
SEMICOHDUCTOR INTEGRATED CIRCUIT ARD NONVOLATILE 

· MEMORY ELEMENT 

BACKGROUND OF THE INVENTION 

5 .1. Filed of the Invention 

10 

The present invention relates to a semiconductor 

integrated circuit having electrically.erasable and 

programinable nonvolatile memory elements, and relates, 

for example,· to techniques which are effective when 

applied to a semiconductor integratea·-,·~ircuit hav~µg a 
' 

nonvolatile memory wherein two nonvo.latile memory 

elements are used.as a storage unit • 

. 2. Description of the Related Ai:t: 

In recent years, as a memory device in which 

15 data or program-constituting data are stored, public 

att~ntion has been riveted to a -flash EEPROM 
. . 

(hereinbelow; termed »flash memory») considered as a 

\..._/. nonvolatile storage device from/into which stored 

data/data· to be stored are electrically 

20 erasable/prog~ammable collectively in pred~termined 

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 
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data or program-constituting data into the m~ory 

cells. 

Therefore, in the presence of, e •. g., altering 

data, correcting the bugs of a program or_ updating a 

5 program after _a fl~sh memory or a macrocomputer having 

a built-in· flash memory has· been assembled into an 

application system, data or data consti~uting the 

program as stored in the flash memory can be altered, 

so that a term for the development of the application 

10 system can be shortened, and that the flexibility of· 

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 
I 

\_.; seniiconductor 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 

-· 2 - . 



5 

circuit board or packaging circuit board, etc., and 

especially for reducing the size and lightening the 

weight of a portable telephone set, a portable data 

te~inal, or the.like portable equipment. 

Incidentally, after the completion of the 

present invention, the inventors investigated into 

known examples from a viewpoint-A ·and a viewpoint-B 

stated below. 

~he viewpoint-A is ·that a polysilicon gate of 

10 single layer is used for forming the memory cell. oJ 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. s. 

15 Patent No. 5,440,159, the official gazette of u. s. 

Patent No. 5, 504, 706, the officia_l gazette of Japanese 

Patent Application Laid-open No. 212471/1992 (the 
. ·. I 

official gazette of corresponding u • s·~ ·pat.ent .No. 

5,457,335"), and Oosaki 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, pp3ll-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. 
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163797/1992, No. 263999/1989, No. 74392/1992, No. 

127478/1992, No. 129091/i992 and No. 268180/1994, and 

the official gazette of u. s. Patent No.· 5,029,131. 

By the way, ·the official gazette of Japanese 

5 Patent Application Laid-open No. 212~71/1992 discloses 

also a technique which utilizes an electrically 

programmable nonvolatile memory (EPROM) as a remedy 

circuit for a read only memory (ROM). Further, 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 

so·urce or a drain, or which executes· programming and 

erasing with tunneling currents. 

SUMMARY OF THE INVENTION 

20 The documents found out by the investigation 

into the known example~ have not disclosed at all the 

viewpoint that nonvolatile memory ~ells each employing 

a. single polys.ilicon layer are utilized in a 

differential form, a viewpoint concerning the 

25 rela~ionship between the initial threshold voltage of 
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the memory cells (the threshold voltage in a thermal 

. equilibrium state) and a word line potential in a data 

readout mode, in the case where the nonvolatile memory 

cells each employing the single polysilicon layer are 

5 utilized in the differential form, and so forth. 

10 

In addition, the .fol.lowing facts have been 

revealed by the inventors: 

It ha~ been found out by the inventors :that even 

the memory cell structure in the differential form has 

the fir.st problem that the occurring rate of readout 

faults ascribable to the deterioration of charge , 

retention characteristics are greatly affected by the 

states of an initial threshold voltage under 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 below do ~ot 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 exampl~, the initial threshold 

25 voltage (Vthi) is set: higher than the average value 
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between a low threshold ~oltage {VthL) as in the erase 

state. and a high threshold voltage (VthH) as in the 

write state. The readout word line potential (Vread) 

is set in the medium range between the low threshold 

5 voltage (VthL) and the initial threshold voltage 

(Vthi) • In the set state, the voltage difference 

betw~en 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 o.f accumulated charges. is small, .~nd 

a retaining field strength which is applied to a 

··tunnel oxide film in a retention state i~ 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 electr~s into.the floating 

.~ate is applied to the tunnel oxfde 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:of 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) I· so that when the threshold 

voltage has become higher than the readout word line 

25 potential (Vread), data is inverted to incur a readout 
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fault. It h~s accordingly been revealed by the 

inventors that the characteristics as shown in Fig. 12 

are comparatively good at the. data retention, but that 

-they are less immune against the charge gain. 

Contrariwise to the abov.e, Fig. 13 shows the 

, threshold voltage distribution of memory cells in the 

cas~ where the initial threshold voltage (Vthi) is set 

comparatively low~ By way of example, the initial 

threshold voltage (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 r~nge between 

the low threshold voltage (VthL) and the initial 

th,:eshold voltage (Vthi). In the set state, the 

15 voltage difference between the initial threshold 

voltage {Vthi) and the low threshold voltage. (VthL) 

uncier·which ·electrons are.not accumulated in the 

floating gate is small, and the charge gain based on 

the word line volta9e in the readout operation is 

20 difficult to occur. On the other hand,. the memory 

cell of the nigh threshold voltage (VthH) has a large 
. ' 

voltage difference from the initial threshold voltage 

(Vthi), so that the quantity of accumulated charge~ is 

large, and that the retaining field ·strength which is 

25 applied to the tunnel oxide film in the retention 
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state is high. As a result, the undesirable fall of 

the threshold voltage·attributed to the charge leakage 

from the floating gate . is liable to deve}. op. On this 

occasion, the undesirable fall of the threshold 

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 tound out by the inventors that the 

10 characteristics as shown in Fig. 13 are immune aga~nst 

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 cel~s of floating gate/control gate 
. I 

\__,;' · vertically-stacking structure, namely, memory cells of 

stacked gate type, the manufacturing cost thereof 

20 increases due to the complicate·d memory cell 

structure. Especially in' a so-called "system LSI 

(Large scale Integration)" p_roduct in which a flash 

memory is merged witp a high-speed lo_gic circuit, a 

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

25 whose market is .rapidly expanding in recent years, it 
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brings_ about the increase of .the manufacturing cost 

thereof to' adopt the stacked gate type memory cells 

for the flash memory. _According to the inventors' 

study, this is 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 

1 O required a mask for separately. forming the tunnel . 

oxide fil~s, 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 

an'd drain regions and low-concentration P-type source 

\ _ _,, and drain regions of high'."'"withstand-voltage 

transistors constitut~ng 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 m~mory elemen~s of single-
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layer polysilicon gate structure m~y be.formed. 

It is necessary, however, to also consider the ·. 

relationship of the thickness of the gate oxide films 

of the nonvolatile memory elements of the single-layer 

.5 polysilicon gate structure with the thickness of the 
.. . 

gate oxide films of the MIS transistors of any other 

circuit which is packaged together with the 

nonvolatile memory ·elements. According to the 

~nventors' study, the limit of the number of times of 

10 rewriting the nonvolatile memory element correlate.s 

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. In 

15 order ~o avoid complicating the manufacturing process 

of a semiconductor integrated circuit, however, it is 

considered desirable to make the thickness of the gate 
. I 

'--./ oxide film in the nonvolatile memory 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 informatio.n retention 

25 capability based on a memory cell including a pair of 
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nonvolatile.memory elements in a differential form. 

Another object of the present invention is to 

simplify the device structure of a semiconductor 

integrated circuit in which an electrically 

5 progranunable nonvolatile memory is merged and 

packaged. 
! 

Still another object of the present invention is 

to .provide a semiconductor integrated circuit in which 

a nonvolatile memory is packaged, the nonvolatile 

~o ·memory being.in a 2-cells/l-bit differential form 

15 

20 

' 
adapted to conspicuously lower the .occurring rate of 

readout faults without adding any new proces~ to 

ordinary logic circuit processes .or general DRAM 

processes. 

Yet another object ~f the present invention is 

to provide· a technique acc~rding to which flash· memory 

cells each including a single-larer polysil~con gate 

are utilized as a remedy.circuit for a memory module 

or a memory- circuit formed in a semiconductor device. 

The above .and other objects and novel features 

of the present invention will 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. 

- 11 -



[l] The first viewpoint consists in that the 

differential connection form of nonvolatile memory 

elements is adopted for the memory cell of a 

nonvolatile memory, and that the initial threshold 

5 voltage of the nonvolatile memory elements is 

determined considering the operating· .. point of a sense 

amplifier and a selection voltage for a word line. 

More specifically, with regard to a semiconductor 

integrated circuit inclpding a nonvolatile memory 

10 (1·13, .114 or 115) which comprises a noi\.volatile m~ory 

cell (131) including a pair of nonvolatile memory 

elements {130)" each having a source {ST3), ·a drain 

(DT3), a floating gat~ (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 accordance with mutually 

different logical states o:t 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 -
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said nonvolatile memory elements are substantially 

equalized to each other. By way of example, the 

difference voltage between both the voltages is set at 

a voltage (for example, a voltage of 50 mV) being 

5 smaller than the voltage width (AVth) of an input 

voltage range within which the sense· amplifier is 

subjected to a transient response operation (that is, 

.the so-called 11 high sensitivity range" of the sense 

amplifier). More desirably, when the mutually 

different logical states of the pair of nonvolatile 10 

memory e·lements are determined by the relatively low 

threshold ·voltage ~tate .of one nonvolatile· memory 

element and the relatively high threshold voltage 

state of the other nonvolatile·memory element, the 

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 mem~ry e1·ement 

gradually approaches the initial threshold voltage 

(Vthi) in a thermal equilibrium state, on account o.f 

charge lea~age ascribable to the electric field of the 

element itself as is applied to the tunnel film 

25 thereof, while the low threshold voltage (VthL) 
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gradually approaches the initial threshold voltage 

(Vthi) in the thermal equilibrium state, on account of 

an electric field in a charge gain direction 

attributed to the word line selection voltage (Vread) 

5 in the readout mode. As described above, the initial 

threshold voltage (Vthi) and the readout word line 

selection voltage (Vread) are set to be substantially 

equal with.in the range of the voltage width within 

which _the sensitivity of the ~ense amplifier is high. 

10 Thus, even if one nonvolatile memory element has 

turned· faulty due t"o 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 

thr~shold voltage of the faulty memory elemen~ stops 

falling or rising in a state which is substantially 

·...._,; equal to the word line selection voltage. The fct.ul ty 

nonvolatile memory element is therefore in the 

20 transient state or intermediate state between its ON 

state and its OFF state, whereby its signal state 

transmitted to the sense amplifier through the data 

line brings thi~ sense amplifier into the -input state 

of the transient response operation. Accordingly, if 

25 the state of the other nonvolatile memory element is 
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normal, ·there is the very high possibility that the· 

stored-information of the correct logical value before 

the deterioration ca.n be obtained .by the differential 

ampl.if ication action of the sense amplifier. Thus, 

5 the capability of long-terin data retention is 

enhanced, and lowering in the rate of readout faults 

can.be realized. 

Especially in case of previously setting the 

initial threshold vol_tage at the voltage near the 

10 average value between the low thresho·ld voltage and 

the high threshold volt~ge, it is possible to 

substantial~y equal·ize the occ_urring probability of 

faults ascribable to the gradual fall of the high 

threshold voltage (VthH) of the nonvolatile memory 

15 element and the occurring probability bf faults 

ascri~able to the gradual rise of the low threshold 

voltage (VthL) of the nonvolatile memory element, 
, 

\...../. whereby···the retention capaQility_·. for the stored 

20 

information can be enhanced to.the utmost. 

The nonvolatile memory element which.can be 

produced by a manufactur·ing 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 ga_te (FGT) of the MIS transistor. The 
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cQntrol gate is formed of ·an impurity-doped layer. rn· 

more detail," the ·source (-ST3) and drain (DT3) are 

formed of semiconductor regions of second conductivity 

type.which are provided in a semiconductor region 

5 ( 121) of first conductivity type, ·the floating. gate is 

formed of a conductive layer (PSi) which is arranged 

over a chann~l· defined between the source and the 

d·rain, through a gate insulating film ( G03) , and the 

control gate is formed.of a semiconductor region (122). 

