-2099649 "Electrically Programabl e Read Cnly Menory". The present invention
relatee to an electrlcally progranabl e read only nenory (hereinafter, (~
gbbréV|ated to "EPROM'). A known EPROMwith its wite-down efficiency 5
enhgaced has been disclosed in the Specification of British ( Patent

|on No. 81.19691 (published under Serial No. 2,0 f-0 gpa}gsﬁggn
t hg abpwe di scl osed EPROM a non-vol atile nmenory elenent t her €o

e which includes a 10. floating gate el ectrode and a control
gate electrode overlying the fornmer gate electrode, and a high inpurity
concentration region having the sane conductivity type as that of a
substrate is forned in that peripheral portion of the sem conductor surface
of t.he non-volatile menory 15 el enent which underlies a gate
i nsul.a@ting filmand which extends. ign a2 channel direction. In the

non-vol atile nenory el enment of such a structure, when a source - drain
current flows during a wite-down operation, the presence of the high

&

inpurity concentration region i mproves the 20 generation efficiency
of hot electrons that th 'te down speed i s _enhanced. -2- The o
speci fication of_fgi.SEEE ead OnlycMemoryfles not teach a

construction which sol ves ot her problens i'n EPROVE and a new probl em
occurring in the case of the structure formed with the 5 hi gh

i mpurity concentration region as stated above. W have found that in .order
to raise the wite-down efficiency of charges into a floating gate,

The present invention relates to an electrically .
programable read only memory (hereinafter, abbreviated to
“EPROM")

| | A known EPROM with its write-down efficiency
5 enhanced has been disclosed in the Specification of British (i"
Patent Application No. 81.19691 (published under Serial
No. 2,¢foot4 ).
In the above disclosed EPROM, a non-volatile
memory.element thereof has a structure which includes a
10 floating gate electrode and =a control gate electrode
overlying the former gate electrode, and a high impurity
concentration region having the same conductivity type as
' that of a substrate is formed in that peripheral portion
of the semiconductor surface of the non-volatile memory
15 element which underlies a gate insulating film and which
extends in a channel direction. In the non-volatile
memory element of such a structure, when a source - drain
" current flows during a write-down'operation, the'presence
of the high impurity concentration region improves the
20 generation efficiency of hot electrons, so that the

Write-down'speed is enhanced.



“a.wite-down voltage to be applied to a non-volatile nmenory el ement shaul d
deS|rany be a greater nmagnitude 10 in arange in which a pn-j
sdegs\not substantially break down. However, in the case where the hi
inpurity concentration region is arranged as stated above, the pn-jun€fion
thus formed by the drain of the non-volapile 15 menory el ement and the
“high inpurity concentration region causes the aval anche breakdown even at a
conparatively |ow reverse voltage. In the case where the pn-junction of the

non- vol atile nenory el enent has, under go val anche br eakdown
due to a wite-down v %g%P%Q#£$ u%g %f% ?8?‘P?ntﬁﬁpﬁg created in

th t d h
Cor e ATELASEELA) bl F, ‘?“‘%? B e PoR LR O D

interface b e and SI I con erlying the
fl oati ng gatsobfes hethem-prdbleéens irenEPROMS and a néwnpnoblemFurt her nor e,

we have found as l?jé%es Itggéméqr'\g?es g@tpéogﬁﬁu?%%g;rgaﬁégl C %él?]nj ected
by rewite- S n S I d the
te-d | t
ug it e- down £yl | fﬁllf‘v.t&gf?eve é&i@x‘&ﬁorg géé! s‘f:%”ee&” éﬁ&véown vol'tage

nust have 30 contr actor| In an
integrated circuit, 61ﬁ%Lh&wetﬁoundrthatubhamrdernbonrqiséeﬁbets are

g!rreﬁgg;ag :’; a @tr x for T e dr ai s of a%gpf%glltyﬁfaagfﬂng?/ol é;lg nmenory
line in conmpRmy &296%1% t&%é’sa lfe@lﬁﬁaﬁdﬁEngﬁoﬂé’ﬁiIQI atile

nmenory elenents arranged I n sanme row are couple a single word
line in commemory element should desirably be a greater magnitude

10 in a range in which a pnpjunction does not substantially
break down.
' However, in the case where the high inpurity
concentration region is arranged as stated above, the
w pn=Jjunction thus formed by the drain of the non-volatile
15 memory element and the high impurity concentration region
' causes the avalanche breakdown even at a comparatively low
reverse voltage.
. ' ' In the case where the pn-junction of the non-
arolatile memory element has undergone the avalanche
20 breakdown due to a write-down voltage controlled
unsatisfactorily, holes creafed in the pnrjunction according
to the avalanche breakdown are injected 1nto the interface
between a silicon substrate.ahd silicon dioxide
. underlying the floating gate of the ﬁonsvolatile memory
25 ‘element. Furthermore, we ha#e found as a result of
investigatiohs, clectrons which are injected by rewrite-
down recombine with the holes in the floating gate,
and the rewrite—down efficiency deteriorates.
Accordingly, the write-down voltage must have
30 its level controlled satisfactorily. |



I.n,.accordance with such arrangenent, one non- volatile nmenory elenent is
selected ,through a given word 10 line and a given bit line. In order
to wygndown an information into one non-volatile nmenory elenent, a

] voltage is supplied to one bit line (selected bit Ilne) W th

~whi ch ¢ non-volatile menory elenent is coupled, and a word- 15 I'ine -
signal at-a selection level is supplhedBLo one word line (selected word -
line). The high level of the wite-down voltage is a conparatively high
vol t age, and rai ses the potential of the floating gate to an unnegligible

| evel through the 20 Eﬂﬁﬁ% Qﬁﬁf e al n.and
floating gate of the non Vaxf eéxl nenory e %‘?rfe?ﬁ Q%W%%ﬁftgf ‘hé}hnel | eak
currents fl owd]m‘lﬁ]lfe Memoryt @Yerbrity-ard Aitanged iy @ BaEri® £os@) ed with
the' selected bit line. The _.nunher. of non-volatile elenents to 25

be coupl ed wi &?@iﬁﬁ qf-i' I?GHW% of nanptRlatile erery iRlements the

nmenory capaci eas
i ncrease of taftf m§m)ry capaC| ty sme Eeql‘&ﬁ*(her &g@ﬁé w:igﬁé % %fegt]ﬁg@
‘mendy capacilipehdn loommoncwhdded tﬁéecomltzmngam oD Cd esBFallty of tO

render the power c tion unduly hi gh. =~ ~Wen_the | eakage currents have
i ncreased exBOBSVH g'lealﬂ;% shementeAranged finkhe sane rew ared

non-vol atile t- 0l ﬁﬁgordlngly, t he current
driving ab|||??5% a%éﬁﬁ?% giﬁ%%?a-gd |Léj éb ‘e enhanced. Thi s
i nevitably necessit at eInmaaccordance mitwestmlzaﬁaﬁmtﬁ ore afon~

constitute the_wite-down cirguit. The |.eakage currents fluctuate -
conparatlvely°lat1 e memory element is selec ed through a given word

10 line and a given bit line.

) In order to write down an information into one
non-volatile memory element, a write—down voltage is
‘supplied to one bit line (selected bit line) with which |
the nonevolatile memory element is coupled, and a word

15 _ line signal at a selection level is supplied to one word
| line (selected word line). '

. The high level of the write-down voltage is a
comparatively high voltage, and raises the potential of the
floating gate to an unnegligible level through the

20 parasitic capacitance between the drain and floating gate
of the nonpvolatile memory element.

As a result, channel leak currents flow to the
nonrselected nonsvolatile memory elements coupled with the’

_ selected bit line. The number of non-volatile elements to

25 be coupled with one bit line increases in proportion to
the increase of the memory capacity. Accordingly, the
leakage currents increase with the increase of the memory
capacity. In other words, in cases where the memory
capacity has been increased,_the idle current_increases

30 to render the power consumption unduly'high. |
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greatly due to, not only the manufacturing dispersiOns-iO' of the
non-vol atile nmenory el enents, but also the variation of the operating .5

t erature. Accordingly, a wite-down circuit appropriately designedsis
requitred. Unless the appropriate wite-down circuit is designed, the yield
of products will Fower. 15 - - 4 - |t has al so been known that the:

| eakage currents are reduced by connecting the sources of a plurality of
non-vol atile nenory elenents to earth through a single common resistor as

di sclosed in German O it 1. 0 W
have found t hat one<ﬁ@§é&an ag%a%?é$%ecéﬂgé%tgoﬁ?v§o+%?7?%sﬁ%nDry el enent s
is that sincexédesipely; Ldlardtetdewh ecltrgentuvhichsfliewsnto utbe t he

resi stance of the conmon resistor, great disgeriians are invoIVSgiinlthe

| eakage cur restected nonrvrirtile (REROTY: 6LeMERL fRCTRAsSes accordingly.
manuf acturing factors | r dai Lt g ' bpecg of the
present invention to p@%?/é%%i%%i%g@fl %ﬁﬁ:ﬂsﬁ% ?ﬁ%v#é%??jé-ﬁgggmbgf ficiency

I S Hrevent edyite+deim oclreitlt dnudt cbe denbancedbe pTeisnineviitablyn there 5

is’ | ded | i cal bl d I Lncluding: -

2t | cast oncapRRRLItes cARchRrTearartn: thi ShZRa Aol POSFFRGVELER. |

el ectrode_angoae£ARt ol 08Pt ECALRCC1 ABf1£0 (b a
n I C

pn-junction erene aving a junction is simlar to the drain

_junction of the non- VMhetléskageocyreentsnfluctgatevebmparatively- down
oltage 1o be scpl Leg 0 Lhe 0LaL of e uDohe KLy aPEARRALGAE™""

bei ng deter | _ lng"

10 of the non-volatile memory elements, but also the
variation of the operating tempefature. Accordingly, a
write-down circuit appropriately designed is required.
Unless the'appropriate write-down cifcuit is designed,
the yield of products will lower.

15 - It has also been known that the leakage currents

| are reduced by connecting the sources of a ﬁlurality of |
non-volatile memory elements to earth through a single
common resistor as disclosed in German Offenlegungsschrift
3,037,315. | |

20 We have found that one disadvantage of the known non-

volatile memory elements is that since the magnitudes of
the leakage currents depend upon the resistance of the
common resistor, great dispersions are involved in the
'leakage currents in accordance with fluctuations in the
25 " manufacturing factors of the integrated circuit.



15" - - basis of the breakdown voltage of the pn-junction elenent. The
atile nmenory elenment may include in a part of its channel region a
chrfduct or regi on which has the same conductivity 20 type as thah’
Q_'$€m conduct or substrate and which has a conparativegly high inpurity
conCentration. The pn-junction el enent may be a zener diode *and may be
constituted by sem conductor regions which ari respectively fornmed

si mul t aneously 25 with a high concenmtr&tTon region and a drain

region for constituting said nun-volatile nmenory el ement. The -EPR may
further include:- (c) a level shift MSFET; and (d) an output M SFET, the
vol tage generated by the prEg WEtdrotyjesterdt bkhepregéntdinvention too the
gate el ectrode of the output M SFET thrqugh the |evel-shift MSFET, the

wri t e- down vol t PFevidie, aroBRRAE dn whiceh Foerkterdow cetfleleneyit put

M SFET. The | evgl & {2 I 0 an enhancenent

node, the gate gﬁdi’?ﬁé}eﬁfﬁ%&ﬁ%ﬁ 1%/%&(3’?%% * bei ng connect ed t-oget her.
The non-volatile menory el drosdrding sl ciledpreséndInventide thepet M SFET

preéferably has a stacked gate structure. The present inventiog will now
be d&cri bed is provided an electrically programable read oniy ,

memory including:-
_ , (a) at least one honavolatile memory 
element which has a fioating gate electrode and a
control gate electrode; and
10 -~ (b) a pn=junction element'haviné'a junction
' which is similar to the drain junction of the non-
volatile memory element, the level of a write-down

~

+

‘voltage to be applied to the drain of the non- : ;J ~

volatile memory element béing determined on the
15 " basis of the breakdown voltage of the pn-junction
element. ' ' '
' _ The non-volatile memory élement may
include in a part of its channel region a |
. semicohductor region which has the same conductivity
20 - type as that of a semiconductor substrate and which
has a comparatively high impurity concentration.
' | The pn-junction element may be a zener
diode and may be constituted by semiconductor
régions-which are respectively formed simultaneously
25 - yith a high concentration region and a drain
| region for constituting said nun~volatile memory

element.



“in greater detail by way of exanple with reference to the acconpanying
b dravm ngs, wherein:- Figure 1 shows a block diagramof a preferred 5
f\me of an EPROM Fi gures 2(A) and 2(B) show a circuit diagramof ess @ I
poﬁ ons of the EPROM .shown in Figure 1; Figure 3 shows a circuit di agr .

of* a sense anpliféer-which is included in the EPROM 10

Figures 4 and 5 are circuit diagrams_ sgovm ng nodi fi ed enbodi nents of a -
wite-down circuit; Figure 6(A) shows a plan view of a non-volatile rrermry
el ement which is incl uded in the EPROM Figure 6(B) shows a view of one

section in 15 Figure 6(A) taken along the line B-B, and Figure
6(C) shows'a view of anot hgt |ﬂgg|fugtﬂgfeiﬁéﬂdégken along the line
A-A'; Figures 7(A) to 7(F) are process sectional views for explaining the

nmet hod of manufacturing théc)0 a level SRROM MESKET} nan'dgure 1; Figure 8(A):
shows a structureal sectio a view o e _wite-down
circuit in the EPROM whi l g%?e°%%3§'tsﬁ§éﬁg gﬁﬁ igfésrrespondl ng 25
2,55 1) s S e bl s Mg o)
one section in €¢ the gate Fel;emﬁr@dé\) of theSoutphtisr MISHET tbrotlshFl gure 1,
the part the 1eve1-shif‘l: MISFET, the write~-down voltage

being obtained from the source electrode of the

output MISFET. - - |
The level shift MISFET preferably has
10 | "an enhanéement mode, the géte arid the drain
| electrodes thereof being co_nnecte& together.
: The non-volatile memory element is
preferably a -FAMOS and. the output MISFET

. preferably has a stacked gate structure.



enclosed with a dotted line ICis formed within a single silicon chip by

BRd 5

143 ring techniques.

the method of manufacturing a semiconductor integrated circuit to be

| at er which nethod includes well-known seni conduct or

Il nput/output termnals 1I/O

f The EPROM has input term nals which are supplled
mnth address signals [err] input terfimals which are supplied with
control signals PGM CE and OF, 10

to

1/07, a first t | which d with
voltage [ers] b e 3"?” i (w2 500t oLBVBIE LR WLk BV BEARRPTARREN |5
suppl ifed wth g, éxg gﬂif%%@ﬁ&fheﬁé b1 1 At REEAbncENE0R

write-down power

urce termna I'S supp ed Wth a wite-down

vol tage [err] thetadcompaeying adrewihgss. gheﬁéino#ts durlng a programng
operation (that is, during the wite-down of information). The EPROM.i s

operated by supplying t heF@apeclishove, #i hapck mﬂ%ﬁgfﬂ@ ﬁﬁp?oBFﬁgFErgé

vol §ages or S|£HF§sbf : I ncl udes nenory array circuits [err]
en as [err

(hereinafter

Wt * divided into eight groups. Each of the

[err] circuits is furnishEtgurées a(Apnang 24Bicshywod 2frcuit diggpambits,

monory array (9 GASSRELEDRertivan of S86 KERGW fhevn 43 BleWrends 256

32 nenory cells, and swntp{&ﬁg@e3e§§3g5r5051g@€¥§|aga a8 aUgbRlks 30

as will be descrlbed | at er

ess er cifcult- ADB1

(herelnafter\mnplrtien'ﬁhiah)isekpolddedoinhthexEBRDHtIy suppl i ed

10

15

20

25

Figures 4 and 5 are circuit diagrams showing
modified embodiments of a write—down circuit;

" Figure 6(A) shows a plan view of a nonpvolatile

memory element which is 1ncluded in the EPROM'

Figure 6(B) shows a view of one section in
Figure 6(A) taken along the line B-B', and

Figure 6(C) shows a view of another section
in Figure 6(A) taken along the line A-A';

Figures 7(A) to 7(F) are process sectional

views for explaining the method of manufacturing the

EPROM shown in Figure 13 .

