formed in the first well region to be coupled to a source
line and a data line respectively;

an insulating film formed on a part of a principal
surface of the first well region over a channel defined
between the source and the drain, and on a principal
surface of the second well region;

gate electrodes disposed on the insulating film;

a first region disposed in the second well region to
be coupled to a word line; and

a second region disposed in the first well region to
feed a potential to the first well region;

wherein the second well region is coupled to a word
line, and a potential of the source is set relative to
potentials of the first region, the second region and the
drain, in accordance with one of an erase operation, a
write operation and a read operation.

74. A nonvolatile memory element as claimed in claim
73, wherein, when electrons accumulated in the gate
electrode are to be discharged in to the source during the
erase operation, the potential of the source is set at
approximately 7 volts, while the potentials of the first
region, the second region and the drain are respectively
set at a ground potential.

75. A nonvolatile memory element as claimed in claim

73, wherein, when electrons created in the drain are to be
injected into the gate electrode during the write
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operation, the potential of the first region is set at
approximately 6 volts, the potential of the second region
is set at a ground potential and the potential of the drain
is set at approximately 5 volts.

76. A nonvolatile memory element as claimed in claim
73, wherein, during the read operation, the potential of
the first region is set at approximately 3 volts, the
potentials of the second region and the source are set at a
ground potential and the potential of the drain is set at
approximately 1 volts.

77. A semiconductor integrated circuit device on a
semiconductor substrate, comprising:

an internal circuit which includes P-channel MIS
transistors and N-channel MIS transistors, each of which
has a gate electrode of a first level polycrystalline
silicon layer;

an electrically programmable and erasable non-
volatile memory which includes a plurality of memory cells,
each memory cell including a floating gate of the first
level polycrystalline silicon layer and a control gate of a
semiconductor region in the semiconductor substrate; and a
volatile memory coupled to receive data stored in the
electrically programmable and erasable non-volatile memory.

78. A semiconductor integrated circuit device
according to claim 77, wherein the P-channel MIS
transistors and N-channel MIS transistors in the internal
circuit have gate insulating films thicker than that of the
memory cells.

79. A semiconductor integrated circuit device
according to claim 78, further comprising:

an external input/output circuit coupled to the
internal circuit, wherein the external input/output circuit
includes P-channel MIS transistors and N-channel MIS
transistors having gate insulating films whose thickness
are substantially equal to that of the gate insulating
films of the memory cells.

80. A semiconductor integrated circuit device
according to claim 78, wherein the data stored in the
electrically programmable and erasable non-volatile memory
are read out and stored into the volatile memory in
response to a power-on of the semiconductor integrated
device.
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81l. A semiconductor integrated circuit device
according to claim 80, wherein the power-on of the
semiconductor integrated device includes a reset operation
of the semiconductor integrated device.

82. A semiconductor integrated circuit device formed
on a semiconductor substrate by a single layer
polycrystalline silicon process, comprising:

an internal circuit which includes P-channel MIS
transistors and N-channel MIS transistors, each of which
has a gate electrode of a single polycrystalline silicon
layer;

an electrically programmable and erasable non-
volatile memory which includes a plurality of memory cells,
each memory cell having a floating gate of the single
polycrystalline silicon layer and a control gate of a
semiconductor region in the semiconductor substrate; and

a volatile memory coupled to receive data stored in
the electrically programmable and erasable non-volatile
memory.

83. A semiconductor integrated circuit device
according to claim 82, wherein the P-channel MIS
transistors and N-channel MIS transistors in the internal
circuit have gate insulating films thicker than that of the
memory cells.

84. A semiconductor integrated circuit device
according to claim 83, further comprising:

an external input/output circuit coupled to the
internal circuit, wherein the external input/ocutput circuit
includes P-channel MIS transistors and N-channel MIS
transistors having gate insulating films whose thickness
are substantially equal to that of the gate insulating
films of the memory cells.

85. A semiconductor integrated circuit device
according to claim 82, wherein the data stored in the
electrically programmable and erasable non-volatile memory
are read out and stored into the volatile memory in
response to a power-on of the semiconductor integrated
device.

86. A semiconductor integrated circuit device
according to claim 85, wherein the power-on of the
semiconductor integrated device includes a reset operation
of the semiconductor integrated device.
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