10 of the second conductivity typ.e which is arranged·_ 

under the portion· of the conduct~ve·layer extended 

from the floating gate, thr9ugh the gate ·insulating· 

film. ( G03 ) • 

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 
. I 

·\....../' the manufacturing process ··such as 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 impuri~y a~ ~tated above, a CMOS process can be 

25 applied to the manufacture· of the MIS transistors for 
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constructing the nonvolatile memory elements. In an 

alternative case where .the threshold voltages are 

adjusted by the ion implantation of the first· 

conductivity type impurity into the channel of the MIS 

5 transistor (MFSn)', a -photo-mask for the channel ion 

implantation is added to the CMOS process in the 

manufacture of the MIS transistors (MFSn) • 

. The nonvolatile memory can be utilized for the 

storage of remedy information for.remedying the 

1 O ·defects of a volatile memory such· as SRAM. By way.·: of 

example, ·such an SRAM can construct·a cache memory 

which is connected to a centra.l 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 
I 

\_../ thickness of the gate insulating films of the 

··nonvolatile memory elements is determined considering 

20 the relf!tionship thereof with the thickness of the 

gat.e insl:llating films of. any other circuit •. More 

specifically, a gate insulating film being 

comparatively thick is adopted for an external 
. -

interface cir_cuit in order to ennance the 

25 electrostatic withstand voltage of an input MIS 
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transistor whose gate is connected to an external 

terminal. Besides,· in a semiconductor. integrated 

circuit in whi,ch 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 

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 by 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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elements and those of the MIS transistors included in, 

the external interface circuit are simultaneously 

fabricated by utilizing an identical· process or a 

common photo-mask. In this manner, the thickness of 

5 the gate oxide films in the nonvolatile memory 

elements of the single-layer gate structure is made 

common with the thicknesses of the ·gate oxide films of 

the MIS transistors of the other circuits, whereby the 

nonvolatile memory elements (13-0) can be endowed with 

10 a. somewhat long information retention capabllity by 
. . 

preferentially avoiding the complication of the _· 

·manufact~ring 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 
I • ;-..__,/· memory elements to that of the MIS transistors of the 

external interface circuit as explained above, the 

20 memory cell (131) in wh~ch 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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is determined in relatio~s to the sensitivity of the 

sense amplifier and the word line selec.tion voltage 

and also in relations to the high threshold voltage 

and low threshold voltage of the nonvolatile memory 

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· ~n 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 the 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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the MIS transistors included in the DRAM may be formed 

paving equal film thicknesses within the allowable 

range o~ errors ascribable to process deviations. 

That is, ·even with the single-layei:: polysilicon 

5 process or the like single-layer gate process, it is 

possible to obtain the semiconductor integrated 

circu~t such as the system LSI in which the DRAM 

formed of the nonvolatile It_lemory 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-chanriel_type .included in an external input/output 

· circuit as well as a logic circuit, the memories and 

.'-..,/, the circu·its being merged in a system LSI which is an 

example o_f a semiconductor integrated circuit 

20 · according to the present invention; 

Fig. 2 is a schematic chip plan view of the 

~ystem LSI which is the example of the semiconductor 

integrated circuit ac~ording 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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Fig. 1; 

Fig. 4 is an explan·atory view of the write 

operation of the nonvolatile memory element shown in 

Fig. 1; 

Fig. 5 is an explanatory view of the readout 

operation of the nonvolatile memory element shown in 

Fig~·l; 

. Fig. 6 is a circuit diagram showing an example 

of a memory cell which is configured of a pair of 

· 10· nonvolat"ile memory 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 amplifier which is 
I 

provided in the ·flash memory in Fig. 8; 

Fig. 10 is a graph relevant to the threshold 

20 voltage .distribution of the nonvolatile memo.ry 

elements, showing the relationship between an initial 

threshold voltage·and a word line selection voltage; 

Fig. 11 is a gr-aph showing an example of the 

input/output characteristics of the sense amplifier; 

25 . ~ig. 12 is a graph showing the threshold voltage 



distribution. of a memory cell in the case where an 

initial threshold vo.ltage is set comparatively high; 

Fig. 13 is a graph showing the threshold voltage 

distribution of a memory cell in the case where an 

. 5 ini~ial threshold voltage is set comparatively low; 

Fig •. 14 is .an explanatory diagram showing the 

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; 

15 

Fig. 15 is.an e.tp,ianatory diagram· showing 

·results obtained by comparing the rates of chip faults 

in the present invention and a 1-cell/1-bit scheme in 

the related art;. 

Fig •. 16 is an explanatory diagram showing 

results obtained by comparing the rate of chip faults 

of a flash memory of 64 k:a which adopts the memory 
I 

\.J cells of the differential form conf .i:gured of the 

nonvolatile memory elements in.Fig. 1, with that in 

20 the related art 1-cell/l-bit scheme; 

25 

Fig. 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; 

· Fig. 18 is a vertical sectional view of the 
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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 manufacturing· 

5 steps subsequent to the process· in Fig. 18; 

Fig. 20· is a vertical sectional view of the 

essential portions of the device during manufacturing· 

steps subsequent to the process in Fig. 19; 

Fig. 21 is a vertical sectional view of the 

10· essential portions of a device during a process for 

15 

manµfacturin9 the 'system LSI in Fig. 2, in a case 

where gate·oxide film$ have two sorts of thicknesses 

and where a CMOS process adopting single-layer 

polysilicon gates is employed; 

Fig.. 22 is a vertical sectional· view qf the 

essentia;J.. portions of the device during manufacturing 

·. steps subsequent to the process in Fig. 21; 
. I 

Fig. 23 is a vertical sectional view of the 

essential portions of the device during manufacturing 

20 steps ·subsequent to the process in Fig. 22; 

Fi;g. 24 is a vertical sectional view of .the 

essenti~l portions of the device during manufacturing 

steps subsequent to the process in Fig. 23; 

Fig._25 is a vertical sectional view of the 

25 essential portions of the device during _manufacturing 
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. steps subsequent to the process in Fig. 24; 

Fig. 26 is a vertical sectional view of the 

essential portions of the device du~ing manufacturing 

_i;;teps subsequent to the process in Fig. 25; 

5 Fig. 27 is a vertical sectional view of the 

10 

essential portions of the device during manufacturing 

steps subsequent to the process in Fig. 26; 

.Fig. 28 .is a vertical sectional view of the 

essential l?ortions of the device during manufacturing 

steps subsequent .to the process in Fig·. 27; 

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 manufacturing 

steps subsequent to tbe process in Fig. 29; 

20 

Fig. 31 is a vertical sectional view of the 

essential portions of the device during manufacturing 

steps subsequent to the process in Fig. 30; 

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; 

25 



5 

and 

Fig. 34 is a block diagram showing a detailed 

example in the case where an SRAM in Fig. 33 is 

incarnated as a cache memory. · 

DESCRIPTION OF THE PREFERRED EMBODIMENTS 

[System LSI} 

Schematically shown in Fig. 2·is a chip plan 

view of a system.LSI which is an example of a: 

10 semicondu9tor integrated circuit according to the· .. 

·present· invention. Althou_gh· not especiallf 

restricted, the ~ystem 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, arid that an external 

input/output- circuit 103 and ·an analog.input/output 

20 

circuit 104· are disposed inside the electrodes 102. 

The external input/output circuit 103 and the ·analog 

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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. memory (DRAM) 106, a· central processing unit (CPU) 

107, a cache memory (CACH) 108, a.logic_ circuit 109, a 

phase-locked loop circuit (PLL) 110, an analog-to­

digital conversion circuit (ADC) 111, and a digital-

s to-analog conversion circuit (DAC) 112. Indicated at 

numerals 113 to liS are electrically erasable and 

·programmable nonvolatile·memories, for· example, flash 

memories, 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 from the level shifter 105. The 

DRAM 106, how~ver, 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 ~ith the' internal supply voltage in a 

data readout operation, but it requires a high voltage 
I 

\._/ in erase and write op~rations • The high voltage may 

be formed by an internal· booster circuit, or may well 

io be fed from outside and throug.h a ·predetermined 

external connection electrod~ in the predetermin~d 

operati~g 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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faulty memory cells with r~dundant memory cells) of 

the DRAM 106, while the flash memory 114 is utilized 

for storing the remedy information o_f the cache memory 

108 and is packaged instead of a remedying program 

5 circuit based on fuses. The flash memory 115 

constitutes a programmable logic circuit whose stored 

information determines the logical function of an 

output 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 execut~~g a 

predetermined logical operation for the plurality of 

bi.ts 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 i~cludes complementary MIS transistors 
. ' \ __ ,,.. (insulated-gate field effect transistors) which are 

formed on ~- 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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DAC 112.include MIS transistors each of which has a 

gate length of ~.4 µm and a gate oxide film thickness 

of 8 nm (Tox2) in case of employing 0.2 µm process 
I 

technology. The reasons therefor are that a· 

5 comparatively large thickness should desirably be set 

for a tunnel oxide film formed of a gate oxide film, 

in order to make the information retention capability 

of the flash memory favorable, and besides, that a 

certain degree of ~ithstanq voltage (a withstand 

10 voltage against the breakdown of the gate oxide f ~lm) 
·;.: 

needs to be ensured· relative 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 
. ' . \ .. .../ process deviations. ·Although not. especlally 

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 µm to 0.2 µm, 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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µm to 0.15 µm. 

on the other hand, the circuits whose operating 

~upply voltage is the comparatively low internal 

volta_ge stepped down, that is, the logic circuit 109, 

5 cache memory 108 and CPU 107 include MIS transistors 

each of which has a gate length of 0.2 µm and a gate 

oxide film thickness of 4 run (Toxl). Although not 

especially restricted, the level shift circuit 105 

includes MIS transistors of both the gate oxide. film 

10 thicknesses. 

The gate electrodes of the respective MIS 

transistors having the different gate oxide· film 

thicknesses are formed· of polysilicon layers of 

identical film thickness. ·Here, the identical film. 
; 

15 thickness of the polysilicon layers signify film 

t'hicknesses which are equal within. an a+lowable range. 

based on process deviations. Although not especially 
I , 

......_,,;· restricted, the allowable range of the thicknesses of 

the gate films based on the.process deviations is ±10 

20 % or so for a target.film thickness of 30 ~to 200 

run. 

The foregoing gate oxide films having the equal 

thicknesses can be produced using an identical photo­

. mask, and also the forego:i,ng poly$ilicon gates having 

· 25 the equal thicknesses can be produced, using an 
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id~ntical photo~inask. In.this map.ner, the thicknesses 

of the gate oxide films in the nonvolatile memory 

elements of the single-layer gate structure are made 

common with those.of the gate oxide films of the MIS 

5 transistors of the other circuits, whereby the 

nonvolatile memory elements of the flash memories·ll3 

to 115 can be endowed with the somewhat long 

info·rmation retention capability by preferentially 

avoiding the complication of the manufacturing process 

· 10 of the system LSI 101. 

[Nonvolatile Memory Element] 

· · · Schematically shown in ·Fig. 1 are the sectional 

structures of the nonvolatile memory elements of the 

flash memories 113 to 11~, 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 
I 

'-..../ circuit 109 is formed within a p-type well region 121 

which is formed in a p-type semiconductor substrate 

20 120. The p-type wel~ region 121 is isolated by an 

element isolation region i23. The MIS transistor MLGn 

includes a gate oxi~e film (Toxl) GOl having a 

thickness of 4 nm, a gate GTl formed of an n-type 

polys~licon fllm having a thickness of 200 nm, a 

25 sourc·e STl formed of an n-type region, and a drain DTl 
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foPlled of an n-type region. The MIS transistor MIOn 

for the external input/output circuit is formed within 

a p-type .·well region 1_21 w.-iich ·is formed in the p-type 

semiconductor substrate 120. The p-type well region 

5 121 · is isolated by the isolation region 123. The MIS 

transistor MIOn includes a gate oxide ·film G02 (Tox2 ). 

having a thickness of 8 nm, a gate GT2 formed of an n­

type polysilicon film having a thickness of 200 run, a 

source ST2 formed of an n-type region, and a drain DT2 

. 10 formed of an n-type region. 
·:· 

The nonvolatile memory· element 130 of each of 

the flash memories 113 to 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 

semiconducto~-. substrate 120. The p-type well region 

\...../. is isolated by the element isolation 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 G03. (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 G03. The 
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control qate CGT is an n-type well region (n-well) 122 

which is formed in the p-type,semiconductor substrate 

120. The n-type well region 122 is isolated by the 

element isolation region 123. The n-type .well region 

5 122 is overlain by.the extension portion of the 

floating gat$ FGT·through the gate. oxide film G03. In 

the sectional view of Fig. 1,' the floating gate P'.GT is 

depicted as if it were broken midway between the MIS 

transistor MFSn and the control gate CGT, but it is 

10. actually formed unitary as shown in Fig. ~ 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 operat.ion, the p-type well region 121 and 

the n-type well region 122 be~ng the control gate CGT 
r . 