Figure 8(A) shows a structureal sectional
view of a zener diode of the write-down circuit in the
EPROM; while |

Figure 8(B) shows a plan view corresponding

to Figure 8(A); and

Figure 9(A) shows a plan view of a non-
volatile memory array which includes switching
MISFETs, while

Figure 9(B) shows a view of one section in

'Figure 9(A).

v
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- 30

*address signals A - A of 8 bits at, e.g. TTL 5 12 (Transi stor ”t\
- Transistor Logic) levels, and provi des address 5 signal s of & S
_l'eve| and a flase |evel [err] al2 respectively made appropriate IeveI S
*redel’ving the address,si gnal s [err] to al2, al2, an X-decoder circuit X- DEC
(hereinafter witten as ' X-DEC ) form8 word Iine drivi ng signals W to W1

256 10 to be fed to the word lines of the[err] circuits. Only one
of the word line driving signals [err] to ' correspon s to one
conbi nati on of the addres®& Ainsd /3?92 Fimeoﬂghtt% | ection

| evel , wher eas t: vel such'15
as eart h pot engﬂg:lotsgg %&ttg’l %1 #Sit%go;%clg ?_g’u??, dﬁ%'htgﬁﬁio%er sour ce
~voltage [err] Ehagle sdldesn ¢hipidsy [the methdd ofomamifatyrding/a from a
control circuit to be described |later, the selection |evel] of the word

line 20. semigongdusitgmaintegnated mcm e be désordbedy 1y, equal

][(rzf ﬁa??;ﬁraﬁggggﬁev kh&?nﬁgr%ﬁlr?sg'?’lt antla g'?fq'equé]nolt%%%?’he V(‘)'ﬁ age [err]

during a witendawfaeterdngotechnigiusmt i on. 25
Y-address buffer circuit !er éﬁ%herel nafter witten as rr responds to
the externally fed addres has inputs 4 éJ[ba BEFerTL | evel s,

~and provi des agqbsiie&rg,q_%s tg%%eh?e?l adBdAt,'hze,}?Ei& i | -

Ne “Badress sign r'iQ —
which are supplied with control signals PGM, CE and OE,

10 input/ou_tput terminals I/O0 to I/O7, a first power
source terminal which is supplied with a power source .

voltage of, e.g., 5 volts, a second power source

v
-CC _
terminal which is supplied with a reference voltage

~ GND subh as earth potential, and a write__-down power

5 source terminal which is supplied with a write-down
- voltage vPP that is made a value of, e.g. 25 vql_ts

during a programing operation (that is, during the
write-down of information)., The EPROM is operated by
supplying the respective terminals with tl_ne appropriate
20 voltages or signals. | , '
- The EPROM includes memory array circuits
MARO to MAR7 (he_reinafte_r wz_-ii:ten as 'MARO to MA.B7')
divided into eight groups. Each of the MAR, to MAR7
- circuits is furnished with a memory capacity of
25 8192 b:l.t-s, whereby the EPROM has a total memory.
capacitjr of about 64 kilobits. '
' _ One memory array circuit is constructed
of 256 word lines, 32 bit lines, 256 x 32 memory cells,
F i . and switching elements for reducing leakage currents
) 30 as will be described later._ |



sel ecting the 32 bit lines of each of the menory array circuits

used

[ err{f e EPROM is arranged so-that the bit -lines of the respective nmenory

arr aye cuits [err] 5 are selected by colum switch circuits
[efr}™—and read- out/wite-down circuitsg[err]. Accordingly, among the

address signals [err], [err] those [err] are supplied to a first Y-decoder

it her ei haf 1 e th co
s [err] (5 ke SekadRadh.oursen. ol M hraia e 0
“(hereinafter w#ﬁ-&é‘ﬂ &8 1RDB )g Bgsﬁsﬁagvtagthgee%gmaw Qsﬂ?p&ibﬂ”

[err] the [err] circuit for The selection - signals BSI'to BS8 to be
- suppliedto t&dﬂxntmnaisnﬂlshA |+CA EeogeBrpitﬂhay,onegofIﬂﬁe bit line

IR TENT M (ST N P KL

t hes ot hers .ar t n € Ngl S Sgear antial . By
suppl yi ng th&erﬁwgﬁcﬁlmet%éteﬁg %io‘at ggggkgr ??bg%daﬁheggo%ﬁ o123i gnal .

W sinilar t@ihocespéctivelyDidxiei appropriatestevelsen | evel of the bit -
lihe selectionSignal is gt a |leye substaﬁr1%!ly equal

~to the power- sourcg volta f%??¥v%ﬁslh§etﬁ§drgﬁﬂ 81 ENBLE Bgirofisofc®
information aqd-a Zehvel aNXChebdasrbe poLiE 8! k¥DE§UQheE'Q1hQQt\éQJ W2 tedy |

during the wit2” do operation of information. By receiving.the address
S|gnals [err]aswkﬁimEC' for@srwprdu1tnetdrévmsgsslsnaisnwgugmam556

10 to be fed to the word lines of the MARO to MAR7 circuits.
Only one of the word line driving signals LA

to W 256 ‘as corresponds to one" combination of the address

- gignals A_ to A,

.5 12
‘all the others are brought to a nonrselection 1eve1 such

is brought to a selection level, whereas

15- as earth potential. ' - ' K;J'
' By. supplying the X—DEC circuit with the power |

source voltage V c? the write~down voltage V.. and a

control signal W: from a control circuit COngto be
. described later, the selection level of the word line
20 . driving signal is at a level which is substentielly
' ."'f:equsl to the power source voltage V cc during a read-out
- operation of information and a level which is substantially
equal to the voltage pr during a:writefdown operetion
of information. : ' ' '
25 ‘A Y-address buffer circuit ADB, (hereinafter
written as 'ADB ') responds to the externally fed
jaddress signals A - h of 5 bits at, e.g. the TTL levels,
and provides address signals of the true 1eve1 and the
false level ao, a_ to LT a,.

0

30: .-~ . | ‘The address signals ao, eo +o ah, ah are



"[errj

l'evel 5
* whéTras al |

potenti al .
t he control

Only one -of the selection signals K to K 3 which corresponds t ;

g~|_Nne
conbl nation of the address signals A and A is brought to a selecti oﬁ
—N)

substantially equal to the power source voltage [er
the others are brought to a non-selection |level such as earth .

The Y-DEC circuit is suppd M@ -with a control 2 signal Ce from

circuit CONT. By way of 10 exanpl e, the control"-

si gnal Ceisa h_i I l4eati t tHad a | ow
| evel during t E.els?citeélcétg'%gf q;?ﬁt lﬁhﬁ‘?q'j‘rr%ebs eécyt%l}gnm:ﬁs)l nals [err
g [err]
Fevel duri Erg"tvhme T o (b MY et on 1 reaneati ve of ho | evel s
- i 0 r e e |evels
?Let le a(rjrgresst si gnal s [er'«'-'ll'l]e BRROM: 48 \ﬁr @"ﬁ?é] \Fg’l%} t%?e |1&ﬁle5 gnal s,
u SWi LI CUl [ |Mp§§‘| ect the
bit lines of tIk }@e %Léstp%c[tg'é{dr es?po‘rilgenéﬁay ﬂt{c‘%"{r%ﬁ]ts I nunbers of four -

at the sanme ti @ne sBlaicted byowoluinr rmzm:hmamoum [@q Jta ccqe,,eraqd atead-or

exanpl

the col um. swi

e,

t he [err]/C|rCU|t are coupl ed \%}h cow bi t

nes [€err] through
By way of exanpl e,

QB eLrops

the signals to be switche t i%n are at
Wl ch S sub% ant%%@éq%&% t ecép%%éésourceérvso%%ge [err]

a high | evel

“or at alowle x#h |§'.,Slﬁﬂ:tsmtap9,l I el:plaa ,t @ Itm qsmpiﬁtethltmm ng
t he read-out op at| H} t . a high
| evel which isZfirst Y-decoder circuit leréinatiey Witten o
10  as "Y-DEC1'), and the r_emaining 'signals a3, a3 and a,,

.- -
SRS

Tl
R

20

25

'a_l: are supplied to a second Y-decoder circuit Y-DEC, -
' (hereinafter written as 'Y—DEC ). |
' By receiving the address signals a4, ao to

a,, EZ', the Y-DEC, circuit forms bit line selection
signals BS1 to BS8 to be supplied to 'l:he column switch

.circuits CS0 to CS7

Only one of the bit line’ selection signals
to BS, as c_orresponds to one combination of the

BS
1 8 | | |
address signals A to 4, is brought to a selection level, wherea:

0 2

-« all-the others are brought to a non-selection level such as eartt

otential.
pote By supplying the Y-DEC, circuit with the

voltages cc and VPP and the control signai We similar
to those of the X-DEC circuit, the selection level of
the bit line selection signal is at a level which is
substantially equal to the power source voltage Voo
during the read-out operation of information and a
level which is substentially equal to the yoltage.VfP
during the write-down operation of information.

By receiving the address signals a3, a3 and

#, a, , the Y-DEC2 circuit forms selection signals



stantially equal to the voltage [err] or at a |ow level which is
Nkl al |y equal to earth-potential during the wite-down operation of
i nf a&#¥etyi on. To the end of coupling the bit lines to be 5 sel ect et
and ™€ common bit lines with a Iom1vo|tqge | oss, the sel-ection |evel of

the bit |line selection signals which afe 'supplied to the colum switch .
~circuits [err] is at the level substantially equal to [err] during the

. write-down opeKattonKgs infornation as 10 , descri bed above. The sets

of -common bit |Tnes, ac i ncl y { I|n re s espegtively
coupled to the read-out/ X 88%n © ngr gglfecr% rfgsg}aﬁ'aﬁ tléﬁst% 3en as
[err]) as '||Uﬁhiéheeob?ebbenﬁbg%beon'éa%mﬁiﬂdﬁdzﬂdﬂ e @ddress

constructed of four-—unit reéad-out/wite-down circuits which correspond to

the four commosignalki Agsagdod, 4B droughto tthea sedrabian gdeveler minal s of

the_four unit 20 ad-out/ pecti ve
[er?] to RR'W cPPPﬁtF‘gté(P&igo e¥° ﬁ@o%ﬁ% % cc}&%’%‘%# ?mn / out put’
termnals I/ 00whéréé97alia%heu athe&-%awwr\uug}ﬁb dsova Gidrn-Edlectison ect ed
by one of the selection signals !err] . del ivered fromthe Y-DEC2

circuit. VMe&evelusugblestea dodentdadondi ng common bit |ine and the
s otput e Bl 3-BRRAOBAAA e SRR SO Widonerpl
the 30 - wighaideensyoh ase contirol Rilldcul £1.ONL t heaywwdye-gDwn
10 . example, the control signal Ce is at a high level during .
~ the selection of the chip and a low level during the
non-selection of the chip. - The selection signals
Kb to K3 which are provided from the Y'~DIEC2 circuit are
held at the nonpselection 1eve1 during the chip non- _
15 selection irrespective of the levels of the address U
signals A3 and A, .
_ By receiving the above bit selection signals,
.the column switch circuits CS, to CS (hereinafter
| ~written as 'CS, - CS,*) select the_bit lines of the
20 - corresponding MAR, - MAR7 circuits in numbers of four at
the same time, That is, four of the 32 bit lines B,
~to 332 of, for example, the MARO circuit are coupled with
. common bit lines CB, to CB3 through the column switch
circuit CSo . |
25 By way of example, the signals to be switched
by the column switch circuits CS, to CS, are at a high
level which is substantially equal to the power source
voltage Vbc or at a low level which is substantially
. equal to earth potential during the read-out operation

30 - of information, and they are at a high level which is



-13- operation of information. Each unit read-out/wite-down circuit has
its operation node specified by control signals W, W, CS and [err] )
_Hﬁanlded fromthe control circuit CONT. 5 A read- &S,
node is specified by the high | evels gf1§he control signals [err] and
[err]. In the read-out node, a signal on one of the four common bit |ines
is supplied to the common input/output term nal through the unit read-out

circuit sel ect gghh¥ahBgaify equal tbethk vbleuige V,_ Tbat aitsa Lbw lewsldn

i nput/output termnal is supplied wth a data stor in a nmenory-cel

sel ected by thuhg.ehr;saaubpsan]tianruqualAtm earthonetenddals AUFdnE: i ed by
the high 1evel th trol evel of 15 t he
cont rol S|gnalt€3 fF aﬂgnmPPFga§6ﬂﬁéﬁgdgnkgﬁBﬁgw? € unit :

read-out/wite-down circuppsthePehic8f\ebliplldhg thendis fliaesatei beuit (not
shown) through the common input/output termnals, only one selected by the
Y-DBC circuit seteptedgandi khe ropmopebiti Yinesawith a 3gw voltage

oronciar b oFafp b, KBLecREE TeRhL, bierEhe' BudiathibaRbcRY, o h

data signal tosbgn&llstﬁﬁﬂcﬂow.ﬁe suﬁbmiéarmuntne tblamnc gwitehbicirbunts are
at substantlallg earth potential | evel because the

cor r espondi ngu@By tealSe uiSmPtt§hﬂo%ﬁvélr§9b§§a§¢éaﬁéV samad: 8. Vg a chip
o ot o gl gh 5480l BARarkgh, by tyEhrdlgonetet 1 omhe
10 described above.
The sets of common bit lines, each set
including the four lines, are respectively coupled to
the readpout/hriteedown circuits R/Wb to R/W# (hereinafter
. written as 'R/W to R/W ') as illustrated in the figure.
\_J - | . Each of the R/W to R/W circuits is
_ccnstructed of four unit read—out/write—down circuits which .

correspond co the four common bit lines CBO - CB3 one
to one. :
Input/output terminals of the four unit
20 read-OUf/write-down circuits in the respective R/W to

R/W circuits are connected in common to the common
input/output terminals I/O to I/O

Each unit read—out/write—down circuit is
selected by one of the selection signals K. to K

0 3
25 delivered from the Y-DEC, circuit. Vhen it is selected,

2
the corresponding common bit line and the common
input/output terminal are substantially coupled.
 Each unit read-out/write~down circuit is
cc and the

_30 write-down voltege VPP supplied during the write-down

operated by the power source voltage V



— above. Therefore, all the unit read-out/wite-down -14- £
A% [err] are brought into their inoperative status. Each -

cirg _
reafaddt/ wite-down circuit is construcggd so that its input/output o/ .
ter gfs are in 5 the floating“state in the chi,p non-sel ection

nmode.~The control circuit (hereinafter witten as ' CONT') fornms the control

signal W as i ngpépdrionof henferna¥isd. Tabl'e 1, by receiving an external
program control signal PGV chip enable signal CE 10 . and out put

enabl'e signal' OE and the wEach-unih veadagutfvripeadownecpreuéwehssnéas

I I ERR} 15 Usi the ct|

tﬁgeM[lge domn/?E%éP di@?ﬁt? ifiﬁgo KeF°ﬂ6F8 g nﬁ%@lwgf 9§r|ous

oper ation nodesasgd! agréﬁfd'edufrb\ﬂdﬁhe acbhﬁboxobie-aaﬂpsbmt ion state)
execut ed. Flgures (A) and 2(B). show detailed-circuit diagrams of the

, EPRCM shown in Figure 1. 2& read-out mode is speim@ipaRh}; cbhechrlgm ncl udes
2 e i o G oS TR SRR BRSO, (1 "
| ater, each indreddlught "BOREY €' SBAALI SnCERE! bECLRE Thus EoMmSn( Blieating
gate Ayalanche i njection. MOS
_lines is supplied to the common input/output terminal
‘through the unit read-out circuit selected by the
10 Y’--DEC2 circuit.. That is, the common input/output
terminal is supplied with a data stored in a memory cell -
selected by the X-DEC, Y%DEC1 and Y—DEC2 circuits.
A write-down mode is specified by the high
- level of the control signal We and the low level of
15 the control signal.CS. ‘In the write-down mode, among -
; the unit read-out/write-down circuits supplied with -
~ data signals from a circuit (not.shown) through the
common input/output teruinals, only one selected by
the'YQDECZIcircuif is brought into its operative status.
20 Accordingly, one of the four common bit lines is at
substantially earth potential or an appropriate
write-down voltage level in response to the data signal
to be written. down. The remaining three common bit
lines are at substantially earth potential level
25. because the corresponding unit read—out/write-down
| circuits are not selected._
- In a chip non-selection mode, the selection
signals Ko to K3 which are provided from the Y’—DEC2
circuit are made the nonsseleotion level as described