\ .. J are brought to O volt such as the ground potential, 

that is, Vpw = O V and Vw = O v hold; a ·positive 

2 0 voltage of ·. 7 v, that is, .Vs = 7 v is applied to the 

source ST3; and o· volt such as the ground potential, 

that is, Vb = O 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 

- 33 -



130 as viewed from the control gate (word line) is 

lo~ered down to, for example, 2 v. consequently, the 

state of the threshold voltage of the element 130 is 

brought into the erase state. As apparent from the 

5 device structure of the nonvolatile memory element 

130, the control gate CGT 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 v relative to the word line voltage Vw = O .V' •. 

Fig. 4 is a·view for explaining the write 

operation of the nonvolatile memory element 130. In 

the write operation; the p~type well region 121 is 

held at O v (Vpw = O V), then-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= O 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 

control 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 

- 34 -



erase state thereof may well be set reverse to the 

above. 

Fig. 5 is a view for explaining the readout 

oper~tion of the nonvolatile memory element. In tne 

5 readout operation,. the p-type well region 121 is held 

at the ground potential (Vpw = O V), then-type well 

·122 forming the control gate (word line) CGT at 3 V 

(Vpw = 3 V), the source ST3 at the ground potential­

(Vs = o 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 7 4 V) in.the write state. This point will 

be explained in detail later. 

20 

[Memory Cell in Differential Connection Form] 

.Fig. 6 exemplifies a circuit diagram of a memory 

cell 131 which is configured of one.pair of 

nonvolatile memory· elements 130 in a differ.entiai 

form. Altho~gh no special restriction is made, the 

two nonvolatile memory elements 130, each of which 

25 includes the MIS transistor MFSn and the control gate 
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CGT, constitute the memory cell (unit cell) 131 

corresponding to 1 bit. Each of the nonvolatile 

memory elements 130 has the source ST3, drain DT3, 

floating· gate FGT and control gate CGT, and o.ne pair 

5 of .control gates CGT are connected in common to the 

word line WL of a corresponding row. The drain of one. 

nonvolatile memory element 130(L) is connected to one 

data.line DLt of a pair of complementary.data lines of . . .. . . . .. 
a corresponding column, while the drain o.f the other 

10 nonvolatile memory element 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 eiements which 

15 constitute .an·erasirig unit. 

Fig. 7 exemplifies the plan layout of the two 

memory cells shown in Fig. 6. Incidental.ly, the 

\.J section of the nonvolatile memory elements 130 in Fig. 

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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gates CGT. The outer side of a rectangle denoted by 

symbol 123L is the element isolation region 123. The 

floating gates FGT are formed of polysilicon layers 

PSi. The n-type well region i22 forming the control 

5 gates CGT is connected to a first aluminum conductive 

layer ALl through a contact hole CH, and the first 

aluminum conductive layer ALl is further connected to 

the word line WL made of a second aluminum conductive 

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, ·nLb through contact 

15 holes CH. The·sources.ST3 in the p-type well region 

121 are connected to the first aluminum conductive 

la'y°er ALl through a contact hole CH, and the f irs·t 
I . 

. .._,,· 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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capacitance (C2) is formed through the gate oxide film 

between the n-type well region 122 to· serve as the 

control gates (word line·) CGT and the polysilicon 

layers PSi to serve as the floating gates FGT. A 

5 coupling ratio, C2/(Cl + C2) which is de~ermined 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 illustrate~.· 

[Flash Memory] 

Fig. 8 illustrate$ a schematic_b~ock diagram of 

20 the flash memory 113 w~ich 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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matrix. The control gates of the memory cells 131 are 

coupled to the word lines WLl to WLn of corresponding 

rows, the drains thereof are coupled to the pairs of 

complementary data lines DLtl, OLbl to DLtm, DLbm of 

5 corresponding columns, and the sources thereof are 

coupled to the source line SLi every· erasing unit 

bl.ock. ·A row decoder 140 fo~s a word line selection 

signal in accordance with a row address signal RADD, . 

etc. A word driver 141 drives the word line which is 

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 13·0. 

15 :incidentally, a latch .circuit for hol<;ling the row 

address signal.RADO may well be disposed at the input 

pc)rtion of the row decoder 140. 

20 

The. pal.rs of. complementary data lines DLtl, DLbl 

to DLtm, DLbm are respectively coupled to the 

differential input/output terminals of sense 

amplifiers (SA) 143 t~rough equalize MIS transistors 

Ml and precharge MIS transistors M2, M3. Symbol Vpc 

denotes a precharge voltage, and symbol +pc a 

prechargeiequalize control signal. A prech~rge 

25 voltage switching circuit 149 switches and delivers 
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the precharge voltages Vpc in accordance with the 

erase, write and readout operations for the . 

nonvolatile memory elements 130. The operating .supply 

voltage of the sense amplifiers 143 are switched and: 

5 fed by a sense amplifier supply voltage switching 

circuit 144 in accordance with the erase, write and 

readout operatiqn modes for the nonv~latile memory· 

elements 13·0. Furth~r., 1::he pairs of c~m~lementary 

data lines OLtl, ,OLbl to DLtm, OLbm are connected in 

10 common to a pair of complementary common data·lines · 

cot, ·cob through column selection MIS transistors M4, 

MS •. .l'\ column decoder 145 ·decodes a column address 

signal CADD, and controls one pair of column selection 

MIS transistors M4, MS into their ON states. 

15 · Incidentally, a latch circuit for holding the column 

address signal CADO may well be disposed at the input 

portion of the .column decoder 145. The pair of 

\ .. .../ complementary common· data lines cot, CDb are coupled 

to the data input/outpu~ terminals of a inain ampli_fier 

· 20 146. The main amplifier 146 delivers the differential 

· signal of the pair of complementary common data lines 
' cot, CDb to outside the flash memory in single-end 

fashion, and complementarily drives the pair of 

complementary common data lines cot, cob in accordance 

25 with 'the logical value of a write signal· received from 

. :· 
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outside the flash memory. The source line SLi 

switches and feeds source line voltages corresponding 

to the-erase, write and readout operations for the 

nonvolatile memory elements 130. A control circuit 

5 148 executes the entire controls of the flash memory 

such as the controls of operation timings and the 

selec.tion controls of the respective operating 

voltages. for the _erase, write and readout ·operations 

of the nonvolatile memory elements 130, in accordance 

10 with the plurality of instruction signals 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 opera.tions 

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 Ml O and an n-chan.nel type MIS 

transistor Mll, and it is constructed as a 

25 differential amplifier circuit in.which the input of 
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one of the complementary MIS inverter circuits is 

.coupled to the output. of the other crosswise. The 

output of a supply voltage/writing high voltage 

(Vcc/Vpp) switching circuit 150 is connected to the 

5 sources of the MIS transistors ·MlO through a p-channel 

type MIS transistor Ml2, and the sources of the MIS 

transistors Mll are connected to·the ground_ voltage. 

GND· (= O V) through an n-channel type MIS transistor 

Ml3. The supply voltage/writing high voltage 

10 ·(Vcc/Vpp) switching circuit 150 delivers a supply· .. 

voltage Vee = 1.8 V in the readout mode,- and a writing 

high voltage Vpp = 5.5 V in the write operation. 'l'he 

MIS transistors M12, ~13 function as power switches 

for· the sense ampl~fier 143, and a sense amplifier 

lS activation control signal +sa is feq to the gate of 

the MIS transistor M13, while a signal obtained by 

inverting the sense amplifier activation.control 

20 

signal cpsa by means of an inverter·1s1 is fed to the 

MIS transistor Ml3. The sense amplifier activation 

control signal .psa 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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transistors M2·, M3 • 

. The voltages of 7 v I 5 v and 6 v which are the· 

high voltages necessary for the erase and write for 

the no:r_ivolatile memory elements 130 as respectively 

5 described with reference to Figs. 3 and 4, may be 

directly inputted fron.t .outside the flash memory, or 

they may well be generated by stepping up the supply 

vol t~ge of 1 .• 8 v or the external supply voltage of 3 • 3 

V by the use of the internal booster circuit. The 

10 word line selection level of 3 v·necessary for the 

readout operation for the nonvolatile memory el.emertts 

-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 step-down 

circuit. 

20 

The stored information of the memory cell 131 is 

determined by those logical states of the two 

nonvolatile memory elements 130·which are dj,fferent 

from each other. By way of example, the logical value 

.nl" of the stored information of the memory cell 131 

is obtained by the wrl.te state of the left memory ·cell 

l30(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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the t·hresJlold vol ta9e is low. When the memory cell 

131 in such a state is selected in the readout 

operation, the flas·h memory· in Fig. 8 is so operated, 

for example, that the data line DLtl keeps the 

5 p:recharge 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 

data of the lo.gical 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 qf 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 t:he readout operation, 

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 ~oltage is sensed and amplified 

by the sense amplifier 143, and that the data of the 

logic~l value "0" is delivered ou:tside through the 

25 main amplifier 146. 
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In case.of ·writing' the data of the logical value 

"1" into the memory cell. 131, the nonvolatile memory 

elements 130(L), 130(R} are brought into the erase 

states, whereupon only the left nonvolatile memory 

5 element l30(L) is programmed into the write state·by 

the differential amplification action of the sense 

ampl:i,.f ier 143 for the pair of complementary data 

lines, in· accordance with the complementary signals of 

the pair of complementary.common data lines cot, CDb 

10 driven to the complementary levels 'by the write data 

·of the logical value ·11 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 progranimed 

15 into the write state conversely to the above, after 

the nonvolatile memory elements 130(L), l30("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 nonvolat.ile 

memory elements 130· and a selection voltage Vread for 

the word line. The initial threshold voltage Vthi of 

the nonvolatile memory elements 130 is determined 

25 considering the operating point of the sense amplifier 
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143 and the word line selection voltage Vread. More 

specifically, the selection voltage Vread which is 

applied to the word line WL for the purpose of the 

inf ormatipn readout from the nonvolatile memory 

5 elements 130 and the initial threshold voltage Vthi of 

the nonvolatile memory elements 130 are substantially 

equalized to each other. By way o·f example, the· 

difference voltage ~etween both the voltages is set at 

a voltage (for example, a voltage of 50 mV) being 

10 · · smaller·than the voltage width AVth of an input 

voltage range within which the s~nse amplifier 14·3 is 

caus~d 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 
, 

MlO ·and Mll constituting the sense amplifi,er 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 

thres.hold 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 v, and 
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the low threshold voltage VthL in the erase state is 2 

v. On this o~casion, the initial threshold voltage 

Vthi and the word line selection voltage Vread in the 

readout operation are set at 3 V by way of example. 

In a charge holding state~ the high threshold 

voltage VthH of the nonvolatile.memory element 130 

gradually approaches the initial· threshold voltage 

Vthi in a thermal equilibrium state, on account of 

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 ~pproaches 

the initial threshold voltage Vthi 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 
I 

and the.readout ·word line selection voltage Vread are 

set to be substantially equal within the· range of the 

20 voltage width ~Vth 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 

2s· memory element 130 having the high threshold voltage 
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VthH or the gradual rise of the threshold .voltage of 

the nonvolatile memory e·lement· having the low 

threshold voltage VthL, the threshold voltage of the 

faulty memory element 130(L) or 130(R) is brought into 

5 a state· which is substantially equal to the word line 

selection voltage vread·. The faulty nonvolatile. . 

memory element 130(L) or 130(R) is therefore in the· 

transient state or intermediate state between its ON 

state and ~ts OFF state, whereby its signal state 

10 transmitted to the sense amplifier 143 through the 

data line·brings this sense amplifier 143 into the 

input state of t_he transient response operation. · 

Acco~dingly, if the state of the other nonvolatile 

memotj element 13_0 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 
I 

;"...J by ·the·· clif°ferential amplification 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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voltage VhtL and the relatively high threshold voltage 

VthH, it is possible to substantially equalize the 

occurring probability. of faults ascriba.ble to the 

gradual fall of the high threshold voltage VthH of the 

5 nonvolatile memory elemerit.130 and_the occurring 

probability of faults ascribable to the gradual rise 

of the low threshold voltage:vthL of the nonvolatile 

memory element 130. _Thus,. the. long-_term retention 

capability of the memory cell 131 for" the stored 

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, th~ nonvolatile memory 

element 130 which can be produced by·the single-layer 

polysilicon gate process has the MIS transistor, and 

.\...._,/ the control gate disposed so as to interpose the 

insulating film between it and t~e floating gate of 

20 the MIS transistor. For -the purpose of controlling 

the threshold voltages, a p-type impurity similar to 

that· of the p-type well region 121 is introduced into 

~he 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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threshold voltage of the nonvolatile memory element 

130 is readily set at the voltage which is 

approximately the middle between the.high threshold 

voltage and the low threshold voltage. Even in such a 

5 .·case· of introducing the impurity, a CMOS process can 

be appl~ed to the manufacture of the MIS transistor 

MFSn constituting the nonvolatile memory element 130. 