30 ' above. Therefore, all the unit read-out /write~-down



‘5 transistor) which has a floating gate el ectrode and a control .
- gate el ectrode. Anobngst the nenory el enments, 32 nmenory el ements arrangg
the same colum have their control gate el ectrodes connected in como
*th& torresponding 10 ., one of the word lines W - W256 The nenor
array circuit [er¥] is provided wit_rlrﬁjq_rence potential lines = to R
each of which corresponds to two of the word |lines such as the word |ines -
[err] and those [err] and [err]. Thus, the source 15 el ectrodes of
the 32 nmermory QligwRiatts FMNHIR/N, AR THUELEThidMReIY dvperditrmry
el ements bel onging - & the ndxt col um adj oi.ning the first-nentioned
colum are conmd@tas. n cormon to one reference potential |ine. Swtching

M SFETs [err] which are 2 con - "ont "off". by the signals
fed to the word lines ar e%@!b@&5£&#§&%%e%%crﬁ%ei$ef erence '
potential |inegdRstradted sty It Autpute timingsadreodas of 256

menory el enents arranged in the sanme row are connected.in conmon'to the 25

cor Bespondi ng dine Floatdng statedmtihe ahdp mpn-splestian mades are

di vided into four groups t he | ' ' C T, .1 chi ng

* M SFETs are arranged betw@‘i’ﬁt @%%gpm&&%%@%lﬁéf%%%% t"h-eitc%cl)gnémn bi t
line. More spad frigoNTty) f¥rms thesWdrdtdly SMidll We (8 rindifuatedirin -
controlled by .the -16- selection signals formed by the [err] circuit are

respectivel y arthendod hsaing: Tatde. tist UY Recqloring A0 eFe@hon bit |ine

CBO. program control'signél PGM, chip enable signal CE
10 ' and output enable signal OE and the write-down voltage
Vop at the predetermined level:
Table 1
\;;. i " Read Program
| Vpp 5V 25 V
= ezt H L
15 - —
' CE L L
Ot L -
we H L
'Using these'control signals, the selection
20 of the'write~ddwn/read-out operations (in other words,
the control of various dperation modes such as read-out.
under a high-voltage application state) is executed.
Figures 2(A) and 2(B) show detailed
circuit diagrams of the EPROM shown in Figure 1.
25 ;J_ ' ' The MARO circuit includes 256 x 32 non-

volatile memory elements E‘,'1 - F25632 which are arranged



Li kéwi,se, switching MSFETs @1 - 28 5 [err] -and [err] similar to
theneforecited ones are respectively arranged between the bit lines [err]
[e and the conmmon bit |ines CBl, 17 24 25 32 [err]. e
Ac di ngly, when one selection signal, for exanple, BSLl formed by the

[err] circuit is brought 10 _ tod e selection level, the four bit
lines [err] [err] are. simultaneously coupl'ed with the common bit |ines

[err] respectively. The common bit lines CBo to CB3 are coupled with the
read-out/witeifod2 cowsuiahd @56 columtsawn in Figure 2(B), the

caciou i e Soun o el LSS 2 et s
f it ites bRRUI | t ' h
our unit Wit 9ala ChbRlithasWiiad WG ERANAE 'k Chrlhructed of Ne

common bit |ines err] one to one™ e Input crrcult

k3

[err]. Theai FAMOSC(Floating gate dwalernuire MrjdchidreMdS The ‘M SFETs
[err] which have straighé Iinegt rawn between their squrces and drains are
of Phe depl eti GR2RSAELIRI Whdch R@S @ ing gate elegirode; a

enhancenent no u .nal of the input circuit [err] (i.e., the
DFEpEFSE B8 s

drain of the _ eltvers a signal which is equal to the |ogica
product between the inver AmdngsgnZheomemoryvwelemeirhs), 32 memagmal supplied

control si gnal SheReRBRacEBERRALIn PR isaie 1ROl diakhy their ‘Control 1T
_ gate electrodes connected in common to the corresponding
10 "~ one of the ﬁbrd liﬁes v, - 256° '
_ The memory array circuit MARU is provided
_ with reference potential lines R,1 to Rﬂza each of which
corresponds to two of the word lines such as the word
lines7wa.énd.Wé and those Wy and W,. Thus, the source
15 i electrodes of the 32 memory elements belonging to one
column and those of the 32 memdry'elements belonging
f{f{ . to the next column adjoining the first-mentioned column
i are connected in éommon to one reference potential line.'
_ ~ Switching MISFETs S, to S,g¢
20 o controlled "on" and "off" by the signals fed tq the

word lines are respectively arranged between the

which are

reference potential lines R, to R and earth potential.

4 128
The drain electrodes of 256 memory elements

arranged in the same row are comnected in common to the
25 corrégponﬁing‘one of the_bit lines B, - 332.'

| | The bit lines B% - 332 are divided into
fbur.grqups by the column switch circuits Cso;
Switching MISFETs are arranged between the respective
'bit lines and the common bit line. More specifically,

. 30 ‘_ switching MISFEIs-Q11 - Qg which are controlled by the



control signa
signal at a |
~prentlaI or
source voltag
data signal s
wite-down co
t he signal at
I rrespective
termnal 1/0.
out put M SFET
whose source
M SFET [err]
M SFET Q 52 a
andsa M SFET
shifting M SF

| We is at the high level, the input circuit [err] provideé

ow |l evel which is 5 substantially equal teo earth
at a high level which is substantially equal to the power

[
l,‘, :

e V in,accordance with the high |evel or low cc |evel. of the

uppl1ed to the comon i nputk —out put terminal 1/0 When

t he

nt r ol signal W is at-the low level, it provides.

0 sup to the comton i nput/ out put

fbepuatIVBnytArﬂangedlbemmbehewhb bid! ddeesaB,15 By and

%h whose drain_is connected to the term nal 32 V and
€o

nd whose source Is cénnec a zener

%Q?ﬁhegb%e¥§kn lcgok eﬁU§ S 2Rkl QLkEEqui}cthei%bh potent|al

ﬁﬁ@EPEdbﬂﬁ ;ﬁ§ecGPﬁnn bit line [err], a level shifting

whose gate pagodaipn gwﬁeeggggcmmst glelzadg,t %Bof t he out put

Cﬂg whi Q andth o-s Ipimiﬁﬁzstmukhenafbwecﬂ&ehemabs

ET err] geThe u Ci r cui f yr,t her j ncl ydes a'
M SFET [err] féPeCBHPPSFFFHG ﬁrr§H§ gg J%FggﬁtwﬂéﬁEf Fgr FETs

[err] constit
"off" the MS
M SFET [err]

10

Ui Ng_.29 a Lo i t | on"
FET‘?[err?‘i andBa5I oaglm S%E‘?'.l"‘[ﬂee:r] ‘Igfrhglbé'gc?gig@gcﬁde of

and
t he

i €Bsuppdi €B_wi t hAcberdd.ln@i.tyl,omlm'rgme mlda@l’diw esd-@uad-m t he
'Y-DEC circuit, il st e e el ectrode FET rr
i s supplied wi ERTaCZRPRAPd ngEHeFrg‘M t'q%ﬁ Yibet,*eircutt 1¥ Broheht |

to the selection level, the four bit lires B

- and 325

bit lines CBb, CB1, CB2 and CB3 respectively.

The common bit lines CBO to CB3

9 9’37
are simultaneously coupled with the common

are coupled

with the read-out/write—down circuit R/W

20

25

;,.
Ers
¥

As shown in Figure 2(B), the read-out/write—
down circuit R/Wb is constructed of a write-down
circuit W. and a read-out circuit Rb.

(¢}
The write-down circuit Wb comprises four

unit write-down circuits Wb1

the common bit lines CB., to CB, one to one, and a single

(0 3
input circuit Wbs The input circuit W

05
MISFETs-_QG2 PO 070 - The MISFETs Q65 and 069 which
have straight lines drawn between their sources and
drains are of the depletion mode and the other MISFETs
are of the enhancement mode. '

The output terminal of the input circuit Wbs

(1;e.,-fhe drain of the MISFET 070) delivers a signal
which is equal to the logical product between the

to W o4 corresponding to

comprises

. inverted signal of the write-down data signal supplied

.30

to a common input/output terminal I/O and the write-down



denput ‘circuit W5. The out put M SFET [err] needs to have.a drain
gfown voltage with a sufficient margin with respect to a high voltage

- sU8las +25 volts supplied to the 5 termnal V In general, the o/

drai n breakdown vol tage of a MSFET is |imted conparatiyely greatly in
proportion as the width of a depl etion | ayefzid the drai n Junction surface
islimted by a fleld strength applied fromthe 10 gate el ectrode

as is well kno %‘iﬁig FET [err] is therefore preferably in the
formof a. stac\lg% gate S uc]ttlﬁe: - The first gate el ectrode thereof is -

connected to the: gate el eudzcgiesﬁaﬂ_{@nﬂ %é@dﬁ;@fﬁf@eA@ﬁT [err] and

* the second 15 gate electrode close to the drain region thereof is

connect ed-to tl‘i’é’ntté}qéh gDl Weh e e rfhe ihiglo keel M BreTinput] is in
the f f th d t [
Surrounded w t CFEIT, Wois BISVEIHE & T at " T 18 Nitldh £8 " 6
chasnel region snmmuquang.yt feqqidX sto gadretle | et érvtita Dok Nt caltiptigh M SYET

[err] is inp ted |nthe depleti on mpde wi t:th the view to appropriately
i ncr easi ng thewalipge llJéV/eﬁqliﬂ-b@s%Ierosteommn bi t

|l ement ed n tEtagnhame#é‘n{ s N, o o7 8 G Aotion

node can be foﬂ.levélbpft lthek davba istignal ysupplied! totthé CtommeR ARG/~ | N
this case, the y of, ang ipurity 30 . to be inplanted into t he
channel region® g§ u e ermina 0. en the write-down control
B 10 -~ signal We is at the low level, it provides the signal
' 'gt the low level which 1s'substéntia11y“équal to earth
potential_irréSpective of the data signal supplied to
the common input/output terminal I/0.

The unit writeﬂdown circuit W., includes an

: 01
15 output MISFET Q52 ‘whose drain is connected to the terminal U
Vpp and whose source; is connected to the common bit
line CB.

g @ level shifting MISFET 051 whose gate and

©.; drain are connected to the gate of the output MISFET Q52 }
s :

“7. and whose source is connected to a zener diode ZD,

20 and a MSFE'I' 050 which serves to supply a bias current
to the level shifting MISFET Qg
The unit write-down circuit wm further

includes a MISFET Q?h for controlling "on" and "off"
the output. MISFE‘I‘ 052, MISFETs 072 ‘and 073 constituting
25 a logic gate circuit for controlling "Qn" and "off" the
' MISFET 071&' and a load MISFET 071 '
The gate electrode of the MISFET 072 is
supplied with the selection signal Ko delivered from
: 'I:he Y-DE02 circuit, whilst the gate electrode of the

. 30 MISFET Q)5 is supplied with a signal delivered from the

14



-

»

-19-.deternined at a.much higher accuracy than in the case of enployi ngFRye
| hpurity diffusion technol ogy. Accordingly, a threshold voltage which :

deternmined by the first gate el ectrode of the oufput 5 M SFET 'S

set™at a value which js shifted an accq%ete predeterm ned value fromthe
threshol d voltages of the M SFETs [ertr]'® étc. The biasing M SFET [err] is
also fornmed in the stacked gate structure in simlar manner to the 10

M SFET [err] Each of. the M SFETs [err] can be replaced with two M SFETs
connected i n sénput. clirewidr W.n the case where the M SFETs [err}] are

\ . 0 . :

| npl emented in the stacke ateg . stru described 1 : ove,
they can be nade conpar ati%% ypudmut W@Z:.sﬂﬁ’@e#e%?dm%(ﬂ tdfgag' f the
zener diode ZDyjrgak@bwh! vd1talgés wihs ledhufilol évit i darigixi RAL tH aigspestct i on
br eakdown vol tages  of the non-volatile nmenory elenents and is allowed to
have a di spersitona2bigh voltagebsumin iad [#2medits surpdiiesdt tohdhe ain
Junction -brea&%gaﬁ Vi I%ages of the non-volatile nenory elenents. To this
end” the wel |l - NRXAtPEe i n t he integrated circuit producing technol ogy

that a plurality of el ementns durEralgnagies ardiol Brkardowi tvalttage of

- conparatively small relative dispersions in characteristics is exploited.

As will be bet BeMISFESY dsoddmited lcompanaddsrelyt igneatslaniiso RIRRATLHTYi ons
Lo L orm 19 e gZ ST e o R Mg/ T SR LK e Messon
el enent s. ‘surface is limited by a field strength appl;ed from the

10 gate electrode as is well known. - ' -
The output MISFET Q, _
in the form of a stacked gate structure. The first

gate electrode thereof is connected to the gate electrode
and drain electrode of the MISFET Q-1, and the second

. T o . 5
N gate electrode close to the drain region thereof is

is therefore preferably

connected -to the terminal Vép; |
It necessary, the output MISFET 052 is in
the form of the so-called ring gate structure in which
_ the drain region is surrounded with the gate electrode.
20 - i _ : If necessary, a channel region underlying
the-first gate electrode of the output MISFET Q, is
implemented in the depletion.mode with the view to
appropriately increasing the write-down voltage level
to be supplied'fo the common bit line. A channel
25 region underlying the second gate electrode is
implemented in the enhancement mode. o
| " The channel region of the‘depletion mode
can be formed by the known impurity ion implantétion
' technology. 1In this case, the quantity of an impurity
30 to be implanted into the channel region can be

y



-20~he bias current of the zener diode ZD is supplied from'the term nal

[ er hrough the M SFETs [err] and [err]. The level shifting M SFET [err]
i's med so 5 that a voltage substantially equal to its threshol
vol tage is provided between its drain a.fﬁ source. Now, letting A denote the
"size ratio WL (W channel width, L: Thahnel I ength) of the M SFET [err],
-and B denote the size ratio WL of the M SFET [err], 10 B4 is

held. = Thus, t({/ﬁé dfél & it ta AREH ] fi~ Aéceyéyaggﬂf £amehBechgk! ow ng

equati on where otes the. thres d voltage o e MSFET [err]
denot es the thraﬁkeﬂpicgdn@gm@fimmu'itﬁmf:[:‘usiq:n techjlolagy.

Th t te-d h ut ‘
asgogin:at e\(ljvr I(ii (racuio}tNg glsr gﬁ%ﬁé?#iﬂ? : é?%}t?)%}:%ﬁr’ﬁ ai%?GLI ’?{ﬁg"hDgﬁ ng the
wri t e-down Opef@éﬁ ageirwrﬁ?é' gaéeraiaé{:ra(de b2 %Hapbue?uwth a

hi gh 20 err] 25 volts, and the gate electrodes
of t%e M SFETs MISEET [5s rset)fatm vaq:mle whichi 1s[ shiftedeanupplied with

the write-down control |ch bst |aII ual to
the power sour & :?%cfter@@pec? vélde ¥od'whs g Fh?’giF?gﬁ the |

sel ection signge l@r;{,_elumigpsf om éfe, [err] circuit is at the sel ection

| evel or at the high |evel subsﬁ‘hnt lally equal to the voltage [err] the

M SFET [err] will be ther&&yemmgﬂaBgllflISFE'HeQS@nissabse formefleinat a

. signal suppl i eqchteO stthaneckceO gante structure in similar manner to the

10 MISFET Q52 .
i Each of the MISFETs 052 and Q50

Ceeeed : replaced w:l.th two MISFE‘I‘s connected in series.