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 

\..._,/ explained before, the s~tting of Vthi = Vread 

substantially equalizes the probabilities at which the 

20 faults of the nonvolatile ~emery elements of the high 

threshold voltage VthH occur ~ue to the thresho~d 

.voltage fall and at which the faults of the 

nonvolatile memory elem~nts of the· lc:>w 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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of readout faults in the case of the memory cell in 

the 2-cells/l-bit form in which 1 bit is configured of 

two nonvolatile memory elements. By way of example, 

letting f denote the probability of faults after 10 

5 years in the case of a memory cell of 1-cell/l-bit 

·configuration in which 1 bit is configured of one 

nonvolatile memory element, the foll~wing holds: 

state ( 1): Probability Pa at .. which both the 2 eel.is 

a,re faultless, 

10 Pa= (1 - f) 2•••(1) 

·. State ( 2): Probability Pb at whidh aither of the 

cells is faulty, ·· 

Pb = ( 1 - f ) f + f ( 1 - f ) = 2 f { 1 - . f ) ·· · ( 2 ) 

state (3): Probability Pc at which both the 2 cells 

15 iire faulty, 

Pc = f 2
••• { 3) 

Here, 

v Pa + Pb + Pc ~ ( 1 '."" f) 2 + 2f ( 1 - f) + f 2 = 1. 

holds. Letting letter N denote the total number of 

20 bits of each chip, a faultless chip has. quite 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 Y of the faultless chip 

becomes: 

25 Y = l:. ck Pak Pb"-k ••• ( 4) 
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and the ~robability F of a faulty chip becomes: 

F = 1 - Y =. 1 - Iw ck Pa1c: Pbw-1c.~. ( 5) 

In accordance with the binomial theorem, 

y = I. ck Pak PbN-k = (Pa + Pb)N 

. 5 = {(l - f);z + 2f (1 - f)}N 

= ( 1 - f2)N 

and hence, 

F ·= 1 - ( 1 - f 2 
) w. • • ( 6 ) 

holds. Meanwhile, the p~obability Y' of a faultless 

10 chip in the case ef the 1-cell/l-bit.scheme becomes: 

y, = ( 1 - f) 111··~ ( 7} 

for the reason that even one fault~ bit of the N bits 

makes the chip faulty, and thf;! probability F' of the 

faulty chip in the case of the 1-cell/l~bit scheme 

15 becomes: 

F ' = 1 - ( 1 · - f ) 111
• • • ( 8 ) 

·Accprdingly, the improvement ~actor R of the rate of 
I. 

-... ...... > the chip faults based on the semiconductor 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 ! of the faulty bits of retention 

faults used for computing the effect of improv~ng the 

rate of the chip faults as mentioned above was 

25 actually measured for different thicknesses of tunnel 
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films. Indicated in Fig. 14 are results in the case 

where data was not rewritten at all and the case where 

data was rewritten 10,000 times, and it is seen that 

the percentage of the faults was increased 

5 approximately one digit by the rewriting. Fig. 15 

shows results obtained in such a way that the 

probabilities of the faulty chips in the ·present 

invention and in the case of the 1-cell/l-b~t scheme 

were compared using the above formulae (6) and (8). 

10 ·The number -of times of rewriting was 10, 000, and 1:.6 

Mbits and 1 Gbit were assumed as the total numbers N 

of bit·s. According to the contents of Fig. 15, at· the 

tunnel'film thickness of 8 run, the percentage of the 

chip faults becomes 100\ with the· 1-cell/l-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/1-bit 
I 

memory cells of the present inve~tion. 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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unavailable to the memory cells of the 1-cell/1-bit 

scheme. This signifies that the gate oxide film of 

the tra~sistor operating with the supply vo~tage of 

3.3 V can be directly.used as the tunnel film. Fig. 

5 16 shows results obtained in such a way that the 

probabilities of the faulty chips in the present 

invention and in the case of the 1-c_ell/l-bit scheme 

_ were compare~ as to flash memorie~ o-f 64 kB employing 

-the memory cells described above. As seen from Fig. 

10 16, even after data was rewritten 10,000 times, the 

15 

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 1-cell/l-bit memory cells. 

[Manufacturing Method] 

Figs~ 17 thru 20 illustrate· the sectional -

structures of the nonvolatil.e memory elemen_t 13 0 of 

the.flash memorj- and the MIS transistor MLGn of the 
- I -

logic circuit in Fig. 1, as to the main steps _of a 

manufacturing process. Incidentall_Y., numei;ical values 

~O to be mentioned in the ensuing description are mere 

examples, and they are alterable.· 

First, referring ~o Fig. 17,- a p-type well 

region 121 is formed in a p-type silicon substrate 120 

having a resistivity of 100 cm, in such a way that, 

25 after a groove type_ element isolation region 123 being 
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0.3 µm deep has.been formed, ion implantations are 

carried out to implant B+ ions· at .an acceleration 

energy of 350 keV by a dose of 1 x 1012 /cm2
, B+ ions at 

an acceleration energy of 150 keV by a dose of 2 x 

5 1012 /cm2
, and BF2+ ioris at an acceleration energy of 50 

10 

keV by a dose of 5 x 1012 /cm2
• Likewise, an n-type well 

region 122 is formed in such a way that ion 

implantations are carried out to implant p+ ·ions at an 

acceleration energy of 500 keV by a dose of 1 x 

l012/cm2
, p+ ions at an ·acceleration energy of 200 keV 

·by a dos~ .of 2 x 1012 /cm2
·, and BF/ ions at an·· 

acceleration energy.of 50 keV by a dose of·3 x 

1012 /cm2
• 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 fil_m 201 

having a thickness of_l µm, which is open only in a· 
. . . I . 

region where t·he MIS transistor for the logic circuit 

is to be formed,· is formed by related art ],.ithograp~y, 

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 re~ist film 201 is removed by 

25 ashing, and the resulting st;ructure is washed. 
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'Thereafter, as shown in Fig. 18, a low-withstand-

voltage gate oxide film 204 (GOl) having a thickness 

of 4 nm is grown by thermal oxidation at a temperature 

of aso oc, while at the same time, the gate oxide film 

200 is additionally oxidized to form a high-withstand-

voltage gate oxide film 200 (G03) increased to a 

thickness· of 8 nm. ~he thickened high-withstand­

voltage gate oxide film 200 becomes the gate oxide 

film G03 .of the nonvolatile memory element. 

1.0. Thereafter, polysilicon is deposited by CVD ·cchem~cal 

Vapor Depos·ition) at a temperature 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 l015 /cm2
, is formed by ion 

15 implantation. :Besides, a gate electrode 202 (GT1) 

worked by related art lithography. is formed. 

Thereafter, .source and d~ain regions 203 are formed in 
' such a way that A.s+ ions at an acceleration energy. of 

30 keV are implanted .by a: dose of 3 x 1015 /cm2
, by ion 

20 implantation whose mask is a resist film being 1 µm 

thick and being open ~n the regions of the n-chann.el 

-type MIS transistor (MLGn) among.MIS transistors for 

the logic circuit and the MIS transistor (MFSn) 

co·nstituting the flash memory cell. The regions 203· 

25 are used as the sources regions.ST!, ST2, ST3 and the 

,.. 56 -



· drain regions DTl, DT2, DT3. 

Further'· Fig. 19 illustrates a state where a 

silicon oxide fi°lm 205 having a thickness of 1 µm is 

formed by depositing polysilicon by means of CVD 

5 (Chemical Vapor Deposition) at a temperature of 400 °C 

and flattening the deposited polysilicon by means of 

CMP (Chemical Mechanical Polishing), :and where a first 

aluminum conductive layer 206 (ALl) is formed by 

forming contact holes at the desired positions of the 

10 film 205, depositing an aluminum film at a thi~kn~ss 

of 500 nm by means of sputterin9 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 
I 

(A;L3) is worked. Further, a passivation film is 
I 

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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element 130 can be easily formed by the single-layer 

polysilicon process. 

Now, a manufacturing method in the.case where a 

system LSI, in which the nQnvolatile memory elements 

5 connected in the differential form are included as· a 

flash memory cell, is manufactured using· a CMOS 

proc~ss, will be described with reference to· Figs. 21 

to 32. In each of the figures, "I/O·NMIS" s.ignifies a 

domain for forming a M~S transistor of n-channel type 

10 which constitutes the external input/output circuit 
-

103, "!/O·PMIS" a domain for forming a ·MtS 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 figures, "MEMORY CELL DOMAIN" slgnif ies a· 

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 o~ the gate 

25 oxide films is not discernible in each of the figures, 

- 58 -



it is set as described with reference to Figs. 17 to 

20. Further, in the ensuing d~scription of the 

manufacturing method, reference numerals assigned to 

well regions, semiconductor ·regions, etc. will be made 

5 different from those in the foregoing description for 

10 

the sake of convenience. 

First, as shown in Fig •. 21, by way of example, a 

semiconductor substrate (at· this stage,_ a· 

semiconductor wafer) 3 which is of p-type and whose 

·specific resistance is about 100 cm is wet-oxidiz·ed 

at ·about 800 °C·so as t9 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 run is thereaftei deposited on the silicon oxide 

· 15 film 10 by CVD (Chemical Vapo·r Deposition). The 

silicon oxide film 10 is formed in order to relax 

stre$ses which act·on the semiconductor substrate 3 in 
. I 

cases where a silicon oxide film buried in an element 

isolation groove is sintered at a later step, and so 

20 forth. TP,e ~ilicon 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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silicon oxide film 10 and semiconductor substrate 3 

are dry-etched using a photoresist film as a mask, 

whereby an -isolation groove 4a be_ing about 300 to 400 

nm deep is formed in the semiconductor substrate 3. 

5 The isolation groove 4a may well be formed in such a 

way that the silicon.nitride film 11 is dry-etched 

using a photoresist film as a mask, that the 

photoresist.film is subsequentiy removed, and_ that the 

silicon oxide film 10 and the semiconductor substrate 

10 3 are dry-etched using the patterned silicon nitri:~e 

·· film 11 as- a mask. 

•After such·processing, in order to· eliminate 

damag"e 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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deposited by plasma CVD in which ozone (03 ) and · 

tetraethoxy~ilane (TEOS) are employed as a source gas. 

Subsequ~ntly, a silicon nitride film having a 

thickness of about 200 nm is deposited on the silicon 

5 oxide film 13 by CVD and is thereafter dry-etched 

using a photoresist film as a mask, whereby the 

silicon nitride· film 14 is lett at only the upper 

parts of those isolation grooves 4a of ~elatively 

·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 o·f the isolat.ion 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 isolation grooves 4a 

of relatively small area, when the silicon oxide film 

13 is polished and flattened by chemical mechanical 

polishing (CMP) at the next step. 

20 Subsequently, .the photores ist 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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correspond to the element isolation region 123 shown 

in Fig. 1. 

'l'bereafter, the silicon nitride films 11, 14 are 

·removed, and the resulting semiconductor substrate 3 

5 is supjected to a preoxidation treatment so as to form 

a gate insulating film being about 10 nm thick on the 

semiconductor substrate 3. Thereafter, as shown in 

Fig. 23, a p~otoresist pattern 12C which denudes a 

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

10 formed on the principal surf ace 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 
. . • r 

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 whicb 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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of the resulting semiconductor sµbstrate 3. Next, 

phosphorus, for example, is ion-implanted into the 

semiconductor substrate 3 by employing the photoresist 

pattern as a mask. Here, there ·are respectively and 

5 . separately performed at least two impurity introducing 

steps; the step of introducing the impurity for 

forming ·then-wells (n-type well regions).16~, and 

the step of introducing the impurity for setting the 

threshold voltage of.a M~S 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 i;>-well regions and covers 

lS 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-
• I 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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memory cell domain. Thereafter, the photoresist 

patte~n 120 is removed. 

After such a series of proc~ssing steps, the 

r~sulting semiconductor substrate·3 is subjected to a 

5 -heat treatment, whereby the activation of the 

impurities introduced into the semicondu?tor ~ubstrate 

3,·etc~ are effected to form then-well~ 16NW, p-wells 

16PW and n-type buried region 15 in.the semiconductor 

·'-.J substrate 3. The n-wells 16NW corresponds to 1:;.he n-

10 type well region 122 shown in Fig. 1, while the p.:..: 

wells 16PW correspond· to the p-type· we·ll regions -121 

·shown in Fig. 1. 

After such processing, the manufacturing m~thod 

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 a·re to be 
• .·I • • formed on the semiconductor substrate 3 is carried 

out, whereby the gate 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 r.egions for forming the high-

wi thstand-vol tage tran.s is tors and denudes any -other 

25 region is formed on the gat.e insulating film, 
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whereupon.the parts of the thick gate insulating :film 

denuded by the photoresist pattern are removed, and 

further, the photoresist pattern is removed. 

Thereafter, the manufacturing method is shifted to the 
r' 

5 step of forming a gate insulating film for MIS . ' ' 

10 

transistors other than the high-withstand-voltage 

·transistors. 

Subsequently, after f~rming a. photoresist 

pattern which covers regions for forming the MIS 

transistors requiring th~ 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 photores ist pattern are removed, and f·urther, . 

15 the photoresist pattern is removed. 

Thereafter, the resulting semiconductor 

substrate 3 is subjected to an oxidizing treatment for 

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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resulting semiconductor substrate 3 by CVD or the like 

so as to cover the gate oxide film 17 formed as 

explained above and the upper surf aces of the 

isolation portions 4. The conductor film 18 is made 

5 of, for example, a simple substance film of low­

resistance polysilicon, a stacked film in which a 

tungsten silicide film is.deposited on low-resistance 

polysi~icon, or a stacked film in which a metal film 

of tungsten or th~ like is deposited· over low~ 

10 resistance polysilicon through a barrier metal f il~ 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 poly.silicon film from reaeting to form a silicide 

layer of high resistance at the interface between poth 

the films. 

Subsequently, as exemplified in Fig. 25, a 

20 photoresist pattern 12E which denudes regi~ns for 

. farming .the_ MIS · trans is tors of n-channel type, ·except 

.the memory cell domain,_ and which covers any other 

region is formed on the conductor fi1m·1a, whereupon 

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

25 implanted into the conductor film 18 by employing the 
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photoresist pattern i2E as a mask. Thereafter, the 

photoresist pattern 12E is removed. Thus, the n-type 

impurity is introduced into the gate electrode forming 

regions of then-channel type-MIS transistors which 

5 are to be formed in the regions except the memory cell 

domain. 

10 

After removing ·the photor~sist pattern 12E, a 

photoresist pattern i2EE which denudes regions for 

forming the MIS transistors of p-channel type,. 

together with the memory cell domain, and which c~yers 

any· other region is formed· on the conductor rilm 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 1_8 by employing the 

15 photoresist pattern 12EE as a mask. Thereafter, the 

photoresist pattern l2EE is removed. Thus, the p-type 

impurity is introduced into ~he gate electrode forming 
I . .. 

regions of ~hep-channel type MIS transistors and· the 

n-chann~l type MIS transistor of the memory cell 

20 domain. Via this step, t~e floating gate FGT of the 

nonvolatile memory element 130.qan contain the ·p-type 

impurity, whereby the threshold voltage Vth of the 

nonvolatile memory element is readily set at the 

middle th~eshold voltage be~ween the high threshold 

25 state and the low threshold state. In a case where 
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the initial thre~hold voltage is controlled· by 

introducing a p-type impurity.into the channel region 

of the· pertinent· MIS transistor MFSn, a photo-mask is 

prepared separately fro~ one for controlling the 

s . threshold voltage of any other n-channel type MIS 

transistor. 

10 

Thereafter, the photoresist pattern 12EE is 

removed, whereupon an insulating film for c_apping as 

is made of silicon oxide or silicon nitride by way of 

example is deposited on the conductor f ilb 18 by CVD 

or the.like. 

Subsequently, the insulating film for· capping is 

p.atterned by dry etching or the like with a 

phot.oresist pattern used as a mask, followed by the 

15 removal of the photoresist pattern, a~d 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 i9, whereby the 

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 forin semiconductor. regions 7a of p--type in those 
' . 

parts of each o~ the n-wells 16NW .which lie on both 

25 the sides o~ the corresponding gate electrode 6g. · 
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Incidentally, at this stage, the p--type semiconductor 

regions 7a are not form~d yet because a heat treatment 

for activation 'etc. has not been carried out, but they 

are shown in.the figure in order to facilitate the 

5 understanding of the d~scription. 

. 10 

Next, after removing the photoresist pattern 

12F, phosphorus (P.), for example, is ion-implanted 

.. into the .p-wells 16PW by employing as a mask a 

photoresist pattern formed anew and not shown, thereby 

to form semiconductor regions Sa of n--type in those· 

parts of each of the p-wells 16PW which lie on both 

.the sides of the corresponding gate electrode 6g. 

Incidentally, at. this stage, the n-~type semiconductor 
. . 

regions Sa are not formed yet because a heat treatment 

15 for activation etc. has not been carried out, but they 

. are shown in the figure in order to facilitate the 

understanding of the description. Besides, in spite 

of this processing, the impurity' already introduced in 

·the gate of then-channel type MIS transistor in the 

20 memory cell domain· shall still maintain the p-type. 

S~bsequently, 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 run 
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thick is deposited on the resulting semiconductor 

substrate 3 by_CVD and is etched anisotropically, 

thereby to form sidewall spacers 19 on the sidewalls 

of each of the gate electrodes 6g. In order to 

5 minimize the amounts of scrapings of the gate 

insulating film 17 and the silicon oxide film buried 

in the isolation portio1_1s 4, this etching is carried· 

out using an etching gas with which the etching rate 

·"----".. 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 ot 

15 scrapings of the capping insulating film. 

Subsequently, arsenic ·(As)°, tor example, is ion"."" 

implanted into the p-wells 16PW by employing a 

photoresist pattern as a mask, thereby to form 

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

are shown in the figure in order to facilitate the 

understanding of the description •. 

N~xt, after removing the photoresist pattern, 

5 boron. (B), for example, is ion-~planted into the n-· 

wells 16NW by employing as a in.ask a photoresist 

pattern 12G formed anew, thereby to form semiconductor 

regions 7b of p+-type for the p-channel MIS 

\___,. transistors. Incidentally, at this stage, the p+-type 

\ ........ / 

10 semiconductor reg.ions 7b are not formed yet becaus_e · a 

heat treatment for activation etc. has not been 

carried out, but they are shown 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 film 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 PE'.!tween the conductor film and the 
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5 

10 

semiconductor substrate 3 as well as the gate 

electrodes 6g. Next, the conductor film not 

sillcified is etched and removed, whereupon a heat 

treatment is carried out again. 

Subsequently, an insulating film 21a made of, 

for example, a silicon nitride film is 4eposited on 

the resulting semiconductor substrate 3 by· CVD or the 

like, an insulating film 2lb made of, for example, PSG 

(Phopho Silicate Glass) is thereafter deposited on the 

insulating film 21a by CVD or the like, and an 

insulating film 21c made ~f, for example, silicon 

oxide· is further deposited on the insulating film 21b. 

Next, the upper surface of the insulating film 21c is 

flattened by.CMP, whereu~on contact holes 8 are 

15 provided in parts of the insulating films 21a to 21c. 

Ther~after, titanium, titanium nitride, and tungsten, 

for example, are deposited on .the resulting 
' 

semiconducior substrate 3 .. in .. sucbession from below and 

are etched back by CMP; whereby a conductor film 22 is 

20 buried and formed in the contact holes 8. 

Subsequently, titanium, aluminum or an aluminum 

alloy, titanium, and titanium nitride, for example, 

a.re 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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technique, thereby to form a· first aluminum conductive 

layer (ALl) 9L as shown in Fig. 31. Next, as shown in 

-Fig. 32, a second aluminum conductive layer (AL2) -23L 

and a third aluminum conductive layer (AL3) 24L are 

formed similarly to the first aluminum conductive ,• 

layer (ALl) ·9L. Incidentally, symboli;s 2ld, 2le 

indicate insulating films.made of, for example, 

silicon oxide. 

In this manner, the two sorts of thicknesses.are 

· 10 bestowed on the gate oxide films, and the'CMOS process 

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 . 13 O. It will be obvious f:r;om the foregoing 

that the flash memory which is in the differential 

20 form and which is also excellent in the data ~etention 

ca~ability can pe 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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manufacturing process such as one called the "CMOS 

(Complementary Metal Oxide Semiconductor) process"; 

~nd to merge and package the flash memory into a 

complementary MIS logic LSI or a complementary MIS-

S DRAM forming a basis, without increasing the cost of 

manufacture. 

·r Microcomputer J 

Shown in Fig. 33 is a microcomputer (or 

mi:croprocessor) as a data processor which.is t~e 

· 10 second example of the semiconductor integrated circuit 

according to the present invention. The. microcomputer 

301 can ·also be located as 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 

''--"' complementary MIS process of singiei-layer gates. 

The microcomputer 301 inc·ludes a CPU (central 

20 proces~ing unit) 310 as a co.ntrol 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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circuit 314, etc. The memories 311, 312 and 313 can 

be regarded as memory modules, respectively. The CPU 

310, flash memory 311, 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·313 include respective flash 

memories 312FM and 313FM as nonvolatile memories in 

"-..._...,· 

10 

order to hold.remedy information which will be 

explained later.· 

Although not especially restricted, the 

input/output circuit 14 is connected to an· external ·· 

· address bus· 1 BA; an external data bus 1 BD, ··an · external 

control bus 18C, etc., and.it includes therein an 

.unshown input/output port which. is connected to the 

15 buses. 18A, · 1an, 18C, a bus controlle+ which controls. 

the starts of bus cycles for the external buses 18A, 

18D, 18C, etc., an input/output peripheral circuit 

I . ....._.,,, 

20 

which is represented by a serial interface circuit, 

and so forth. 

Although not especi~lly.restricted, the CPU 310 

has an execution unit .and a control un.it. The 

execution unit includes an arithmetic logic unit 

(ALU}' a prQgram counter (PC} I 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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utilized as work areas. The. control unit includes an 

instruction register to which program instructions 

supplied from program data or.· an operation system 

. program stored in the flash memory 311 are inputted in 

5 succes~ion, an instruction decoder which decodes the 

instructions stored in the instruction register and 

generates control signals for the execution unit, and 

so forth. ·The execution unit is coupled to the 

address bus 315, data ·bus 316 and control bus 317, and 

10 i~ 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 data bus 316. 

Accordingly, the CPU 310 controls the operation of the 
,• . 

15 ·microcomputer 301 entirely in accordance with the 

program data or, the opera~ion system program stored in 

the flash memory Jli. 
I 

·The DRAM 312 is a read/write m~ory of 

comparatively.large capacity which is utilized as the 

20 work memory or main m_emory 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 O to WLd Nd. The 
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selection terminals of normal dynamic memory cells are 

coupled to the normal word lines WLd_O to WLd_Nd, 

while the selection terminal of a redundant dynamic 

memory cell is coupled to the redundant word line 

5 WLdR. The data input/output terminals of the memory 

cells are coupled to bit lines BLd_O to BLd Md. 

·Although not especially illustrated, the bit lines 

10 

. . 

BLd_O to BLd Md has a folded bit line structure in 

·which they are folded back around sense amplifiers. 

These·bit lines BLd 0 to BLd Md are connected in 

common to a common data line ·312CD through y·· s~lectors 

YSd_O to YSd_Md. Incidentally, the dynamic memory 

cell includes a capacitance element which stores 

information therein, and a selection· MIS transistor 

· 15 which has a source - drain path between-one electrode 

of the capacitance element and the corresponding data 

line_ and whose g~te electrode as the selection element 

"-.,/" 

I 

is coupled to the corresponding word line. 

One of the word lines WLd 0 to WLd_Nd.and 

20 redundant word line WLdR is selected by an X decoder 

312XD. one of the Y selectors YSd o to· YSd_Md is· 

brought into its ON state by the decoded output of a Y 

decoder 312YD. · It is to be understood in Fig·. 33 that 

N sets, each consisting of the memory cell array 312MA 

25 and the Y selectors YSd 0 to YSd_Md, are d~sposed in a 
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direction perpendicular to the sheet of the dr~win~. 

Consequently, when a selection operation based on the 

X decoder 312XD and the Y decoder 312YP is performed, 

data are inputted/outputted to/f~om the common data 

5 line 312CD in N-bit units.· Write data is supplied 

from the data bus 316 to a data buffer 312DB, and a 

main amplifier 312MA drive~ the bit lines through the 

common dat~_li~e 312CD in acco~dance with the input 

''---> data. In a data readout operation., readout data · 

10 transmitted from the bit lines to the common data·line 

312CD is amplified by the main amplifier ·312MA, and· 

th.e amplified data is outputted from the data buffer· 

312DB to the data bus 316. 

Which of the normal word lines WLd 0 to WLd_Nd 

15 is replaced with the selectiol}. of the redundant word 

line WLdR,. is ~etermined by the remedy information 

stored in the flash memory 312FM. The remedy 
I 

information stored in the· flash memory 312FM is loaded 

into a reln.edy address register 312AR in synchronism 

20 with a reset operatic~ which is based on .the high 

level of a reset signal RESET. used as a control signal 

for initialization. T~e 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 312,FM and supplies the information to an 
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address comparison circuit 312AC in response to the 

high level of the reset signal RESET. 

When the loaded remedy information is valid, it 

is compa~ed ~ith a row address signal from the address 

5 bu~fer 312AB, by the address comparison circuit 312AC. 