However, in the case where the MISFETs Q5 and QSO are

can be

Vs implemented 1n the stacked gate structure as described
15 ' above , they can be made comparatively small in size. \/
The breakdown voltage of the zener diode ZD

-1s set at a value substantially equal to the drain

i

junction breakdown voltages of the non-volatile memory o
elements and is allcwed to have a dispersion
20 substantially equal to that of the drain junction
| -breekdcwn voltages of the non-volatile memory elements.
| _ To this_end,.the well-known feature in the
integrated circuit'prodmcing technology that a
. plurality cf_elements.simmltanecusly formed exhibit
257 comparatively'small relative dispersione in
characteristics is exploited. As will be better
understcod from leter'deScription; semiconductor
regions for forming the zener diode. ZD are formed
: eimultaneouely with semiccnductor,reéione.fbr forming
. -30 . the non-volatile memory elements.



*-21- input/output termnal I/Ofroma circuit (not shown) is at the lo
|'evel+s the drain of the MSFET [err] of the input circuit [err] will
pko«u de the hi gh level signal, by which the M SFET wi |l be brought
the “on" 5 sfate. Since the M SFETs [err] which are connected in
. series are concurrently brought into the '26h= states, a voltage
substantially equal to earth potential G\D of the circuitry is applied to

M SFET [err] is brought | RS DYBS GRFreRt,os el zenel ol oy Srer

[err] resultsghupplyRml Yirksh the ¢ardigladCiy Odﬁtlfﬁfoddl'ﬁ tHeSMIEHETS h@ﬁ/\;h a

vol tage which is substantlally equal to th sum [err] b
the zener volt apd % of the zener diode ZD and the t hreshol d vol t age

zi/teggt g];l E)Se[ (I\a/lr rsi:E-rrral nt ai ngﬁet g't Q’&h‘ N@?ﬁé’%]wsw e thr?aﬂt%# i %lst Sgﬁrgz

el egtrode is | ppataaedoltagd substantihadNil )equdler‘lfd itﬁkatthrfesﬁdl‘iﬂ it is
i ncreased to a potential higher than the zener vol tagam; err] by the

t hr eshol d vol t ¥gdtager éBeM@V[idmi] beiwesndiitg wr: tSOURSM vol t age of -
a val ue approxi mately equ 0.t r r supplied
fromthe source el ect rode t&gt&%&l’g}? Iglegﬁﬁg 5‘{9 gj'tzf ? 2‘5’(90%111 bit |ine
[err]. The wi {g:depanvel! adath gpmJ.l edamahe.eexgﬂamhdattﬂe MISFET joJs fed
to one of the-bit lines Bl to B8 through the colum .switch circuit é§0. 30

In the case vihend Bhdemoier Fhel s4ae redige W/L of the MISFET Q,,

10 _ B<A is held. Thus, the level shift amount 'Vl is
evaluated from the following equation where vthD denotes
the. threshold voltage of the MISFET Q50 and V denotes

thE
the threshold voltage of the MISFET Q

513

s /A/B V__ +V, \J eees (1)

v thp * VtnE 7 VtnE

~ = S
15 | o | The unit write-down circuit 'Wm , the input
_ _circuit W05 and the associated circuits as shown in )
- Figure 2(B) operate as follows. S
| | During the write-down operation of
information, the terminal V,, is supplied with a high

20 voltage vPP such as +25 volts, and the gate electrodes

of the MISFETs Q64’ 067 and 068 of the input circuit W05
. are supplied with the write-down control signal We at

e a level which is.substantially equal to the power.
S source veltage Voo o
25 If, at this time, the selection signal KO
' delivered from the Y-D}E'.C2 circuit is at the selection

level or at the high level substantially equal to the
| " voltage Voo» the MISFET 072 will be thereby brought
_ into the "on" state.
30"* i If the data signal supplied to the common



-2,,e| ected is the elenment F11, the wite-down voltage is supplied to the
bi \e2¥ne BL. In this case, the word line driving signal [err] i's brought -
to the selection |level substantially equal to the vol tage [err] by the
X-DEC circuit. 5 : _ Gni2y €0 the sel ection | evel of the
word line driving signal [err], the menory element [err] and-<the sw tching
M SFET [err] which.is arranged between,the source el ectrode of thIS menory

‘el ement and ead@pud/ouimstiyferminal Ho/0 ofromatetrcuids(not cshown) t e -
wite-down 10 ey S t oot me t he
t hreshol d vol tagetl')fe ]'rc?w X rmrly’ e rrenft.gﬂl gf %ﬁw Jt?fm ?t %ﬁgue whi ch

[is |ower . input i[diacuite ¥ &ﬂﬂlbfpﬂ'@wﬂe (t108 Eﬁgﬁfpiévelhﬂéﬁdt* of 5

volts which is substantlall tothe vol tage Vcc of the
word |ine dri vihYg“g!i@]Palﬂ’{ee Qey otk 3k Obe thro duatectihe Bomlng t'he

reaq- out operatgt%q: &of |nformat|on |nto its value which is higher than the
sel @tion | evel” during the read-out. Voltage drops whi ch devel op i n such a.

manner 20 ~ that thsiwde e:nbmsmw o.,rowfcﬁ
resi stance between the sour ce and drain of th I\/I SFET! Je. g. , the M SFET Q

in the colum SanPected dn sqnieg are &Q@W@Gs’bt@%‘h imbo ctireon bit

line, the sour Si S eLr] :
etc., are subs?lg y%sgngﬂg}%gé t#ﬁﬁﬁéﬁ&#}# %ﬂé{j £§1 ?%%P%nce [err]

between the M §5H':Esrt[iatl.r GND o it cdacuiyry A &1 agplied MSHHS geté] '
and [err] on an identical sem conductor substrate 30 substantial ly

- si milt aneousl yelmrpﬁree%ﬂl%m-%w As a result, the
' ~ MISFET 074 is brought into the "off" state.

The tum-off of the MISFET C).,4 results :I.n
supplying the gate electrode of the MISFET Q52 with a
- | voltage which is substantially equal to the sum
15 % V, + V., between the zener voltage V, of the zener
' diode ZD and the threshold voltage V. of the MISFET Q

T thE 51°
The output MISFET Q52 whose threshold voltage is

denoted by V., maintains its "on" state until the
. potential of its source electrode is increased to
20 (v'Z + vthE) --'v'thD’ that i_s,,tmtil'it is increased to
a potential' higher than the zener voltage Vz by the
threshold voltage difference vthE vthD

_ Accordingly, the write-down voltage of a
value approximately equal to the zener v_oltage Vz is
’25; " supplied from the source electrode of the output

' MISFET 052 ‘l;o the common bit line CB.O'
_ The write-down voltage supplied to the
common bit line CB, is fed to one of the bit lines
‘ B1 to By through the column switch circuit CSy.
30 : : In the case where the memory element to be

hed

»

*



"-23- of the respective M-SFETs [err] wundergo dispersions and fluctuati ony

| val ues substantially equaI to each other. Accordi ngly, the threshol @

% ge difference [err] is not substantially affected by the absolute 5

values of the dispersions and fluctuations of the threshold voltages of the

respective M SFETS. Si nce the anpbunt-oR2ckange of the threshold voltage
of the output MSFET [err] is determ ned by the i mpurity quantlty -

i ntroduced into the channel region by the ion inplant atlon 10

t echnol ogy as ef Qr t pol d ygLt e can be

det er mi ned con%g%???/aelélga?gﬁr%# ACM)Fdl nle 9921;% tgsgt%gé %

devel opi ng acregpplied rtei thanb:btcbimen Ets can bhiSabaséactnélwyraS
cancel | ed irrﬁggcté’}/ﬁgf thf di per5| ons of the threshold voltages of the
M SFETs. Ther @, BE S ¥anlgcboopghtetonthe sateqtion-Leval
voltage in a vgk ' r t ol tage. f

di ode ZD i rrespe%??%gtg%lﬁ é[q&éfs?o %éégﬁg%g% erYEPlﬂng%(%egsDﬁés ﬁglﬂt‘
chad®acteristic fluctuati cwing tdethet sglettioni Level.of theokbed words,

the bit lines n b uppl i ed w thewrltedovmvoltaeofavaIuewhlch
i s approxi mat :@n q%éf rgg M%juﬂ?ﬂﬁﬂ%aﬁh%ﬁn of § pgRndithee
non-vol atil e Z&yitching MESPEY

t
_supplied to the bit Ii ne I's suf% cl entl?y ral se ?ﬁ&%g resu t&?lf!lpge
sufficient queskectrade |o1fothtbs imemaipnr gbement anqleeanthlalte) bheughtat i ng

gﬁg\?mo}c nt E?gmﬁe " states. As a result, T@I?eovglzt'futta-dl\él)gg [err]
10_ | current is supplied to the memory element F11 ' "
Thus, the threshold voltage of the memory
element E‘.]1 is changed from its value which is lower
I than the selection level (for example, the level of
v F 5 volts which is substantially equal to the voltage V )

15 ~ of the word line driving signal W, delivered from the

1
, X—DEC circuit during the read-out operation of

information, into its value which is higher than the
selection level during the read-out.

1 Filn

Voltage'drops which develop in such a manner
20 that the write-down current flows through the ON
resistance between the source and drain of the MISFET,
e.g., the MISFET Q11 in the column switch circuit CSo
a resistance existing on the common bit line, the
' Lt source output resistance of the- output MISFET Q52,
25 - etc., are substantially cancelled by the threshold

voltage difference vthE - -vthD between the MISFE‘I‘s
- Q;, and Q

51 52°
In this case, by forming the MISFE‘I‘s Q51 and

e . 52 on an identical semiconductor substrate
T30 substantially simultaneously, the threshold voltages



. l‘\

-233icah be altered into the enhancenent node. Even in this case, the
wwgi-udomn vol tage at a conparatively good | evel can be supplied to the bit
I owing to the zener voltage [err] delivered fromthe zener diode ZD. 5
In this case, however, note nust be ta5e2301 the fact that the wite-down
~voltage is somewhat |owered in conparisofi“with that in the case where the
output M SFET [err] is inplenented in the depletion node, so that the

i nformation ch gar eftrt the f t SIS he
renor y eIenentaé%i?%%ggég?%E?ﬁgécﬂ%%gF?SO 5#iéﬁ?ebggA%?dFﬁsfhgicase &ﬁ%ﬁi '
the bit line [eand fhscteabisngpinedalines sbbstentdaldywequelt Xge eachst at ed

are 2l | Dasiothemeq IACPRURIAEN, KA, EARBSDRIG) VOLbRES, Aiddgrenes

»

parasitic capacytancesybet Eqaf. i Al E oda thiad aba®1ut
respective drajﬁﬁhEeCfYﬁUBgf QﬁgﬁsEﬁ§§§§§FF?§}gL%§E5%?FggEsﬁ§§@tﬁ?g% ute
.conpgratively |valgesadbficthdsdispersionsi andhfluctualtiogsVofFrEthe thmeshald -

20° omtted, the ngn-selected nory.. nts E to 21 . ,2561
will be substaﬁY?%#?@e%rﬁggﬁPeiﬁ?ﬁPFﬁgEVSnﬁlgkgﬁgs-inséﬁpﬁbtgﬁ-ﬁmgunt
non-sel ection | h; i 1R h M $hoaa J hatpatBet ween t he
source and drai§f§¢h§%%§sﬁfrgﬁgnghﬁgggg%&[g?}?h?% Pﬁékﬁgﬁk"s g?g, the 25
write-down cur rMLSFER G@QpiSedetermﬁnedebycthé iepurityl quamtiftyl, and

h , It a Th : | enent ,F21_h i t l,ect.r od
Suppl f ed wi th {FREIGIGEYoIREGCTEE FRETDRL: CREAGENPE: Bresion duplgntation
gi vegori se 10 arGORR1 Gy VEkYatiBbh, bERKFES tHe' thredfold voltagy that it

©i1s su

stantial [y maint d in the .
differencg thE - thD gap be dgtermined comparatiyely
accurately. " B

| Accordingly, the voltage drops-deveioﬁing
across the résiSténce components can be satisfactorily
15 ~ cancelled irrespective of the dispersions of the ()
threshold voltages of the MISFETs.
- Therefore, the bitllines can be supplied with
" the write-down volfage in a value being very close to
L the zener voltége Vi qf the zener diode ZD 1rrgspective_
20 “7 of the characteristic dispersions and characteristic
i Juzfluptuations of the 1ntegréted circuit. In other
words, the bit lines can be supplied with the write-down
voltage of a value.which is approximately equal to
| the drain'juncfibn-breakdown voltage of the non-volatile
25 memorf.elements. . _ -
| The ﬁrife—down_voltage to be supplied to
the bit line iS'sufficiently raised,_with_the result
that a sufficient quantity of informatioh charges are
_ injectéd into the'floating'gaté of the memory element.

. iqu;;h | The output MISFET Qg, shown in Figure 2(B)



bet ween t he source electrodes of the nmenory elenents F31 to F256 and ea
atg;held in the "off" states because the word line driving signals [err
to'[err] are at the non-sel éction | exeps4 Accordingly, notwithstanding that
the nenory elenments [err] are substantially brought into the "on" states as
descri bed above, the channel |eakage current can be substantially perfectly
prevented froncan be alteréfdotntg thewenhanpement mbde.[ er Eyemandnearth. In

memory ol ement ths SR88p theCRETRE-ARunCRPLLAER 8F BnpouRrRliNgLYL 256
M SFETs [err] godcléve? éa£553n5uab1heakeaetﬁerBfﬂt1ihewew§ﬁ§ tﬁ tPeakage

when the respective channel currents are snal I'n contrast,
current can bezesemcedltage E?bdehﬁveaEdyfneglthebtenengdioddeZELth the use

he above desc ed c Si nce.t rent fl ow
hrSuon 50" C EREREcakey hopeRet. snobR e B ke caEs Fhn: Party
negligible extgmat the ﬁ?ﬂﬁél&dﬁnovolhégéUiéegbméﬁhatnﬂoﬁafeaﬁ1h¢ dOWﬂ
circuit can-be reduced. I'n other words, the sizes of the output M SFET Q

etc. 52 can becomparisen|with| thatidini the casevwheredthe outputt 25

{05, Brovidedef g de WL! ShSTiReRheRULh £89 Heplchedh! HoE, SaRTHARE Y

the circuitry eﬁew@ﬁfoﬁﬁatbenebﬁanés ganbeeth3dectbdatRfo the floating
10 gate of the memory element decrease.

' . In the circuit of Figure 2(A), in the case
where the bit line'BT has been supplied with the write-
down voltage as stated above, the potentials of the-
floating gates of the memory elements F21 to P 2561

W raised to levels which are not negligible through the

parasitic capacitances between the respective floating

"-25- In this enbodi ment, the switching M SFETs [err] to 256 rranged Q?
]

are

gates and the respective drain electrodes because the
hr~- write-down voltage has the comparatively large value.
| As a result, if the switching MISFETs S, to S,.,
20 - omitted, the non-selected memory elements F21 to F2561
will be substantially brought into the "on" states in

spite of the non-selection level of the word line

W
CRE

e

Aol -

are

driving signals W to W 256°  Between the source and
- drain of the switching MISFET S in the "on" state, the
25 write-down current is suoplied to the selected memory
' element F11, and hence, a voltage appears. The memory
element F21 has its source electrode supplied with the
i _ drain voltage of the switching MISFET S1, so that it
_ . gives rise to a comparatively small leakage current
<30 5 _or that it is substantially maintained in the "off" state.

o DIPABE M



ACﬁ?EﬁLngLy, an enhancement in the production yield 30 s can be

achigiied. -26- Instead of arranging the reference potential |ines
cornNgsponding to the word lines as in Figure 2(A), the sources of a A
plurality of nmenory el enents belonging to one bit line may be connected to
earth through a 5 common resiggance.. In this case, & voltage is
formed across the conmon resistance by a wite-down current to be supplied

to one sel ected nenory el enent. . The vol tage devel opi ng across the common

resistance is suppliedto Imethbsrembodiment,nthesswétchmngeMﬁSFEEsesSnts
The 10 on-sel ect ed enen have theif s oten S
rai sed, and ar gt réz MQE g‘ﬁ&e?ﬂe%ﬁﬁf pouree: giec% 5 hi s
nmeasure, the o ge ents n r n a d Iosed
L ﬂﬁ mEs oL goEeD afidNeBRtR' 846 hﬁﬁ'.d 3n thel

i n Gernman Cffe However, 1n IS case,

follow ng fact Mntﬁ"tntatnsxbecamseotHerwondpltnendrivingeskggalsuw ents in
t he non-sel ected nory el e t he rei gfnce val e of the commp
resi®tor reeds @ &)’fﬁp %t’l’%T?e feLton ﬂvﬁ fpar ativel y | arge

vol tage drop is deve|Oped.ﬁzbordin%lfcrﬂétwiEEsEQHH?H r%ﬁh%ttheom egy?ggh.

resi stance by the wite-down curre This voltage Ts:al so supp
t he source of tdlemamks F.g| cberF anessubstadtiallyrhrogght tth&éo the

i te-d t. of th | ect ed d, and th

wilo.down 25 VOB Stafes AR AYSCrIPRA RNAYRe the SRERDALCASSFAESLy | chi ng
S h

M SFETs as s 0% L @é'“&uﬁ?&ﬂ@ii iy erf‘e?t,ﬂr{g %ﬁt\éﬁ' ¢hoas a

sufficiently | resi stance -val ue di ng I CI ency
10 flowing between the bit line B, and earth.