10 

When the result of the comparison is agreement, a 

detection signal 312.P is set a~ logical value "1", and 

the others are set at logical value "0". The x 

decoder 312XD· and the Y decoder 312YD are supplied 

with tile address signal of the address bus 315 through 

the address buffer 312AB, and they decode the supplied 

address signal. Especially the·X decoder 312XD 

decodes the row address signal from the address buffer 

31"2AB when the detection signal 12<1> supplied from the 

15 address comparison circuit 312AC is the logical value 

"Q" signifying disagreement, whereas it is ·inhibited . 

from decoding the row address signal from·the address 

buffer 312AB and selects. the reCiu'.ndant word line WLdR 

instead when·the detection sig:qal ~12.P is the logical 

2 0 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 t_iming control of. the DRAM 312 is 

25 performed by. a timing controller 312TC. The timing 
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controller 312TC 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 

5 selection signal, from the address bus 315.' When the 

selection of the operation of the DRAM 312 is detected 

by the t~ing controller 312TC, the-circuits Of-the X 

decoder 312XD ·etc. are activated, so that when the 

readout operation is designated by-the read signal, 

10 the stored information of the memory cell selected .. 

from within the memory cell array-312MA is outputted 

to the data bus 316 through the main amplifier 312MA 

as well as the data buffer 312DB, and that when the 

write operation is designated by the write signal, 

15 inputted data is written into the memory cell selected 

f.rom within .the memory Gell array 312MA, through the 

data buffer 312DB as well as the main amplifier 312MA. 

The SRAM 313 is utilized as' a high-speed access 

memory, for example, a register file ·or data buffer 

20 memory or a cache memory. ·.The memory cell array 3_13MA 

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 memocy cells are 

_coupled to the normal word lines WLs_O to WLs_Nd, 

25 while the selection terminal of a redundant static 
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memory cell is coupled to the redundant word line 

WLsR~ The data input/output terminals of the static 

memory cells a;re .coupled _to complementary bit-lines 

BLs_O to BLs_Ms. The static memory c~ll includes a 

5. flip-flop which stores information therein, and a _pair 

of seiection MIS transistors whose source - drain 

paths are coupled between one pair of input/output 

nodes of the . fl.i~~flop and the corresponding pair · of 

complementary bit lines and whose gate electrodes as 

· 10 the·selection terminals are coupled to the ·. 

. \......./ 

corresponding word line. The complementary bit lines 

BLs_O to BLs_Ms are connected in common to a common 

data line 313CD through·Y selectors YSs_O to YSs Ms. 

one of the word lines WLs o to WLs·Ns and redundant - -
15 word line WLsR .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 memory cell array 313MA and the Y sel-ectors YSs O 

20 to YSs_Ms, are disposed in_ a d~rection ·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. s.upplied from the data 
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bus 316 to a data buffer 313DB, and a sense amplifier 

· 313·SA drives the bit lines through the common data 

line 313CD in accordance with the input data. In a 

data readout operation, readout data transmitted from 

5 the bit lines to the common data line 313CD is 

amplified by the main amplifier 3l3SA, and the 

amplified ·data is ~utputted from the data buffer 313DB 

to the data bus 316. 

10 

Which of the normal word lines WLs_O to WLs_Ns 

is replaced with the selection of the redundant word 

line·WLsR, is determined in a9cordance with·the remedy 

informa.tion stored in the flash memory· 313FM. The 

remedy information stored in the flash ~emory 313FM is 

loaded into a remedy address register 313AR in 
,. 

15 ·synchronism with the reset operation which is based on 

the high level of the reset ·signal RESET. The remedy 

address register 313AR includes a static latch·of a 
r 

plurality of bits, and it latches the remedy 

information outputted from the flash memory 313FM and 

20 supplie~'the information to an address comparison 

circuit 313AC in response to the high level of the 

reset signai RESET. 

When the loaded remedy information is valid, it 

is compared witb a row address signal from the· address 

· 25 buffer 313AB, by the address comparison circuit 313AC. 
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When the result ot the comparison is agreement, a 

detection_ sig.nal 313cp is set at logical value "1", and 

the others are set at logical value 11 0 11
• _The X 

decoder 313XD and the Y decoder 313YD are suppl.ied 

5 with the 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 from the address buffer 

~- . 313AB when the detection signal 3134> supplied from t_he 

10 address comparison circuit 313AC is the logical. va.lue 

11 0 11 signifying.disagreement, whereas it·is inhibited · 

from decoding the row address signal from the address· 

buffer 312AB and selects the redundant word line WLsR 

instead when the detection signal 313cp is the logical 

15 v~lue "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 lirle WLsR. 

The interna-1 timing control of the SRAM 313 is 

20 performed by ·a timing controller 313TC. The timing 

controll"er 313TC.is supplied with strobe si9nals, such 

as a read signal and a write signal, through the 

control bus .317 from the CPU 310, an~ with an address 

signal of a plurality of bits regarded as a memory 

25 selection signal, fr~m the address bus 315. When the 
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selection of the operation of the SRAM 313 is detected 

by the timing controller 313TC, the circuits of the X 

decoder 313XD etc. are activated, so that when the 

readout operation is designated by the read signal, 

5 the stored information of the memory cell selected 

from within the memory cell array 313MA is outputted 

to the data.bus 316 through the sense amplifier 313SA 

as wel·.;l. as . the data buff er 3 l3DB, and that when the 

write operation is designated by the write signal, 

10 ·inputted data is written into the memory cell selected 
1 

from within the memory cell array 313MA,_ through the ... 

data buffer 313DB. 

The flash memory 311 inciudes a memory cell 

array 311MA in which electrically programmable 

15 nonvolatile memory cells each having a control gate 

and a floating gate are ~rranged in the shape of a 

matrix. Here, the nonvolatile memory cell has the 
I 

construction explained with reference. to Figs. 6 and 

7, in which the nonvolatile memory elements 130 formed 

20 having the single-layer polysilicon gates are 

connected in the differential form. 

The memory cell array 311MA is used as an area 

for storing the operation programs of the CPU 310, 

etc. This memory cell array 31 lMA has a redundant 

25 word line WL'fR in addition to normal word lines WLf O 
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. to WLf_Nf. Th.e control gates of normal nonvolatile 

memory cells are cou:Pled to the normal word lines 

WLf_O to WLf_Nf, while the control gate of a redundant 

nonvolatile memory cell is coupled to the redundant 

5 word line WLfR. Bit lines BLf_O to BLf _Mf are coupled 

to the d~ains of the normal and redundant nonvolatile 

10 

memory cells. Each of the word lines WLf_O to WLf_Nf 

corresponds to the word line WL exemplified in Fig. 6, 

while each of the bit lines BLf_O to BLf_Mf 

corresponds to the pair of ·complementary data lines 

·DLt, DLb exemplified in Fig. 6. In Fig. 33, the· 

source line is omitted from illustration~ The sense 

amplifiers 143 explained with reference to Fig. 8 are 

disposed in correspondence with.the bit lines BLf_O to 

15 BLf_Mf, but they are omitted ·from illustration in Fig. 

33. 

The bit lines BLf 0 to BLf Mf are connected in 

common to a common data line 311CD.through Y selectors 

YSf O to YSf Mf. The conunon data line 311CD - -
20 corresponds to the pair of complementary conunon data 

lines CDt, CDb explained with reference to Fig. 8. 

one of the word lines WLf_O to WLf_Nf and 

redundant word line WLfR is selecte<:I by an X decoder 

311XD. One of the Y selectors YSf_O to YSf_Mf is 

25 brought into its ON state by the decoded.output of a Y 
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decoder 311YD. It is to be understood that N sets, 

each consisting of the memory cell array 311MA and the 

Y selectors YSf_O to. YSf~Mf, are disposed in a 

direction perpendicular to the sheet of the drawing •. 

5 Consequently'- when a selection operation based on the 

X decode~ 311XD and the Y decoder 311YD is performed, 

data are permitted to be inputted/outputted in N-bit 

units .between the memor:y cell and the common data line. 

311CD. Write data is supplied from the data bus 316 

10 to a data buffer 311DB, and a main amplifier 311~. 

drives-the common data line 311CD in accordance with 

the input data, whereby the bit line· is driven through 

the sense amplifier not shown. In a data readout 

operation, a signal read out of the bit line is 

1.5 differentially amplified by the sense amplifier (not 

shown), the resulting signal is transmitted to the 

common data line 311CD and is amplified by the m(:lin 

\..._/ .. 
amplifier 311MA,· and the.amplified 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_O 

25 and the bit line BLf o. The remedy.information stored 
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in the memory array-311MA is loaded into a remedy 

address register 311AR in synchronism with the reset 

operation which is based on the high level of the 

reset signal RESET. More specifically, a sequence 

5 controller 311SQ activates the sense amplifier (not 

shown) and the main amplifier 311MA so. as to be 

capable of the read operation, in response to the 

designation of the reset operation based on the reset 

sig_nal RESET. Besides, the X decoder 311XD and the Y 

10· decoder 311YD select the word· line· WLf_O and the bit 

line BLf_O in response to a reset_ period designated by 

the ·reset ·signal RESET. Thus,·. the remedy information 

of N bits is outputted from the main.amplifier 311MA. 

The remedy a~dress register· 3f1AR includes a static 

15 ·1atch of a_. plurality of bits, and it latches the 

remedy information outputted from the main amplifier 

311MA and supplies the information to an address 

20 

I 

comparison.circuit 311AC in respon~e·to the high level 

of the reset signal RESET. 

The address comparison circuit 311AC compares 

remedy row address information contained in the remedy 

.information and the row aqdress 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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value »1". When the detection signal 311cj> is the 

logical value "1", the X decoder 311XD inpibits the 

word line selection operation based on the row address 

from the address buffer 311AB and selects the 

5 redundant word ·line WLfR instead. Thus, a memory 

access _concerning a faulty word line is :replaced with 

10 

· the operation of selecting a redundant memory cell . 

concerning the redundant word line WLfR. . · 

The timing controls of the erase, write and 

readout operations of the flash memory 311, etc. are 

performed by the sequence controller 311SQ. ·The· 

sequence controller 311SQ is· supplied with strobe 

signals, such as a read signal and a writ.e signal·, 

through the control bus 317 from the CPU 310, and with 

15 a command through the data bus, and it is also 
. . 

supplied with an address signal.of a plurality of bits 

regarded as a memory selection signal, from the 

address bus 315. 

The construction of the flash memory ~11 has 

20 been described chiefly on the structures for 

redundancy and remedy. It is.to be understood that 

the construction except the remedying structure of the 

:s:;-edundant word line WLfR, address comparison circuit 

311AC, r~edy address register 311AR, etc. is 

25 substantially the same as the construction of ·the 
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flash memory explained with reference to Fig. 8. 

Besides, the flash memory 3l~FM built in the DRAM 312 

and the flash memory 313FM built ·in the SRAM 313, 

basically have substantially the same memory cell 

s arrangement as that of the flash memory explained with 

reference to Fig. 8. The point of difference from 

Fig. 8 is the construction in which, likewise to the 

flash memo·cy 311, the flash ·memories 312FM, 313FM · · 

\._, ... / ·deliver the remedy information to the remedy address 

10 registers 312AR, 313AR in response to the reset signa.1 

RESET, and the point .of differenc.e. from Fig. 33 is 

that they do not have the remedying ~edundant 

structure. 

The CPU 310 performs a series of data ·processing 

15 stated in a program, by executing such arithmetic 

processing that an instruction· stored in, e .• g., the 

flash ·memory 311 is fetched.and decoded, that operands 

20 

I 

necessary for _the execution of the instruction are 

derived from, e. g., the DRAM 312 or the SRAM 313 in 

·accordance with the result of the decoding, that the 

derived operands are processed, and that the result of 

the processing is stored in the DRAM 312 or the SRAM 

313 again. ·when the reset signal RESET is brought to 

its high level, the CPU 310 ~nterrupts any processing 

25 under .execution and initializes the required node ·of 
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its 'internal circuit into a predetermined logical 

state. In th~ reset period (the period of the high 

level of the reset signal RESET}·' not only the 

interior of the CPU 310, but also the internal 

5 registers of unshown peripheral circuits are 

initialized. Further, as explained before, _the 

processing of initially loading the remedy information 

into the. remedy address registers ·311AR, 312AR,, 313AR 

is perf.ormed in the flash memory 31_1, DRAM 312 , SRAM 

10 313. The· reset signal RESET is changed to the high 

level i:n response to any comma·nd such as system reset 

or power-ON reset based ·on the·turn-ON ·of an operating 

power source. When the reset signal RESET is negated 

to its low level, the ·CPU 10 starts reset exception 

15 processing. The internal initialization of the CPU 10 

during the reset period is.done for a program counter, 

a stack pointer, and controlling registers such as a 

status register. Besides, in ths case of the power-ON 

reset, the operation of a clock generator circuit is· 

20 stabilized in a time period since the turn-ON of the 

power source till the release of the reset, so that a 

stable clock·signal can be fed to the CPU 310 etc. 

after the release of the reset. 

Indicated at numeral 320 in Fig. 33 is the mode 

25 control circuit (CNT} of the microcomputer 301. A 
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control.signal 321 is made a· mode setting control 

signal of one bit or a plurality of bits for 

designating an operation mode (EPROM writer mode) in 

wh~ch 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 • 

10 

. When the E~ROM writer mode is set in the microcomputer 

301, the function of the external input/outpu~. ~ircuit 

314 is altered so that the microcomputer 301 may have 

an ex:ternal interface funqtio.n apparently ·equival~~t · 

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 

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 ~15, 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 

- 91-



5 

'10 

15 

\ ....... / 

20 

the command of the write operation based on the 

external write signal. When the EPROM writer mode is 

not set, .the flash memories 311, 312FM, 313FM are 

accessible under the control of the CPU 310. 

In the EPROM writer mode, a plurality of sorts 

of high voltages Vppi necessary for the erase and 

write operations of the flash memories 311, 312FM, 

·. 313FM are fed from outside. Accordingly_, the flash 

memories 311, 312FM, 313FM need not be furnished with 

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 

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 ~he CPU 

310. The omission of the boosting supply voltage 

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 suffic.es to be written into 
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the flash memories 312FM, ·313FM at the i;tage of 

manufacture. By the way, in an intended u_se requiring 

the on-board programming, the boosting circuits may 

well be built in the flash memories under the 

5 condition that the application of a single supply 

voltage from outside suffices. Even with this 

contrivance, a storage capacity suffices with several 

tens to· several hundred bytes in most cases, in each 

\..._, of the flash memories 312FM, 313FM dedicated to store . 

10 the remedy information. 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. Further, .in that case, the 

stepped-up voltages of the dedicated boosting circuit 

20 may well be appli~d to the erase and write opera~ions 

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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processing step for cutting fuses, thereby to curtail 

a testing cost •.. 

· Incidentally, the flash memories 312FM, 313FM 

are not restricted to the memory cells of the 

5 differential form as shown in Figs. 6 and 7, but they 

may well empl9y electrically erasable and programmable 

nonvolatile memory cells of single-layer polysilicon 

gates. 

10 

15 

20 

[Caphe Memory] 

Shown in Fig. 34 is a detailed example in th~ 

case where the SRAM 314 in Fig. 3·3 is incarnated as a 

- t:ache 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 10~ in Fig. 2. 

Altnou9h 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 forins up to 2·56 cache lines, and which is 

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 arra~ged, 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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arranged, respectively. 

One cache line.contains a cache tag (address 

tag) CTAG formed by physical page No.,· a validity bit 

v as well as an unshown dirty bit, da~a LWO 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 LWO to LW3 are located in the 

"'-' data arrays 401T, 401R. Tbe validity bit v 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 lo·gical value 

II 0" • 

- 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 

AidJt is decod~d by an address decoder 410, and the 

cache line is selected in the notmal arrays 400T, 401T 

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 

- 95 -



\..._.,,· 

,agreement, .the operation of selecting the normal array 

by the address decoder 410 is inhibited. The cache 

tag of the selected cache line is compared with a tag 

address Atag on the upper digit side of the 

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 ul", a cache hit/miss signal 404 which is 

outputted from a.n AND gate 403 is brought to the 

10 logical value ."1". On the other hand, cache line ·~ata 

15 

of 32 bytes indexed by the data array 401 is selected 

by a selector 405 on the basis of a long word address 

Award consisting of the lower digit side bits 2 and 3 

of the address signal. 

When the cache hit/miss signal 404 indicates the 

state of the logical value "~" (cache read hit state) 

in a read access, a cache control circuit 407 controls 
I 

an input/output circuit 406 so as to supply the data 

bu~ 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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case where the cache hit/miss signal 404 indicates the 

state of the logical value "1" (cache write hit state) 

·in a write access, data is written into the hit entry 

and the dirty bit of the entry is set, subject to·the 

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 

451 by the cache fill operation, 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". (c~che write miss state) in the· 

15 write access, the cache.fill operation is performed, 

the dirty bit is set to update·the tag address, and 

data is written into the filled cache line, subject to 

. 20 

the copy-back mode. I ' In the case of the write-through 

mode,·data is written into only the external memory. 

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 
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entry., the logic of, for example, LRU (Least Recently 

used) is conformed to, and the cache entry recently 

used least is set as a subject for the replacement. 

The ~eplace 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 c~che memory dispenses with ·a fuse 

. programming circuit 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 

memory cells of t~e .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. 

· Al though 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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that it is.variously alterable within a scope not 

departing from the purport ~hereof. 

By way of example, the contrivance in which the 

word line selecti~n 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 · 

10 

form, and it is not restricted to the nonvolatile 

memory elements of the single-layer polysilicon gate 

structure. 

In addition, the MIS tr·ansistors 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 co.nductivity types of the respective 

semiconductor regions constituting the·nonvolatile 

memory elements 130 shown in Fig~ 1 may be reversed to 

those in Fig. ·1. In this case·, it is possible by way 
. . 

20 of example to set voltage conditions for the erase of 

the nonvolati~e memory elements at Vnw = 3.3 v, Vd = 

open, Vs = -5 V and Vw = O v, voltage_ conditions for 

the write at Vnw = 3.3 v, Vd = o v, Vs = 4 v and vw = 

5 v, and voltage conditions for readout at Vnw = 3.3 

25 v, Vd = O v, Vs.= 1.8 V and Vw = 0 v. 
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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 

5 the circuit constants of the MIS transistors · 

constituting the sense amp·lif ier. Vnw, Vd ~nd 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-

10 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 

15 polysilicon is combined with tung.sten silicide or· the 

like. Likewise, the metal wiring is not restricted to 

.the aluminum wiring, but it may well be tungsten 

. 20 

' wiring, copper wiring, or any other stacked film 

wiring. 

Besides, the threshold voltage states of the 

erase state and the write state may well be defined 

reverse ·to the forego,i.rig. Moreover, the circuit 

moduLes which are merged and packaged in the 

semiconductor integrated circuit are not restricted to 

25 those in Fig. 2 and Fig. 33, and it is not excluded to 
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merge and package any other circuit such as a direct 

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 

10 

15 

·operation mode. Besides, redundant data lines may 

well be· 1aid in order to remedy faulty bits. Also,­

the cache memory is not restricted to the direct map, 

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 

bri·efly explained as fallows : 

The differential connec~ion form of nonvolatile 

memory elements is-· adopted for the memory cell of a 

nonvolatile memory, and the initial threshold voltage 
. I 

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 havlng 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 selec.tion voltage, and that the 

nonvolatile memory e1·ement is therefore in the 

transient state or intermediate state between its ON 

state and its OFF state, whereby its signal state 

transmitted to th~. sense amplifier through a data line 

10 brings this sense amplifier 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, whe~eby a 

long~t~rm data retention capability is enhanced, and 

20 

.lowering in the rate of readout faults can be 

realized.· 

Especially in case of previously setting the 

initial threshold voltage at a voltage ·near the 

average value between the relatively low threshold 

voltag~ 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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of the high threshold voltage o~ the nonvolati.;I.e 

memory element a~d the occurring probability of faults 

ascribable to the gradual ris-e 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 ~emory 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-layer gate 

.structure is made common with the thicknesses of the 

gate oxide Iilins 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 c-omplication 

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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point of the gate oxide film thickness when-equalizing 

the gate insulating film thickness of the nonvolatile 

memory_ elements to that of the MIS transistors.of an 

external interface circuit as explained ·above, the 

5 information retention capability can be enhanced still 

more in such a way that the memory cell in which the 

nonvolatile memory elements are connected in the 

differential form is adoptedi and that, as described 

before, the initial threshold voltage of the 

nonvolatile memory elements is determined in relations 

15 

to the sensitivity of the sense amplifier and the word 

line selecti.on voltage a,nd also in relations ·to·· the 

high threshold voltage and low threshold voltage of 

the nonvolatile memory elements. 

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 

.. : iri,tegrated circuit such as system LSI in wliich 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 

25 

· high reliability can be formed· without adding any step 

to a related art manufacturing process such as 

standard CMOS manufacturing process, the present 

invention is readily applied to· an LSI in which the 
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nonvolatile memory and a logic LSI, or· the nonyolatile 

memory and a DRAM are merged and packaged on an 

identical semiconductor. substrate. Accordin9ly, a 

system LSI in which a flash memory is merged and 

5 packaged can be provided without increasing the cost 

of manufacture. 

·. 
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What is claimed is: 

1. A semiconductor integrated circuit comprising a 

nonvolatile memory which comprises a nonvolatile 

memory cell including a pair of electrically 

5 programmable nonvolatile memory elements each havi_ng a 

source, a drain, a floating gate and a control gate, 

the pair of control gates being coupled to one word 

line, the pair of drains being respectively coupled to 

a pair of complementary data lines, and. in which 

10 

15 

20 

i~formation 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 a~plified by a sense amplifier, 

wherein 

a selection voltage which is applied to said 

word line for the purpose of information readout from 

said nonvolatile memory elements is substantially 

equalized to an--·initial threshold voltage of said 

nonvolatile memory elements. 

2. A semiconductor.integrated circuit comprising a 

nonvolatile memory which comprises a nonvolatile. 

·memory cell including a pair of electrically 

programmable nonvolatile me~ory elements each having a 

MIS transistor and a control gate that is disposed so 

25 as to interpose an insulating film between it and a 
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floating gate of the MIS transistor, the pair of 

control gates being connected in common to a word 

line, drains of the pair of MIS transistors being 

respectively coupled to different complementary data 

s· lines, and in which information items read out on the 

pair of compl_ementary data lines in accordance with 

mutually different logical states o~ the pair of 

nonvolatile memory elements are differentially 

amplified by a,sense amplifier, wherein 

10 a difference voltage between a selection vol.:tage 

which is·applied to s~id word line for the purpose of 

the information readout from said nonvolatile memory 

elements and an initial threshold voltage of said 

nonvolatile m~ory elements is a voltage b~ing smaller 

15 than a voltage width of an input voltage range within 

which said sense amplifier is subjected to a transient 

response operation. 

20 

3. A semiconductor integrated'circuit as defined· in 

Claim 2, wherein 

the mutually different logical states of said 

pair of nonvolatile memor1' elements are determined by 

a relatively low thresbold voltage state of one of 

said _no.nvolatile memory elements and a relatively high. 

threshold voltage state of the other nonvolatile 

25 memory element; and 
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15 

20 

.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. 

4. A semiconductor integrated circuit as defined in 

Claim 2, wherein 

the source and the drain are formed of 

semiconductor regions of second conductivity type 

which are provided . in a semiconductor region of. first 

conductivity type; 

said floating gate is formed of a conductive 

layer which is arranged over a chan~el defined b·etween 

said source and said d,rain, through a gate insulating 

film; and 

said control gate is formed of a semiconductor 

region of the second conductivity type which is 

arranged under a portion of_ the conductive layer 

extended from said floating gate~ through a· gate 

insulating film. 

s. A semiconductor integrate4 circuit as defined in 

Claim 4, wherein said floating gate is formed having 

an ·impurity of the first conductivity type. 

6. ·· A semiconductor integrated circuit as defined in 

Claim S, further comprising a volatile storage circuit 

25 in which control information read out of said 

111111111111111111111111111111 
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nonvolatile memory is held, :and a volatile memory 

which includes a plurality of first volatile memory 
' 

cells and second volatile memory cells and in which 

the first volatile memory cell is replaced with the 

5 second volatile memory cell in accordance with the 

control information transferred to said volatile 

10 

storage circuit. · 

7. A semiconductor integrated circuit as defined in 

Claim 6, wherein_ said volatile memory is a cache 

memory, and that a central processing unit connec~ed 

to said cache memory is further comprised. 

a. A semiconductor integrated circuit.as-defined in· 

Claim 5, wherein said nonvolatile memory constructs a 

part or the whole of a programmable logic circuit 

15 whose stored information determines an output logical 

function corresponding to an input. 

9. A semiconductor integrated circuit in which a 

logic ci:c:cuit, a nonvolatile mem6ry and an external 

interface circuit are merged and packaged on a 

20 semiconductor substrate, wherein 

said nonvolatil~ memory comprises a nonvolatile 

memory element which is constructed so as to be 

electrically programmable by a MIS transistor and a 

control gate; said MIS transistor having a source and 

25 a drain of second conductivity type formed in a 
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semiconductor region of first conductivity type, a 

gate insulating film formed on a channel. defined 

between said source and said drain, and a floating 

gate formed on said gate insulating film; said control 

5 gate being made of a semiconductor region of the 

second conductivity type formed·~nder an extension 

portion of said floating gate through a gate 

insulati:Qg film; and 

10 

a gate insulating film of said MIS transistor 

constituting said nonvolatile memory element, and·.~ 

gate ins-ulating film of.a MIS transistor included in 

said external interface circuit have substantially 

equal thicknesses. 