- In the case where t;e channel leakage
'currents are supplied to the respective memory elements
31 to F 56 due to the omission of the switching
| MISFETs S1 to 3256’ a substantial leakage current flows eve:j -
15 when the respective channel currents are small. In
: '_ contrast, the 1eakage current can be reduced to a
substantially negligible magnitude with the use of the
above described circuit. '
Since the leakage currents which flow through
20 ~ the memory arrays are reduced to the substantially
| negligible extent, the magnitude of the current
driving tne'write-down circuit'can be reduced. In
| ~other words, the sizes of the output MISFET Q

52
can be made small. 1In addition, the write-down current

etc.

25 - to be provided,from the write-down circuit can be set
' without considering the dispersion and fluctuation of
the 1eakage current, and the design of the circuitry
as well as the . elements can be facilitated.

' Accordingly, an. enhancement in the production yield
5éf3éﬁﬁﬁ ff'can be achieved.



of,thernforrratlonwrltedomn|ntotherrermrytobe30 selected is \
not substantrallylrmted by the switching . -27- MSFETs. In the circ
shew:j in Figure 2(B), in the case where the common i nput/output terninal
1/0is supplied w th-the data signal hsthe high level, the 5

out put” si gnal of “he input circuit [er (the drain output of the M SFET
[err]) i1s brought to the low |l evel substantially equal to earth potentral

and the M SFET [err] is brﬂ% ' e tHelrerdre mﬂth
the "off™ state of the 10 dr&ogglg%nﬁirrﬁ t he I\/ISFE [err]
brought into tﬂ.d.néencmon'&m.ametheemmhdimfes [eas MISIHU{IEH @(A),s

substantially ought to earth ten | the M SFE er.r |s case,
the conmon bit thendoprees of :ﬁ:y t?éplnteé’(?mt %‘;ﬁ 401 ) &f a

comparatively %Babhe"?l[i"l:eltili‘feo p c¥ndidet e tid ea&aﬂprﬁuwgh a0 charge
Is injected into t oat1 ng gate of he sel ected nenory element [err]. In

theS5case wher ecommonerestisdanciegnal Iparbh]isZ@ase, a voltagaids (faameade

[err] circuit is at t non- sel ectl n_level ., and_in.the case where the
writ e-down conffEPSSshe,CORMON, Ies G DY R W T r}étt eqdayy QTR e‘:t":ﬁ’e
M SFETs [err] ggdg BF'.‘L]:LeHe O ohe ts*are%éd DT iR E Nt 0 T volitage
state, so that the SFET [err] is 25 simlarly rendered into the
"on" state. Thdewelopimg ecioss mhecmom%mqsmqmdsaﬁuppirir%d@rEnt as
that of the unit w.ite-down circuit rl O i n tlhe fi,qure.

. the sources o ¢ 'non-ge ec memory elements. ° The

10 .nonFSelected memory elements have their source _
- potentials raised, and are thereby brought into the "off"
states. Even with this measure, the occurrence of
leakage currents caﬁ be prevented as disclosed in
_ ~ German Offenlegungsschrift No. 30.37315. _
S However, in this case, the following fact
- must be noted. In ordef fo prevent the leakage
currents in the non-selected'meﬁory elements, the resistance
value ‘'of the common resistor needs to be made comparatively
great, A comparatively large voltage drop is developed
20 across the common'resistor of the high resistance by
| the write-doyn current. This volfage is also supplied
kS to the source of the memory element to be selected.
' ‘Accordingly, the write-down currenf of the memory
element to be selected is reduced, and the write-down
25 efficiency of information is decreased.
The switching MISFETs as shown in Figure 2(4)
can be formed in a structure which has a sufficiently
low ON-resistance value; Accordingly, the éffieiency
- of ‘the information write-down into the memory to be
. B0z h _selected is not substantially limited. by the switching

AT A



P o

1t i1 be noted that al t hough the zener 30° - di ode ZD is common to
th@n’t wite-down circuits [err] - 28- to W4 in an alternative form

se ate zener diodes may be provided for each wite-down circuit.
Accérding to the arrangement shown in i é'ﬁres 2(A) and 2(sB), the bias
current of the zener 5 - diode ZD is supplied through®*one of the
unit wite-dowMISFET8is [err]. The bias current is supplied through the .

M SFETs [err] when the MSFE‘dl’Qgerr i s.brought into the ' 2 state. In
this case, the drain el ect¥® ¥ shown in; Figuzee2 Bépeénl ¥bey 10

brought to eart & S n o] ubstantially
as tge source ectﬁvﬁ‘cfi%s %corﬁa 1&@%}%3@3@%@%&3 gl@ ggght into

the ‘of f" stat @pplﬁmadtmetmé E‘dHS $tendloat trerhi, e]_e{,gmghthénto t he
"of f' states, the norna| %i? current is supplied to the zener diode ZD. In

thi @ enbodi mentOWHRE g0 0% the i input r¢iremit W ? bEnQEa&npDuthts |
whi ch 3 d

but put but fer O ot WESFEDRO YRS Bhéugh®eEo! BhE 108 Eeblr, OTF, AT

are sel ecti vel yulpshentially tézp.:aiblmtemthlmténtial;] anlli ¢he aMESPEDV( dEd

fromthe Y-DEC_circuit e o u fer circuit OUT supplies the co
i nput/ out put t hSmTaY 595%%% g‘g 'Eﬁ&l']; 'Eaa | evel correspondi ng
to an output signal of 0”?&%&%&%%%1’1;' Ro£fn state of the

10_ | . MSFET 073, the MISFET 074 is brought into the "on"

' ' state. :

The gate electrode of the MISFET 052
substantially ‘brought to earth potential by the MISFET Q73
In this case, the common bit line CBO is
15 supplied with only a voltage of a comparatively small
value through the ‘MISFET 052 :
Accordingly, no charge is injected into the
floating gate of the selected memory element FH1
'In the case where the selection signal Kb
20 provided from the Y’--DEC2 circuit is at the non-selection
level, and in the case where the write-down control .
signal We is ‘at the low level, at least one of the
MISFETs Q,, and Q,, responds thereto to be rendered
into the "off" state, so that the MISFET Q7h is
25 ' similarly rendered into the "on" state.
' ~The unit write-down circuits Wb
the same arrangement as that of the unit write—down

circuit Wo

to W o 4 have

1 as shown in the figure.
It will be noted that although the zener

30 - diode ZD is common to the unit write-down circuits W1



The output terminal of the output buffer circuit OUT is brought into thqéEE) _
floatﬂng state in such a way ¢that the control signal [err] is at the lo
;IEV’ . as during the chip non-sel ection. -29- Figure 3 shows a
pré‘tlcable circuit arrangenent of thssense anpllfler [err] and circuits
associ ated thereWith. The common bit line CB is 0 connected to the
source el ectrode of an anplifying 5 MSFET 9 and the drain

el ectrode of ateo 8%anlncanremtekhSEEteffbrh separateaizenetr Hh@dUBSE&g
[err] connecte junction between the M SFEETs %irr] and [err] i ch
are connect ed ﬁ REPV Qegefﬁﬁeﬁaﬁhewﬁéﬁér downy edrceddienal and earth so as

to forma predeterm ned 1 C it line [err]
is al so connected to the ggﬁ?geigﬁec? e o?%QSﬁF§EE¥ ?§§?? R ose gate is
connected to tE&gﬂnest26A)bandeeﬁB0hethessE§s cﬁrr@hi bér the zeflewhose
drapn is conneéiea tg t he gomei sQurce 15 erm nal . Accordingly
dur?ng the reaft*8ge Be#ﬁt BRP ieﬁnFBFHHEPoﬁnetﬁé Eh&suﬂéﬁtﬂﬁétﬁsdayﬁlled
through the MéfEEDtgs LA “EﬁEggnse Cms%agg%hl»rfeatoag QEBB&Xe&' ement

sel ected by -the an@1y- bGeircults
~accordance mntthnoughftheaMISEEmsl nagddw@, qrwhenuthp,MEBFEsebg th menory
é ower than the sel eéTion |evel -

el enment has th re ta r. or
of the word I| EF% ﬂﬁgglgaﬁ ﬁgfstﬁgéaebefo this; gaseasthendrainne.

gflfﬁted nennrglg&EPSEESZEf the MISFETer54L Qtheanafhéosaﬁeere558§@§951¥e

19 . brought to earth potential_by MISFETs Q78’ Q82 and QB6
and function substantially as the source electrodes.
Accordingly, the MISFETs Qz, Qg, and Qg are brought
into the "off" states. Since the MISFETs Q54’ Qg7

| and QGO are brought into the "off" states, the normal bias
J current is supplied to the zener diode ZD.
| . In this embodiment, the read-out circuit R,
consists of sense amplifiers SAO to SA, which

3 .
correspond to the common bit lines CB. to CB. one to

one, and an output buffer circuit OUT? p3
20 ~ The sense amplifiers SAg to SA; are
selectively operated by the selection signals KO to K
which are provided from the Y’--DEC2 circuit.
The output buffer circuit OUT supplies the

common input/output terminal I/O with a signal of a

3

25 level corresponding to an output signal of one selected
| _sense amplifier.
The output terminal of the output buffer
circuit OUT is brought into the floating state in such
~a way that the control signal cs is at the low 1evel
30, . 'as.during the chip non-selection.



sel jon 1 evel of the word |ine driving signal, the comon bit line [err]

iS¢ ught to a conparatively high level by the MSFET [err]. In the case
whepa\the sel ected nmenory el enent 30 is held in the "on" state by
t he-gel ection level of the -30- word line driving signal, the conmon bit

- line CBis 0 brought to a conparatively— @® l~evel. In this cdse, the high

| evel of the common bit line [err] is brought to a conparatively |ow |evel
5 because the gate voltage of the MSFET [err]. is held
conparatively | ow The | oWFLgure %f shiowsc enpaaciiicable qigiouit s nade to be

at a conparatlve | ev pr t, L at| of the =
M SFETs [err]an en% Sthﬁﬁeﬁgg\% %&ﬂ%@wtﬁ%g}a %@Zqﬁlcd‘ﬁ("l A and | ow
- level of the Comacbatehl SHelewikhar e | Milel @bmmon it MEMeCB ! g speed of
r ead- out can be rendered high in-spite of the fact that capaC|ances such

as stray capaci cansestedntoi fjet sourcenailestnogion §fs s AmpLifying t he

S UTBI by, of | meMGSEED] Goonfind PRk HRRTR crdctehel R 3e AL 01 10M 2
In vvhl ch one’ |edﬁrreﬁttHESFEmﬂng.t | The gBxe %ﬁhﬁ&;mm otjier | evel

20 can be made short anplifying MSFET [err has 9he fixed
bi as vol tage appepeected;te gaeeduaﬁaipnebsga@ssu @nsbrmon

D e 7] 8PPl ifohOubboosfHkbtea 1 YeFhU betheld ld % over

- conmon- gat e
source terminal and earth so as to form a predetermined

10 bias voltage. _ _
. The common bit line CBb is also connected to
the source electrode of a MISFET Q98 whose gate is
| connected to the Junction between the MISFETs 096 and
Sigt 'Qb7 and whose ‘drain is connected to the power source
15 . terminal.
T ' Accordingly, during the read-out operation of
informaticn, the bias voltage is applied through the .
MISFET Q98 in the sense circuit SAO to one memory element .
selected by the X-DEC and Y'—DEC1
20 , In accordance with an information written

circuits.

down previously, the selected memory element has the
threshold voltage higher or lower than the selection
level of the word line driving signal as stated ‘before.
_ In the case where the selected memory element
25 ' is held in the "off“ state irrespective of the
selection level of the word line driving signal the
common bit line CB is brought to a comparatively high

0
level by the MISFET an

o In the case where the selected memory element
- 307 18 held in the "on" state by the selection level of the



,

25 anplifier together with a | oad M SFET Q100. An anplified @
0 tput signal provided at the drain of the MSFET [err] is applied to the,

e of one differential MSFET [err]. The gate of the other differential
.M§FET[err] 30 - is supplied w 3y a reference voltage V which is
r ef -31- forn®d by a reference voltage generating circuit at the
succeedi ng stage. The reference voltage generating circuit includes a dumy
menory el ementword lm driving signal, the commonybienbimeeCBReds F is

connected to t on bet ween SFETS %erig whi ch are conrected in

seri es between ’f?\‘é&b ? 2TPERATAFLYRLY APW 48Veheso as to forma

predet er m ned i nter nedi at:g.lv.&]ll g@asgo%%glt_ﬁgfﬁ %vﬁldéf“ glg&%gge of the
er or

dumy 10 : menory el ement
corresponds tobi'hel:MS% be bimglmtuim awcomparatively Idm kevelcircuit

?géhat forrre% é/ati 1|_\A‘I§e ET%[eri"éa rﬁﬁoﬁi @EFETS Lserr] 322 [I\/IerSIr:]ET

[errr] are cor&:@@ﬁ‘hﬁﬁém TR ce el ectrodes of the M SFETs [err] and the
drain of the constant current MSFET [err]. A potential of an internediate

val ue between 20  tThe high level afidthevcommen bitt]:line it line
[err] is appli e squrce electr t SFT he dummy
nenory el enent [ihee ﬁﬁ&cl‘)%a?ﬁg‘éﬁf h{]&“i gﬁ [err] at
| setting the size ratios of the MISFETs 098 and 099 and
10 -the memory element.,

When the high level and low level of the
: como_n bit line CBO are limited in this manner, the
speed of read-out can be rendered high in spite of the
fact that capacitanees such as stray ca'p'a.ci*l_:ances
R . limiting the signal changing speed exiet in the common
bit lihe CBO._ In other words, in such a case where
data from a plurality of memory elements are read out
in succession, the period of time in which one level
‘of the common bit line CB, 1is changed to the other level
20 ¢an be made short.
The amplifying MISFET 099 has the fixed
bias voltage applied to its gate, and the read-out

signal from the common bit line CB, applied to its _

. 0
~source. Therefore, it constitutes a common-gate
25 amplifier together with a load MISFET Q‘I 00° An

amplified output signal provn.ded at the drain of the
MISFET Q99 is applied to the gate of one differential
MISFEI‘ 090

The gate of the other differential MISFET. 091

which is

30, - is supplied with a reference voltage V.



% nternedi ate | evel between the read-out high | evel 25 and | ow

€ “ yWhich are delivered to the drain of the MSFET [err] is provided at
‘- r’aln of the anplifying MSFET [err]. Since the reference voltage o/
generating circuit of this formhas an arpgangenment simlar to the 30 -
circuit formed by the M SFETs [err] the colum- -32- switcHcircuit and
the nenory elenments, it provides the reference voltage Vref of good |evel

irrespect | ve ofedlifed i yahd plRcRLe | U EEES BghUrXethgIBE BLs NGeM SFETS

provi ded with atHé Sudcéedin V\thgetunctlons as a constant current eI ement ,
and a M SFET 3 whose gate e %ectrode S suiggl ed with the sel ection signal

[err] fromthe [err] circufieinefenenceovedtage gaaeratingampremidr. On the

ot her hand, th M T ] are
respecti veI y prow:l'g'{dolas 0% &‘Fﬁ%ﬂ J:%;ﬁﬁéf%m%&f F. Tﬁge |Elgf ?gd%égtp

. sigrml of this dlirfyermseniory eéb@menteF Lireohhetsedr 86Sthit §nkeibhe out put
. buffer circuit OUT through a Iatch circuit LC. The latch circuit LC has the

sel ection signd&e 165 c®R4 Qpgsi Whiehearedcongecked dnth the
lif e t t
:;nzgt Z(r:lmbly f[ﬁ;sészlﬁgrge{#albe %ﬁtﬁﬁb%%‘g%es 23013% ?gggr%ﬁﬁapg%ﬁtw]gg si gnal

correspondi ng tas tiee ﬁmmeé pbédd‘eénﬂiﬁé@niﬁberﬂédiate vol‘tdgé.f erenti al
“anmplifier circuit. When_not sel ected by the signal [err]:, the output

termnal of the latch cird&amnected to the drain; ﬁ@eetaeée A@c&hel AYmEY t he
Inpyig term nal yindMP Abd¥it F 1s a MISFET Qo for & dummy which

corresponds to the MISFEi_‘s of the column switch circuit.
' ' The same circuit as that formed by the
MISFETs 096 to Q1°1 is formed by MISFETs Q102, 0103

and 0, o Q. S o | Dh
15 S As shom; the dummy memory element F and the "/

t

=

. MISFET Q106 are connected to the source electrodes of
3 the MISFETs 01 07 and Q108 and the drain of the constant
current MISFET Q110 '
A potential of an intermediate wvalue between
20 ;.- the high level and low level of the common bit line
. CBO is applied to the source electrode of the MISFET Q108
by the dummy memory element F and the MISFET Q1 06°
' As a result the reference voltage V re f at
_ the in‘l:ermediate level between the read-out high level
25 and low level which are delivered to the drain of the
MISFET 099 is provided at the drain of the amplii‘ying

MISFET Q 108°

Since the reference voltage generating
. eircuit of this form has an arrangement similar to the
. ,__39 circuit forineti by tl'le MISFETs 096 to Q101, the column



buffer circuit OUT is supplied with only the output 25 sirgnal - o
t at bne of the sense anplifiers [err] which has been selected by the -~ f
/gctlon signals [err]. Figures 4 and 5 each show different fornms of the i
mwvte down circuit shrown in Figure 2(B). In each of the circuits shown in
Figures 4 30 ° and 5, an output e Buit is formed by M SFETs [err]
to -33- In the preceding stage of the output circuit, there is arranged
a sul tabl e | 007 CogbEnClirdul t\anaN the HdRR Ef@l%reﬁttshei‘g viQws ¢aetrol
signal We, the wite-down data an e se i on signal Ignals at a 5
level substantiarefeeeuae voltage XrﬁginGnged develle iowespecttdve odfl The

3 f th t t d t if _th t
Suppl i ed 1o the PUHREHAEABHS Bt He CorAeRaLY ToLEARes of The MISFEDRel . A
M SFET [err] is arranged b%@eeemhaﬁ Quhipde ber %%\Bahﬁ.ﬁf?‘ei%;ﬂal g\usm:%f %o

the output circuit and the corresponding conmon zener
di.od8- ZD si ni | arand Qg tisnprbviﬁedeydmhgaeNKSEEEeQ%E& whichnfunetionst be a

tput t | NL ¢ h t ¢l The gat f th
MISPET [or 1] 1s CORRERRYGORETPHE SLRmnd,oaBd s MSSFET” o) HBP Bepts

through a |evel éﬁeétradewl§F§ﬁpb§iéh wﬁ%ﬁotﬁbngbleciﬁSnVQE E?Sm the
common bit line CBo.is determ ned by the M SFET [err]. e C|r urt shown

in Figure 4, a z6mBEC oFiagBitsiulDederytappeledtt&hehseQSEeamplﬁﬁéer.
%

ggﬁggk?gifolihe [err] ?EEF8§%%§8 B§£ ﬁ%ﬁggf%gﬁu Faiﬁ tﬂg £ Olbﬁg&&ren 1a1

vol tege of the M@EﬁﬁTfseg?é and coraragi-uspéaeﬁ&z&aafa@iaéaaww189&8

‘'not occur in the non-vol
MISFETs 094 and_Q95 The amplified output signal of this

: differehtial amplifier circuit is transmitted to the output
buffer circuit OUT through a latch circuit LC. o
o The latch circuit LC has the selection signal
5 - K, applied thereto, and is selected together with the
sense amplifier SAO.
The latch circuit LC is arranged so that when

selected by the signal K., it provides its output terminal

o’
with a signal corresponding to the signal delivered from the
20 differential amplifier circuit.  When not selected by

- the signal KO’ the oﬁtput terminal of the latch circuit
1C is in the floating state.
| Accordingly, the input terminal of the output
; ‘buffer eircuit OUT is supplied with only the output

25 signal ‘of that one of the sense amplifiers SA, to SA; which .

has been selected by the selection signals.beto K3.
Figures 4 and 5 each show different forms of

‘the write-down circuit shown in Figure 2(B).
In each of the circuits shown in Figures &4

- 30 ;. and 5, an output circuit is formed by MISFETs.Q111 to



=y el enent F1. Accordingly, the voltage which 25 s applied
d drainn of the nenory el enent F11 during the wite-down becones

pa/atively low, so that the circuit does not operate properly in the e

case where a conparatively high wite-dowp3speed is requived. In the
circuit shown in Figure 5, the level 30 shifting MSFET [err] is
arranged as in t he ermbodi nent shown in Figure 2(B). I n accordance with

the circuit of fg4gure 5714 hgdefpréeediteg Vota eoi\htlfié bﬁtﬁﬁﬁ' bfﬁcﬁﬂt}he

~gate of the MS ‘{err] S ralsed approximaiely to the threshold voltage
[err] of the M Sierd ets]amafmgeésmesnitablenelﬁgic gate circuis Uhicheis

di ode ZD t : nbodi 2(B
fesult. the pot SHRENISH VHES CHieorrEFe-doVe SoRCbeloei saAboNan: FBRI y ot
the zener vol ta%ﬁ?e-ldtﬁ%ﬁ‘ed&i%& e t 561 650PGANBLENANOWN ERghhUET & t2é|3)
-10 the wite-down voltage to be applied to the bit

| i ne gan be accureated )Stﬂ!ﬁtawb:ba]:ﬁmmqm i |%I‘ﬁepeg‘§&d§df at gheventing

Clase to the Pr;qu%%oﬁ%ﬁn 19N h 88 s, 0 [*ﬁé# HEDHR, ciPEull alirhae

menory el enent i dqpl tdLdown® PSEFREIOR bfqmépesda%ubgiﬂeuntapenat i on.

‘As a const ant vo tage elenent for determning the clanp voltage, it is
conveni ent to|ﬂadmmnntinwuxfbmtmwbcterminglohs fefcarans tbendew level.

The nonvol at 1 &k MFSFET preid arSiihed epheed R pHERLLS BFpiAHLR, ©f
hi gh- fd)eed writ stiomb CRPERE OF1 rélEL NRd VEhat bPreBpBhilinke domnonFbitar e

~ 1line CBO A zener diode ZD similar to that in the
foregoing embodiment is connected to the output terminal
NH through-afcurrent clamping MISFET 0115 The gate of
- the MISFET Q. 16 is connected to the zener diode ZD’

15.;+ -  directly or through a level shifting MISFET Q115 W/

Accordingly, the voltage of the common bit line CB, is
determined by the MISFET Q116'
' - In the circuit shown in Figure 4, a zener
voltage is directly applied to the gate of the clamping
20 | MISFET CH16;. .In-response thereto, the voltage of the
- common bit line CB, is lowered by an amount equal to the
threshold voltage of the MISFET Qﬁ16' Accordingly, the
avalanche breakdown does not occur in the non-volatile
i . memory element F,

: 11°
25 is applied to the drain of the memory element F

Accordingly, the voltage which
11 during
the write-down becomes comparatively low, so that the
circuit does not operate properly in the case where a
comparatively“hiéh write-down speed is required.
Infthe'circuit-shown in Figure 5, the level
30 shifting MISFET Q' is arranged as in the embodiment
' shown in Figure 2(3).

-



fabrlcated Iin a structure as shown in Figures 6(A) to 25 6(0C) .
Referting to Figures 6(A) to 6(C), a sem conductor substrate 1 is nade of
p?;ype Si (silicon) single crystal in which a conductivity type deterntnlng

rity is contained at, for exanple, [err] atons/[err]. 30 One
- maj or surface of ®the substrate lis forg&d W th a -35- thick field
Si @2(silicon oxide) film 2. A portion surrounded with the field SiO film
2 is nmade an active 2 region. . The substrate surface which constitutes the.

active region is forned w dcbBriafidbewdith thbl@ﬁ%cugtSOf Figure %he gate -
SS2 film3 is overlaid wt ac%  oati ng gate FG which i's nmade g? a first

conductive pol ythgsefibrepetBe vvalbage whliehi isarppdied: Socithet gate PE i s

overlaid through an diate insuylating filmb5 ith a,conttol

el ectrode CG whiR i #ﬁﬁn8¢ﬂ5a§§e€8 &egoa%pr°XQha%8ﬁhU?9i é thPesfig18

pol ycrystalliney §1ﬁ£§¥ev SUbékaﬂhéaMtSﬁﬁﬂF@%tgbawWthrbb@éctTha theati ng
e co

gate FG has a wi quathEo t hat of t ate CG and extends onto -
the Bield [err]vbltagd. of theFzgner diaye Zﬁbaendnpxhﬁscércvﬂﬁ pfo#heng 15

Jem condact or sEBEPRNELE §h EReREen ol By | oA het tond5F, SseltisL: | m
2 and the gate BecEhE 0dghmoft b&_mpnﬁartbaanwts% ebstantRallyear] thad
[err]formed by Introducing an n-type 2 i mpurity at a conparatively
hi gh concentratzenearvoltagedas in the circuit of the embodiment shown
in Figure 2(B). |
10 " Thus, the write-down voltage to be applied
| to the bit line can be'acourately‘set to a magnitude
which is necessary for preventing the avalance breakdown
in the non-volatile memory element and which is close
| 5;7 to the maximum voltage. Accordingly, the nonrvolatile
155; memory element is permitted to perform a high-speed
| 'write-down operation.
o _ ' N As a constant voltage element for determining
. the clamp-voltage, it is convenient to utilize the
semiconductor regions which are formed simul taneously
20 | with the formation of the semiconductor regions of the
-nonsvolatile memory element ‘as stated before.
't In order to attain a high—speed write-down
" o operation, the nonpvolatile memory elements F11 are
.~ fabricated in a etructure as shown in Figures 6(A) to
- - 6(c). . s _
| Referring to Figures 6(A) to 6(C),
semiconductor substrate 1 is made of a p-type Si (silicon)
-single crystal in which a conductivity_type determining

5 3

'_impurity is conteined et,lfor example, 10 atoms/cm”.

30 - ~ One major surface of the”subétrate 1 is formed with a



fn--type sem conductor region.4 is used as the source region of one
-Volatile menory elenent. The n -type sem conductor region [err] which

I's e&tended 25 in the lateral direction on the drawing. as shown in '\«
Fidure 6(A) is used.as a region fqr_fornming a reference potenti al line. The
source region 4 and the mﬁring‘ﬁﬁbrbn [err] [err] are integrally formed

as shown in the draw ng. 30 The [err] type sem conduct or

: [ [ Lgr.l the. squ not her non-

Vol ati1 ¢ merory thteRe e el BIEIRANCat SUME AT &- Toof FPTELOR “lsed as
a wring regi onsufbeundeaymme@eorfita@rsme 'ﬁ&ﬁzay%?é&é?a% active 2S
t he conmon drain regions of the. palr of non-wolatile nenory el enents. Over

the control gatEegleBsr od&hecsubsimatey sunfaces whdicth donstd tutes thee

(6t® O 100 CHRERYS, cORBN TR BoPhell M| A e’ S SO

orthggonal |y wi fhet gateost Iﬁeheaeliecwquﬁ"%w 'Q&l%gﬁga%éle' din

ohm c contact wiith the draiff region 4 i'n a contact. port.ion
i I l'ustrated in PRguhich(tp, mpdet pd eufixsd t&nductive(pbmyurystalkmmwctor

bstrate | und the LLl film2, _a [err regi on_7 which
ﬁ;sst LZ garreucoﬁ uc# ty ty g g;l[)?ﬁﬂn ;-@g[stg‘ &sar?"’ eRdald y
concentration htuhcughhsn ihtérﬁédih%esahﬁhlﬁtﬁnh§fﬁihﬁ%% Jth ghannel

Further, 1 f necessar
stopper . control gate eleztrode CG which is made of a.second
10 | conductive polycrystalline Si layer substantially

forming agword'line. |
_ | The floating gate FG has a width ‘equal to that of
the control gate CG and extends onto the field SiO2
 film 2. In Figure 6(A), the end parts of the floating
15 _ gate FG are indicated by broken lines Eh1 332°
In that surface of the semiconductor substrate
1 which is not surrounded with the field SiO2 film 2 and
the gate electrodes, -type semiconductor regions Rﬂ,
_ 481' 4, hSZ and R.2 formed by introducing an n-type
20 impurity at a comparatively high concentration are
' formed. o : o |
The n -type semiconductor region 4 is used
as the source region of one non-volatile memory element.
| The n -type semiconductor region R which is extended
25 in the lateral direotion on the drawing as shown in
Figure 6(A) is ‘used as a region for forming a reference

potential line.