10. A semiconductor integrated circuit in which a 

15 logic circuit, a nonvola~ile memory and an exter~al 
. . 

interface circuit are included on a semiconducto~ 

substrate, wherein 

said nonvolatile memory comprises a nonvolatile 

memory cell which includes a pair of.nonvolatile 

20 memory elements each being constructed so as to be 

_electrically_ programmable by a MIS transistor and a 

control gate; said MIS transistor being formed with a 

source and a drain··of second conductivity type in a 

semiconductor region of first conductivity type, and a 

25 floating gate over a channel defined between said-
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source and said drain, through a gate insulatin9 film; 

said control gate being made of a semiconductor region 

of the second conductivity type formed under an 

extension portion of said floating 'gate through-a gate 

· 5 insulating film; and in which the pair of ·control 

gates are connected in conunon to a word line, while 

drains of the· pair of MIS transistors are coupled to a 

pair of complementary data lines; sa~d nonvolatile 

'\.._.., memory being so operated that information items read 

'.....__,; 

10 out on said pair of complementary data lines in • ... 

accordance with mutually different threshold voltage 

states of said pa·ir of nonvolatile· memory elements are 

. differentially amplified by a sense amplifier; 

·a difference voltage between a selection voltage 

15 which is applied to said word line for the purpose of 

the information readout from said nonvolatile memory 

elements and an initial threshold voltage of said MIS 

transistors constituting said nonvolatile memory 

elements is a voltage being smaller than a voltage 

20 width of an input voltage range within which said 

sense amplifier is subjected to a transient response 

operation; and 

the gate insulating films of said MIS 

transistors constituting said nonvolatile memory 

25 elements, and a gate insulating film of a MIS 
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transistor included in said external interface circuit 

have.substantially equal thicknesses. 

11. A semiconductor integrated circuit as defined in 

Claim 10, wherein 

the mutually different threshold voltage state·s 

of said pair of nonvolatile memory elements are 

determined by a re;tatively low .threshold voltage state 

of one·of said nonvolatile memory elements and a 

relatively high threshold voltage state of the other 

nonvolatile memory element; and 

· the initial threshold voltage is a voltage which 

is near ah average value between the r~latively low · 

threshold voltage and the relatively high threshold 

voltage. 

12. A semiconductor integrated circuit as defined in 

Claim 11, wherein a DRAM is further included·on said 

semiconductor substrate, and that a gate insulating 

film of a MIS transistor included in·said. DRAM and 

said gate insulating film of said MIS transistor 

included in said external interface circuit have 

substantially· equal thicknesses. 

13. A semiconductor integrated circuit as defined in 

Claim 12, wherein the thicknesses of said gate 

insu"iating films are substantially equal within an: 

25 allowable range based on process deviations. 
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14. A semiconductor integrated circuit as defined in 

Claim 11, wherein the gate insulating films of said 

MIS transistors constituting said nonvolatile memory 

elements are formed to be thicker than a gate 

5 insulating film of .a MIS transistor included in said 

;togic circuit. 

10 

15. A semiconductor integrated circuit as defined in 

Claim 11, wherein the floating gates of said MIS. 

transistors constitutin:g said nonvolatile memory 

elements,. a gate of a MIS transistor included in s~id 

logic circuit, and a gate of said MIS transistor ·. 

included in the input/output circuit are· formed at 

substantially equal film thicknesses. 

16. A semiconductor integrated· circuit as defined in 

15 Claim 12, wherein the floating gates of said MIS 

trans·istors constituting said nonvolatile memory 

elements, a gate of a MIS transistor included in said 

logic circ~it, a gate of said MIS transistor included 

in the input/output circuit, and a gate of said MIS 

20 transistor included in said DRAM are formed at 

substantially equal film thicknesses. 

17. A semiconductor integrated circuit as defined in 

Claim·· 16, wherein the -thicknesses of said gate· 

insulating films are substantially equal within an 

25 allowable range based on process deviations. 
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18. A semiconductor integrated circuit in which a 

l~glc circuit, a nonvolatile memory and an external 

·interface circuit are included on a semiconductor 

substrate, wherein 

.said nonvolatile memory comprises a ··nonvolatile 

memory element which is constructed so ·as to be 

electrically programmable by a MIS transistor and a 

control gate; said MIS transistor being formed with a 

'---- source and a drain of second conductivity type in a 

10. semiconductor region ~f first conductivity_ type, and a 

floating gate over a channel defined between said 

source and said drain,.through a gate·insulating film; 

said control gate being made of a semiconductor region 

of the second conductivity type formed under an 

15 extension portion of said floating gate through a gate 

insulating film; and 

io 

25 

said gate insulating film of said MIS transistor 

constituting said nonvolatile m~ory element is formed 

to be thicker than a gate insulating fi·lm of a MIS 

transistor included in said logic circuit. 
/ 

19. A semiconductor integrated circuit in which a· 

logic circuit, a nonvolatile memory and an external 

interface-circuit a~e formed on a semiconductor 

substrate, wherein 

.said nonvolatile memory comprises a nonvolatile 
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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; said MIS transistor being formed with a 

5 source and a drain of second conductivity type in a 

semiconductor region of first conductivity type, and a. 

floating gate over a channel·defined between said 

source and said drain, through a gate insulating film; 

said control gate being made of a ~emiconductor·region. 

10 of the second conductivity type formed under an 

·ex~ension portiol) of said floating gate through a gate 

insulating film; and in which the pair of control 

gates are connected in commo~ to a word line, while 

drains of the pair of MI-S .transistors are coupled to a. 
" 

·15 pair of complementary data' lines; s~id nonvolatile. 

memory being so operated that information items read 

out from the nonvolatile memory cell o~to said pair of 

complementary data lines in accordance with mutually 

different threshold voltage states ot said.pair of 

20 nonvolatile memory elements are differentially 

.·amplified by a sense amplifier; 

a difference voltage between a selection voltage 

which is applied to s·aid word line for the purpose of 

the information readout from said nonvolatile memory 

25 elements and an initial threshold voltage of said MIS 
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transistors included in said nonvolatile memory 

elements is .a vol taqe being smaller than a voltage 

width of an input voltage range within which said 

sense amplifier is subje_cted to a transient response 

5 operation; and 

·the gate insulating films of said MIS 

transistors const.l.tuting said nonvola,tile memory 

elements are formed to be thicker than a 9ate 

·......___.., insulating· film of a MIS transistor included in said 

10 logic circuit. 

2·0. A semicond,uctor integrated circuit as defined in 

·Claim 19, wherein 

the mutually different threshold voltage states 

_of· said pair of nonvolatile memory elements ·are 

15 determined by a relatively low threshold voltage state 

of one of said nonvolatile memory elements and a · 

relatively high threshold voltage state of the other 

nonvolatile memory el~ent; and ' 

20 

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. 

21.. A semiconductor .integrated circuit as defined in 

Claim 20, wherein a DRAM is further included on said 

25 semiconductor substrate, and that a gate insulating 
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film of a MIS transistor included in said DRAM has a 

thickness equal within an allowable range based on 

process deviations, to that of said gate.insulating 

films of said MIS transistors constituting said 

s .nonvolatile memory elements. 

10 

22. A semiconductor integrated circuit as defined in 

Claim 21, wherein the allowable ·range of the gat~ 

insulating film thicknesses based on the process 

deviations is approximately ±0.5 nm relative to a 

target film thickness. 

23. A semiconductor.integrated circuit as·defined·in 

Claim 20, wherein the floating· gates of said MIS 

transistors· constituting said nonvolatile memory 

elements, a gate of a MIS transistor included -in said 

15 logic circuit, and a gate of a MIS transistor included 

in the input/output circuit are formed at film 

thicknesses equal within an allowable range· based on 

process ·deviations. 

24. A semiconductor integrated circuit as defined in 

20 Claim 21, wherein the floating gates of said MIS 

transistors constituting said nonvolatile memory 

elements, a gate of said MIS transistor included in 

said logic circuit, a gate of a MIS.transistor 

included .in the input/output circuit, and a gate of 

25 said MIS transistor included in said DRAM are formed 
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\.__; 

at film thicknesses equal within an allowable range 

based on process deviations. 

25. A semiconductor integrated circuit as defined in 

Claim 24, wherein the allowable range of the gate film 

5 thicknesses based on the process deviations is 

approximately ±10% relative to a target film 

thickness. 

10 

26. A semiconductor integrated circuit as defined in 

Claim 20, further comprising a volatile storage 

circuit in which control information read out of said 

nonvolatile memory is held, and a volatile memory 

which includes a plurality of f ir~t volatile memory 

cells and second volatile memory cells and in which 

the first volatile memory cell is replaced with the 

15 second volatile _memory cell in accordance with the 

control·information.transferred to said volatile 

2 .. 0 

storage circuit. 

27. A semiconductor integrated'circuit as defined in 

Claim 26, wherein said volatile .memory is a cache · 

memory, and ~hat said cache memory is connected to 

said logic circuit. 

28. A semiconductor integrated circuit as defined in 

Claim 20, wherein said nonvolatile memory constructs a 

programmable logic circuit whose stored information . . 

25 determines an output logic~! function corresponding to 

111111111111111111111111111111 
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5 

10 

an input. 

~9. A semiconductor integrated circuit comprls.ing: 

a·memory array which includes a plurality .of 

volatile memory cells; 

an electrically erasable and programmable· 

nonvolatile memo.ry in which remedy information for 

said memory array is stored; · 

a volatile storage circuit in which the remedy 

information .stored in the nonvolatile memory cell·is 

to be stored; and 

a signal line·which transmits a control signal· 

"tor giving connnands in parallel for an operation of 

reading said remedy information out of said 

nonvolatile me~ory and an operation of writing said 

15· remedy information into said volatile memory; 

20 

said·nonvolatile memory including gate 

electrodes of single layer • 

. 30. A semiconductor integrated 'circuit as defined in 

Claim 29, wherein the control signal is a reset 

signal. 

31. A semiconductor integrated circuit as defined in 

Claim 30, wherein said memory array includes memory 

cells of a dynamic random access memory. 

32. A semiconductor integrated circuit as defined in 

2s Claini 30, wherein said memory array includes memory 
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cells of a static random access memory. 

33. A semiconductor integrated circuit as defined in 

Claim 32, wherein said. memory array is a cache memory. 

34. A semiconductor integrated circuit as defined in 

5 Claim 30, wherein said nonvolatile memory is 

configured of memory cells which are coupled in a 

differential form. 

10 

35. A nonvol.atile memory element comprising: 

a semiconductor substrate; 

a first well region of first conductivity type 

which is formed in said semiconductor substrate; 

a second well reg·ion of second conductivity type 

which is formed in said semiconductor substrate; 

a source region of the second conductivity type 

15 which is formed in.the first well, and which is to be 

20 

coupled to· a source line; 

a drain region.of said second conductivity type 

which is formed in said first weil, and which is to. be 

-coupled to a data line; 

a first insulating film which is formed on a 

part of a principal surface of said first well region· 

as lies between said source.region and said drain 

region; 

a second insulating film which is formed on a 

25 principal surface of said second well- region; 
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a gate electrode which is formed on the _first 

and second insulatinq films; 

a first reg_ion which is formed in said second 

well region, and which is. to· be coupled to a word 

5 line; and 

10 

a second region which is formed in said first 

well region, and which serves to feed a potential to 

said first well region; 

a p·otential of said source region being set 

relatively higher than potentials of. said first 

region, said ~econd region and said drain region when 

electrons accu~ulated in said gate electrode· are to be 

.discharged. 

36. A nonvolatile memory element as defined in Claim 

15 35, wherein, when the electrons accumulated in said 

gate electrode are to be discharged, the potentials of 

said first region, said second region and said drain 

region are respectively set at a
1

first potential. 

37. A nonvolatile memory element as defined in claim 

20 35,-wherein the potential of said source region is set 

at 7 volts, while the potentials of said first region, 

said second fl~w region and said drain region are 

respectively set at a ground potential. 
. . 

3 8. A nonvolatile memory element as defined in Claim. 

25 35, wherein, ·when electrons are to.be accumulated in 

- 121 -

111111111111111111111111111111 
* C L M S * 



·.'-....- ; 

said gat~ electrode, potentials of said second region 

and said source region are respectively set at a first 

potential, a potential of said drain region is set at 

a second potential being relatively higher than the 

5 first potential, aJld a potential of said second region 

is set at a third potential being relatively higher 

·than the second potential. 
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