The source region 4 and the wiring region
R1 are integrally formed as shown in the drawing.
.- 30 The n -type semiconductor region 4 is

and E e

L 4



20 ap -type region 7a having a still higher inpurity concentration is

formed in that part of the channel portion of the sem conductor :
: o-no‘ﬂ'/_,'v\ol atile nenory element which is close to the field Si®. In the
“nonfvol atile nmenory ekenent 25 constructed as above when the

‘write-down voltagt is applied to the. dggid region 4 and the word |ine
driving signal of the selection level 1s applied to the control gate CGL,
the spread of a depletion |layer to spread to the p -type region 7a fromthe

j unction 30 ion b t he drai i on 4 th -t
1577 Cgi on 7a iatmdiRa ek e g ot PR L o AR e U6

accordingly.  RAGEHAS nédty [Sldnéht)ame! tise! i Lty Ssdiffdductor

accel erated by the high drain“field strength. Accordi ngly, high energy is
afforded to 5 region dt used @ pariningindgion creat ed when the

el ectrons have col | ided “agaj.nst «segn conduct or_crystal_lattices., In ot er

words, the generation effi %&/ ‘&Yﬂﬁts?ﬂé%qf}cﬁ-fét?% RS %gb) jaﬁ'nd"st

wr i tﬁdown speeGd ShHe FWninore HYHIGE Pegibng of the pair of ndrlvd¥atile
0

non-vol atil e nmenory el enent, in the case where electrons are injected into
the floati ng gamemeey lelementse gate [err] film3 as is well known, this

floating gate FG becones a Jeqgatj.ve potentd al . so that a,t shol d. vol t age
for the control gate CG is%_the coowooe'l'. ag%%ﬁ#ea‘fa“f’edﬁ/%cfe’eaaf W%such
as about 7 vol t Qayedr ERHIFH .fdrhd e WIS AL e Gl G ONforereédiileé nj ect ed
into the floating gate FG a threshold voltage tor a voltage to be applied

to the control @ eveporates ajuminiamplayerkiis |foymed Jraugh &n about 2
VOlt%o o intermediaté insulating film 5b so as to intersect |
- orthogonally with the control gate electrode.
. - The wiring layer 6 is held in ohmic contact
oL with the drain region AD in a contact portion CNT.
UE, As illustrated in Figure 6(C), in the surface
15- . of the semiconductor substrate 1 underneath the field
—Sioz £ilm 2, a p'-type region 7 which has the same
conductivity type as that of the substrate and an
impurity concentration higher than that of the substrate
is_fbrmed as a channel stopper. Further, if necessary,

a p++-type- region 7a having a still higher impurity

.'. '8

concentration is formed in that part of the channel
portioh of the_semiconductor non-volatile memory
element which is close to the field 510,.
_ In the non~volatile memory element
25 constructed as above when the write-down voltage is
applied to the drain region hD and the word line
driving signal of the selection level is applied to
the cpntrol gate CG1, the spread of a depletion layer
L ~ to spread to the p++-type'region 7a from the junction
30 ' portioh between the drain region AD and the p++-£ype



Accordi ngly, when the selection |evel of the word
i.e., the level of the signal to be applied to the
conirol gate CGis set at an internediate val ue between the high and | ow o
t hiéshol d vol tages of the nenory el ene £.09., 5volts +n the 25
read-out operation, the nenory el enent s Tendered into the *on" state or

“off" state, depending upon whether or not the electrons are injected into

the floating gpégibf 74 idVMﬁQted TepAethecdrale Feaddowtrempthe igarried
out. 30 Al t houg Athis is not especially. restrictive,

~.-38- ‘the non- vbntensbfﬁednaszcord&asiyas sEdectropsy whish Formie ichenael n
accordance with a ne%hod of "man actur to bgnges i b eIo res

O et \utreg RenorroRbly gptale Yol in i
respective mangtaghgthlld SAEBSrdinfTeo" ﬁigal ¥neklgy TR BFFoRiaedmAY act uring

an enbodi ment will now be described with reference to Figures 7(A) to 7(F).
TheSl eft hal f ehectronnhotagpaé:swh;choarerrsn&ndawh@m \theselies tnoms: v

el ement, whil t he | f sho T for
consttut i ng RBEF: pharaned’ peatpst spitpopBiictor IRk TaSEIEAL (e 4
made of singl ergryshélr wordB§ thei geﬁewgoienrremaleh of matarallel to
the (100) plane, which is about 200 [err] i ck and which has a

resistivity ofeheetrons éﬁnﬁ@ﬁfpgeﬁbe98ﬂeGheAWrﬁﬁﬁﬂﬂﬂﬂnn§HQPdn&&hzed Si o

film3" having several hundred [err] is forned on the
surface of theg§3%§¥§ Fgﬁéngﬁdfhe known t her nal
10 In the non-volatile memory element, in the

-¢case where electrons are injected into the floating
gate FG through the gate 510, film 3 as is well known,
- this floating gate FG becomes a negative potential,
- 80 that a threshold voltage for the oontrol gate CG is ]
'151. " made a comparatively great value such as about 7 volts. \;i-"
| In oontrast. in the case where electrons are not _
1njected'into the floating gate FG, a threshold voltage
for a voltage to be applied to the control gate CG is
set at a comparatively low value such as about 2 volts.
20 - - ' ?Accordingiy, when the selection level of the
~ word 11ne_driving signal, i.e., the level of the signal
to be applied to~the'control'gate CG 1s set at an
intermediate value between the high and low threshold
voltages.of'fhe'memory element, e.g., 5 volts in the
25 read-out operation, the memory element is rendered
into the”éon"‘state or "off" state, depending upon
whether or not the electrons are injected into the
- floaling gate FG in advance. Therefore, the read-out
_ ~ can be carried out. '
_30 - Although this is not espeoially restrictive,



20 oxi dation technology in order to prevent crystal defects from “
bei ng induced in the surface of the substrate | due to a silicon nitride-
;f\tﬁ1to be formed later. Subsequently, the silicon nitride (Si3M) film 25

8 “hich is about 1406 [err] thick is forned on the [err] film3' by the

known chemi cal vdpour deposition techiol ogy which uses silane gas and

ammoni a gas. A photoresist film (not an) for an etching mask i's forned

on the SiNgd film 8, whereupon 30 the photoresist filmis -

sel ectively ex&ﬁéeﬁohﬂvbiﬂﬂile meﬁ%rya@ieh% Q?%Q‘Qtﬂted above el the
photoresist-filmis left on parts of “the substrate to be nade active

r egi ons. Subsedi‘ab!rﬂ.bptedsd.ngaclcerdamenmg;hplaomtm&toff mamuefa cttinereet chi ng:

k, the Si In18 i S hed_and 3 renove For ing of the
g?s fIFﬁ]g @He B d€85T éSGaIﬁﬁlﬁﬂbcesg &3@9 3k%§a§h8§ agreactlon
gas can be errpgexeionéit ¥el2TRY agsbﬁic%ah% shbsttﬁg photoreS| ot

photoresist film9 is forned on the substrate anew
9i% selectlvery592p¢swé manhfgbtuadnglstepmelopéndardmngmy t tthie a Wi ndow

f f th 7 h A 6(C b
o e by e BeRer R meReAR e 35 SRndiel 1l B °°
photoreS|st f'H@harigéunﬁitﬁerE?grbﬁbggtBhgt?h%%@§?(fU' nggq Si3Nd film8

as an ion inplantation nask p-type i nmpuri is intro i‘Nto the
surface of the - The left half parts I of Figures 7(A) to 7(F)
 show a non-volatile memory element, whilst the right
10 half parts II show a MISFET for constituting a

peripheral circuit.
' (a) First, a ‘semiconductor substrate 1 made
of single-crystal p-type silicon whose major surface
is parallel to the (100) plane, which is about 200um
15 thick and which has a resistivity of about 20 ohm-cm
is prepared. '
A thin thermallyboxidized SiO2 film 3 having
a thickness of, e.g. several hundred 1 is formed on the
surface of the substrate 1 by the known thermal
20 *ﬁ oxidatien technology in order to prevent crystal
defects from being induced in the surface of the
substrate 1 due to a silicon nitride film to be
'formed later.
Subsequently, the silicon nitride (Si3NA) film
25 8 which is about 1400 R thick is formed on the Si0
iilm 3! by the known chemical vapour deposition

2

technology which uses silane gas and ammonia gas.
| A photoresist £ilm (not shown) for an
o etching mask is formed on the SiSNh film 8, whereupon
30 'the photoresist film is selectively exposed to light



ogy as i
de) is us
i nt énded. The
I mpl anted into

of, e.g., about
. mass greater th
mass of B: 11),

film8 and the ungerdst nén [rts fot Mige - subdesatéi noty, bevmadaheetihe [err]

films8 - 40-

i s not introduceeeg¥ansdt he surface of the substrate 1 under the [err] film

8. (b) Subseque
substrate 1 is

atnnqphere such
the inpurity in
the drive-in- di
whi ch is extend
formed. After t

substrate | und

10

ough the SiO film3 by the ion 2 20 I npl antation

|lustrated in Figure 7(A). In this case, [err] (boron
ed as inpurity ions though no special. restriction is
inpurity ions are given epergy of, e.g. 7 keV and ar

e

o/

the surface of the 256 = 39 =Substrate | at & concentration
[err] -2 atons/[err] Slnce [err] as the |npur|ty i ons has a

hd [ fovelipedls A & ol (P PROTRMERLRE FETE

i's made conparatively thin as descri bed above, the inp

vl oa ot SHBGIRHY, eing the DUEASREALLRbLE

urity

isthe
gas

£nidd oged @chi Qiuém,e ﬂ@éi smﬁ t pelmngeski sgchedaanant

troduced in the surface of..the sud #rate 1.is dlffused by
frremaved. 10 For the e%CfaiﬂﬁsQlftthGhﬁiﬁg t;« e B eg the 7a
AR S F Lo AR YRR LrilEn pablal fhBaleon,

er conditions
After removing the photoresist film, a

photoresist film 9 is formed on the substrate 1 anew.
The photoresist film S is selectively expo
to 1ight and-is developed in order that a window for

- [err] ions .at tfgag;e&mtbélmmﬁdnpl ant ed into the vvhole surface of the

sed

__forming'the ot -type region 7a as shown in Figures 6(A)
to 6(C) may be formed by the combination between the

15

20 e

25

SiBNL film 8 and the photoresist £ilm 9.

Using the remaining photoresist film 9 and -
'_Si3N4 £ilm 8 as an ion implentation mask, a p-type

impurity is introduced into the surface of the

substrate 1 through the SiO2 film 3' by the ion

implantation technology as illustrated in Figure 7(4).

In this case, BF (boron fluoride) is
used as impurity ions though no special restriction
is intended. The impurity ions are given energy of,

€ege 75 keV and are implanted into the surface of the
14

| substrate 1 at a concentration of, e.g., about 10

atoms/cmz._

| Since BF2 as the impurity ions has a mass
greater than that of the impurity such as B (boron)
(mass of BF h9, mass of B. 11), it is difficult to

'penetrate through the Si3 A film 8 and the underlying

-SiOz film_3' _ Accordingly, even when the SiBN4 film

8

-



“15

. establishing, for exanple, 75 keV and 2 x 1013 atons/cm The .
ippurity for formng the p -type layer 7 as the channel stopper is

tihq?oduced into the surface of the substrate 1 by the second ion
i mpl.antation. |

operations of thé inpurity ions may be carried out as follows. First, the

S

N

n an al ternative method; t"Me™i npl anting 20

film8 folsewade choparativelynthini escdesedibedh abovegt dhesi st film

The phot or esi st

is to be forned

P58, 2B inbeatiota ates s T rhecptothne 7 1

renai ning phot oggBktrate! M aAdar eak. SihR [ @ik B,/ mis selectively etched
4Rdar"ERK, S|

and renoved. Using the remaining Si?4

filmas an ion inplantatiofbdas8ubséquently, pfteperempwingythens at the

fir

time are

0 the,s

I's selectlive

y- exposed

fhn87and the overlyi ng phot oresi st

ce of the supstrate 1. After

I t -41- i f
rengéing t he phhﬁg#gg?g sFi?ﬁ}mtﬁgn Bﬁs??gﬁggP%Ps1aﬁﬁe§FBBa ed; ati ge
faregoing. The pe@peraturacery’elge Sﬂ@éépétgPiﬁ?gQﬁE%@ as atmpsphdtbh 2

phaotoresi st film 9 again. The p of or esi st

to light and isSdehe8spaiitzogen gas:emaln thet baspar bft theeanndalihg active
region. Using t

N (i 1 BreRERBhP, "l EhPUSTES 10brBiadH 1, BhS sragcenat the
remai ni ng phot osebstrate! M Bsaaflrfa3dd biy! thd aﬁ@a-%ﬁhdi?fhﬁﬂ&ﬁti on mask,

p-type inpurity ions at the secong,tine are inplante
bstrate 14s & result, the p -type region 7a which is extended into

t he

20

15

25

into the surface of

the substrate surface under the SiBNA film 8 is formed.

After the annealing treatment, using the Si3NL film 8
as a mask, BF2 ions at the second time are implanted into

“the whole surface of the substrate 1 under conditions
establishing, for example, 75 keV and 2 x 1013-atoms/cm2.
" The impurity for forming the p ~-type layer 7 as the

- £ilm 3*' is coated with a photoresist film. The

channél'stopper is introduced into the surface of ‘the
substrate 1 by the second ion implantation.
) In an alternative method, the implanting

-operations of the 1mpurity ions may be carried out as

follows.

First, the SiBNL film 8 formed on the 8102

photoresist film on the part in which the p++-type

~ layer 7a is to be formed is removed by exposure and

developing. Using the remaihing photoresist film as
a mask, the Si3NA'film is selectively etched and removed.
Using the remaining Si,N, film 8 and the |

overlying photoresist film_as an ion implantation mask,

p—type impurity ions at the first time are implanted



1 - It should be noted that in the alternative nethod, in
t e frst ion-inplanting operation, that surface of the substrate 1 which
is ™ot to be inplanted with the ions is covered with the stacked [err] filﬁ'l“i
8 .afitd photoresist film In the second ion-inplanting 20

operation, that surface.of the substratgql which is not to be inpl ant ed

with the ions, especially the surface “which.is to be finally made the
channel region of the field-effect hpman%gls S|q1larly covered with the
stacked Si N4 finﬁ98thﬁdsﬁﬁ8?69e§ifs | As a

result, it can be sati sf acmhk.yrg ?ﬁﬁ% il ghdtdrBysdt X 11ed)S thes

undesirably introduced into the surface part Of the substrate 1 to be

finally made t hgubBtpate fegsoannkalled Risclich difecfloregaimg.. (c) After the
second operation of 30

1is  -42- heated at aboﬁ'be['@’i}"gilé?gti thw Is&# I%t X SUb%e‘i o

cont gi ni ng st eaWéth é@otﬁrﬁ %r Ig,/ éénaiqﬁ fiehb %digxfégirg-@ 1o Py a

t hi ckness of), err orned 0 e surface of the substrate
1. 5 : Sﬂeceeleatthelycexppsdtb ‘l:[oer]d]gl'fb land iaﬁ:tdﬁw-md)ﬁmeﬁs on

mask, the surface of the substrate r ed e N4f|| 8 is not
formed with thetPi EEBadR @B ri’sioeg’r? %!ﬁl €49P1 hi s heat
‘treatnment for oxidation, .t I 6‘19:13&131: fj_lm beefs an

i ntroduced in thé substrat Ig%su ??e by tie j}’ft)é]naﬁlﬂrrpl antation in advance is

di ffused into tletchibg maisk, A:heorSil | ilmhe8 pis -sedectingln giched
stretched deep. under the field oxi ilm2 close to the menory el errent
form"ﬁg r egi on. andArsaWeslr- the p -type region 7a is -

: Uaing the remaining photoresisf £ilm 9 and
' 813N film- 8 as an ion implantation mask, p-type impurity
jons at the second time are implanted into the surface
of the substrate 1. - e ' : s
15 It should be noted that in the alternative .
| method, in the first ion-implanting operation; that
surface of the substrate 1 which is not to be implanted
with the ions is covered with the stacked Si3 A film 8
™ and photoresist film. In the second ion-implanting
20 E operation, that surface of the snbstrate-1 which is not
to. be implanted with the ions, especially the surface
which is to be finally made the channel region of the
field-effect element, is similarly covered with the
stacked Si3N#'filmg8 and photoresist film 9.
25 _ .. As a result, it can be satisfactorily avoided -
that the impurity ions are undesirably introduced
into the surface part of the substrate 1 to be finally
made the.channel,region'of.the field-effect element.
(e) After the second operation of

30 - implanting the impurity ions, the substrate 1 is



~

“15 exténded to the active region (under the Si3N4 film8). At the
sane tinme, the p -type region 7 at the concentration as the channel stop
|§~#orned under the field oxide film 2. Since the p-type inpurity which
“is ﬁﬁtroduced by thessecond operati en4d < npl anti ng 20 the impurity
ions is at the ¢dnparatively | ow concentration as descri bed above, the p

“type region 7 hgatdadex abotitCROBOCT ke, FIr \ekaniflie)n-anl badgeear dance with

t he manuf acturing net as stated above, the self- allgnnent bet ween the 25
field Si2 fil matmesphere ponfbaﬂ.m.nge@‘baama i &mtassmlo@mmwe}yaccur ate

d [l - d [l t d I
2di t1on, the ndMER Faeidodde dIITY WA m SRR R8s par
can be wor ked afab% & LMo e:gg-gktaafoﬂ% Wirddc@d 030 the substefaﬁ@aak.

~alignnment need not e consid -43- (d) After the field oxidation,
the S 3N4 fil m Sincegt dinedhdisd cxataa)vebhdoySiI I«ﬁid\m&:taﬁ'hmgqombess whi ch

h d ph d f
e o D 3l of” ik e Suaaa ot e BAARFa, ] B TR o
substrate 1 1< 4aneedng o1 &t mm[grﬂs Mt HleSRANN HheY if1G1A \dhitdeiess

of, e.'g. about 400 [err]| by her mal oxi dation nethod. The whol e surface
of the substrat&ilm 2 a@ seen fmﬁ‘d@m& ﬁ'(é: hot dmedihdts thidat agai n. The

Phe part to be [RGEABYHafnaiLABILaR ot SHTHYER BPEEY, PRTARE or |'at er
may Rg exposed_been introduced in the substrate surface by the ion
implantation in advance is diffused into the substrate.
Accordingly, the p' '-type region 7a is stretched deep .
under the field oxide film 2 close to the memory element
forming region. A part of the p++-type region 7a is
15 . extended to the active region (under the Si,N, f£ilm 8).
. _ At the same time, the p -type region 7 at the '
| _'concentration as the channel stopper is formed under the
field oxide film 2. Since the p-type impurity which
is 1ntroduced by'the second'operation of implanting
20 the impurity ions is at the comparatively low
concentration as described above, the p+-type region 7
is hardly stretched to the active region. '
In accordance with the manufacturing method
as stated above, the self-alignment between the
25 field S10, film 2 and the p*~type region 72 is possible,
and very accurate and small-sized memory cells can be
manufactured at a good yield. In addition, the
ﬁemory portion and the SIBNﬁ film in the peripheral
part can be worked at one stroke, so that.the deviation

RN L0 PRy

30T " of mask alignment need not be considered.
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Usﬁn hhe photoresist filmand the field 15 -~ oxide-film2 as an ion
©bant)ati on- mask, As (arsenic) ions as an n-type inpurity are i mpl ant ed

i o e surface of the substrate 1 under conditions establishing, for . A
exanpl e, 150 keV and 3 x 10 2 atons/cnR. After renoving the photoresist
film the 20 thin [err] filmis-ridroved. The substraté | is heated

at, for exanple, 1000 C in an oxygen atnosphere, thereby to forma gate SiO
film3 bei ng about 500 [err] thick on the exposed surface of the substrate
1. 25 - Ibdéuchfterathewﬁée&dloxdﬁatddngawhawsm h_effect

. transistors of conpar e hi_.gh t.hr eshol es are r re

_ perlpLeraI C|rcﬁifg %f1g¥BFz€§§gﬂPQ Tepeve %gg %Q @§%£¥%ﬁlvely
t hi ck te S f t'h | 2 30

ox:gat?gnebe}or%}éég§$d?%%%?oﬁggg ﬁﬁé%égighéQégB?iﬁyaEgﬂéndergalS

subsequently renoved selecvanéyeésartheheuSﬁ efidm 33f iisheemoved ate 1.
Thereafter, the - conpﬁratlvel t hi.n % e SlO'flIn1cand5 f or med.
.

Af't eP forn1ng t P¥ %a?%tPﬁﬁrqu | #8 W8SBmousn© 70 keV
can be Introducegpohbd sﬁffauhswa%ﬁeswoa%awqu%g«l 5&3@3 Gty e films3

if it 5 S necessary to control the thres ol tage of an
enhancenent nodthina8$ ftﬁilmo(no&eshoun)vhbuénuyawahi@knassnuﬂs eAfg.er

R gggggu hob' B"by theP2hbtmhl' Sxidation matHoal’ "2V N @
, ‘The whole surface of the substrate 1 is
10 - coated with a photoresistffilm again. The photoresist
" £1lm is selectively exposed to light and is developed
so fhat-thefpart\to.be.made the channel region of the
field effectatrahsistor later may be exposed.
_ . ' ' Using the photoresist film and the field = - >
%5 . oxide £ilm 2 as an ion implantation mask. As (arsenic)
P8 ions as an n-type 1mpurity are implanted into the
-5 % " surface of the substrate 1 under conditions establishing,

for example, 150 keV and 3 x 1012 atoms/cmz.
' . - After removing the photoresist f£ilm, the
20 thin S10, film is removed.

The substrate 1'is heated at, for example,
1000°C in an dxygen atmosphere, thereby to form a
gate 510, film 3 being about 5008 thick on the exposed
surface of the substrate 1.

ooy

25 . In such a case where insulated gate field-

| effect transistors of comparatively high threshold
voltages are required in peripheral circuits of, for

__example, the 25;vq1t type, a comparatively thick gate

St §10, film of, e.g. 800 & is formed by the thermal

30 oxidation before the formation of the gate '8102 film,

and it is subsequently removed selectively from the

S surface part of the substrate 1. Thereafter, the

-



*10 3500 [err] is fornmed on the surface of the substrate 1 by the-".
- CVD (Chem cal Vapour Deposition) process in order to formthe floating gak&s
ehectrode of the nmenory transistor, the gate el ectrode of the peripheral

*trafisi stor and the required wiring |ayer. Subsequently, a photoresi st
film9 is fornmed on.the poncrystaIIFné“SP“Iayer'10, and t he photoresi st
" film9 is selectively exposed to |ight and is devel oped. Usi ng the

~remai-ni ng photoresist film9' a_mask he Lycrystal | i layer 10 is
sel ectively etcﬁ%ﬂpfﬁﬁ%iggigdyﬁig §g§ﬁn5#thF33Pe°?¥D}P fbgﬁeﬁ' t her ey

to formthe floating gate k@rel rBemIREDthe! ALY SHOL, FaTmgaberehcdbhgde G

of the peripheral transistor and the necessary wiring (e) After renoving

t he phot or esi st glivem &herBy( pfigsphgruTP keNscanebenpnimoduced: dntee pol y-
25 crystallin i L ayer the,ion | ant atio t - Lhus, (Lhe
pol ycrystal | i ne®8f FY §§rﬁaeb§uﬁgé§et_Qrﬁagbvgkgchgﬁeg;gE gﬁgmc}axg gﬁe

W rigg 'S.tUrneﬂi'Héee%gﬁry'E&pﬁoﬁ%ﬂolstﬁbV%hr%shgwarQ@&%h@%CQf an
.characteristic. Thereafter; the substrate | is heated in an 30

oxi'di zi ng atnosphhancement modeotransisitor tiol m Sgsiredsvalye By ¥W8yut 800

‘thick on the surface of each of the gate el ectrodes FG and G and the wiring
| ayer as illustPht E¥8PRIBequre 7(E). The Si2 filns 5a function as an

internmedi ate 5 inavhald Perhih® the) Fa@@ 1999, sl &F,easurface

subj ected to the above step (e), the second layer of “pol ycrystalline S
| ayer CG bei ng pblybrys&elﬁﬁng]Sihﬂawews1ﬂbh#@dnﬂyat es8o @fs gbout

'SUbnguently’ pBB&Bhﬂr!% E%rhgh“%%P%E% surface of the substrate 1 by
the CVD (Chemical Vapour Deposition)-proceés'in order
to form the floating gate electrode of the memory'transistor,
the gate electrode of the peripheral transistor and the
- - required wiring layer. Subsequently, a photdresist
*»Jfl‘ - film 9' is formed on the pochrystalline.81 layer 10,
&nd'the photoresist £ilm 9' is selectively exposed to |
light and is developed. Using the remaining photoresist
£ilm 9' as a mask, the polycrystalline Si layer 10 is
S ' selectively etched (patterned) as shown in Figure 7(D),
20° thereby to form the floating.gate FG of the memory
transistor, the gate electrode G of the peripheral

“
!

. transistor and the necessary wiring.
(e) After removing the photoresist f£ilm 9°',
P (phoéphorus) ions are implanted into the poly-
25 - crystalline Si layer by the ion implantation method.
| Thus; the polycrystalline Si layer td'be made the gate
électrodes FG and G and the wiring is turned into the

. n=-type and is given a low resistance characteristicf'

. {il.-:.'l'e'.{‘:' .

£t Thereafter, the substrate 1 is heated in an
oxidizing atmosphere so as to form an §i0, £ilm 53




10 into the surface of the second |ayer of polycrystalline Si g
1 a{f#m}'CG as a conductivity type determning inpurity by an appropriate -
: inﬁ1_|ty_dep05|t|on met hod. Thereafter, a photoresist filmis formed on théw
surface of the substrate 1. The mﬁdth of the 15 - {loating gate FG

in the nenory elenent is preferably madg equal to that of the®*control gate
CG -To this end, the photoresist filmis selectively exposed to |light and

S developed so as to determ nejsthe patterns of the control gates and word
lines in the neheipgaabaut2800 x thichoonl the sunfasediofylepchedethef or the

part to be rmde n rr.a hot st filmis |eft

substantial ly \Aﬁ%?ﬁ ggefﬁé°gﬁﬁoéﬁr §n§ a{@e%@ﬁ ¥dripg daver 8 posure and
devel opi ng, usi Y14 S€ratedi ThnEipiseo7¢r)st filmas an etching nask, the

I ayer 25 second | ayer of polycrystalline Si layer is selectlvely

et ched and renoved. Using The S&ﬁglﬁilQSpﬁgyﬁuﬂsﬁabn % amlimﬂarmaﬂiatea
maske the [err] o] e surface of the first |ayer of
pon%rystalllne é#“ﬁgtiﬁgngiaé et ched 30 and renoved.
Subsequent |y, using the se¢ehd bayeheOkubstrate- s&?&h@@/%jeld%@dswo' ayer
CG and the SIQ2 filns 5a as a nagk, the first |ayer of polycrystalline Si

| ayer FGis .etchee abeveesbend(e .Byhehsecondhiggert g poﬂ.yorw:sstaﬂ-lcme

W lh of the scibrteT¥s crCcheRle, bBodkapPoRC R BFC otormad, by ¥R ng

-thg thEOreSI stcnlpi-oeegbotorsﬁbséqﬁehﬂiﬁ i:abapﬁo%st He Iwtrddacel the
Supstrate
10 |

-

into the surface of the second layer of polycrystalline -
Si layer CG as a conductivity type determining impurity
by an appropriate impurity deposition meﬂaod.
' Thereafter, a photoresist film is formed on
.~ the surface of the substrate 1. ' The width of the .
15 .~ 7  floating gate FG in the memory element is preferably _ “Jm
o made equal to that of the control gate CG. To this end,
the photoresist £ilm is selectively exposed to light and
is developed so as to determine the patterns of the
control gates and word lines in the memory array
20 portion. Aooordingly, except for the part to be made
the memory array, the photoresist film is left
substantially whole by the exposure and developing.
 After the exposure and developing, using
the remaining photoresist film aslgnegtching mask, the
25 second layer of polycrystalline Si/&s selectiwely
etched and removed. '
Using the remaining polycrystalline Si layer
_CG as a mask, the SiO2 films 5a on the surface of the

"~ first layer_of polycrystalline Si layer FG_are etched

and removed. Subsequently, using the second layer of



1 anew. 10 ' The photoresist filmforned anew is _
selectlvely exposed to light and it developed in a pattern in which the &
unh%nessary parts of the second | ayer of *olycrystalline Si |ayer as ot
oveflie the gate el ectrodes of the insul ated-gg§e~fiel d-effect transistors
constituting the peripheral circuits are renoved. .The second |ayer of
polycrystalline Si layer is also utilized as. the secbnd gate el ectrodes in

: ked ; h
i reu tso C o el FERY S e fLing 08P vt e S e PSE00 2 fTms 58 98,15 1o
be nade the secqﬂ%ﬁl&e ERIFSE) Hied f@f%@y@ﬁygaémiwesi rmﬁtmsm

Usi ng the photoresi st TilTmas an etchlng mask, the second

pol ycrystal | i ne estcnegeand sremoved. ethatmmlyi@schﬁme $'§r’f—‘bﬂ6€%¢‘
Sub tly, th | h th
ShoseauenlY: | in PR R BATLAL 48 TSI has B R oSl e

is left on the sy fage wedtls of tHe %&&id@@yérr@i’ PolycrystalT@rsgd wth

.the field oxide film2 and the first and -47 - second-layers of
pol ycrystal | i ne I@yemy&Fs, i.e. the surface parts to formthe source and

drain regions of the tran5| fa

sem conductor w ring regi or@f@q\f ngow} &?o‘?gré%.%g %@E‘g}ﬁ t he
conparatively t HHotlc¥edidt |Mim i§%&€i§bd_3>’oﬁntl_@é ChhFfa &8t SO dtise CuBStFde
wash-out nethod.” Subsequently, an [err] film being about 350 [err] thick is

formed on the exb@&Wsurface of the substrate
10 . ~ The photoresist film formed anew is

selectively exposed to light and it developed in a
pattern in which the unnecessary parts of the second
layer of polyérystalline Si layer as overlie the gate
i - electrodes of the 1nsﬁ1ated gate field-effect
"“\}5 - transistors constituting the peripheral circuits are
' removed. '
_ ‘The second layer'of polycrystalline Si layer
is also utilized aa the second gate electrodes in )
_ stacked gate type transistors constituting the peripheral
20 ‘circuits.  Accordingly, the new photbresist film is
also left on parts to be.made the second gate electrodes
of the stacked gate type transistors. |
Using the photoresist film as an etching
mask, the second 1ayer of polycrystalline Si layer isa
25 . - selectively etched and-removed.'

Subsequently, the photoresist film is
removed. At the stage at which the photoresist film
_has been removed, only the comparatively thin 510,
film is left on the surface parts of the substrate 1 not
0 covered with the field oxide film 2 and the first and

ERS oD (W

N TRAR - e
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o} € exposed surfaces of the first and second Iayers of polycrystalline:
yers by thermal oxidation. Subs&quently, using the field oxide film
fand"the polycrystalline Si |layers as an ion 15 I mpl ant ati on mask
phosphorus ions are introduced into theggutface of the substtate 1 so as to
establish, for exanple a depth of 1 [err] and a concentration of [efrr] 2

atons/cm As a rﬁﬂ#‘ ;_%Hé .@Qﬁ | Qg 2 ; egipps of the
transi stors an e sem cond ft)} ﬁﬁ% reg?té%sgjérga¥8rr.?rédi 8 E‘ei surface
of the substratsurifacd pdrwetsiekd o, thé mnoeaand dheinubegions dfl S

heated at a conparatively |ow tenperature of, e.g. 800 C.in, e.qg.
oxi dati on at nos@Herie stors am h'@%b%?@?%rmﬁé tastermi ’ﬁ@efu I m; 5b on

the exposed sur%\#ﬁdg{%%% %ﬂéﬁ%%a g Si layers. The structure so far

obt ai ned i s sho er, using as a mask a photoresi st

filmfor leading out eledt Qmssdmyﬁifﬂefcbmpﬂﬁatbeeﬂﬁ thin SioOgource’
.and drain regions is selectively etched and 48 renoved. After r€noving

the phot or esi stfHi® s Femeyed s A eteotrg Bethed such a8 'ﬁbe ‘@aéh'ﬁEBut
8000 thi gke bs egsdd t
Usi ng[ :r [)]hot olres#}?oflul mas a %eéﬁﬁg%S%?ZI %Eflﬁg ée#’ﬁétsl ve g?ched to

form cont act hdileick Ald eformed vomothid cepbosed csupfadel 6F the(shbﬁtnatar)
1 by the thermal oxidation method. The 510, film is
10 also formed on the exposed surfaces of the first and

1- EE the thermal oxidation nethod. The S'|02 ilmis 10 al so forned

- second layers of polycrystalline 8i layers by thermal
oxidation. o ' .
SubseQuently, using the field oxide film 2
_ and the polycrystalline Si layers as an ion .
gfﬁ?ﬁﬁ . implantation mask, phosphorus ions are introduced into ch?
T the surface of the substrate 1 so as to establish, for
example, a depth of 1 ym and a concentration of 1016
atoms/cmz. - - _ ' -
As a result, the n-type source and drain -
20 regions of the transistors and the semiconductor wiring
regions are formed in the surface of the substrate 1.
| At the next step, if necessary, the
substrate 1 is heated at a comparatively low temperature
of, e.g. 800°¢c Iin, e.g. an oxidation atmosphere, |
25 thereby to form the insulating films 5b on the exposed
surfaces of,the_polycrystalline'31 layers. The
structune so far obtained is shown in Figure 7(F).
' Thereafter;-using as a mask a photoresist
- . film for leading out electrodes, the S10, film on the

30 source and drain regions is selectively etched and



Ts'evaporated on the substrate, and the Al layer is patterned to forma
W ring |ayer. The alum niumwring 10 6 is shown in, for exanp
fiby%e 6(B) and 6(C). In the non-volatile nenory el enent of the above -
construction, the p -4ype region 7a lies #8 contact with the drain region
[err] so that the' pn-junction break-down takes - ‘pl ace under a conparatively

| ow write- down voltage. Accordingly, the wite-down voltage to be applied
to the bit line FieRVeRlinited to a conparatlvely | ow val ue. \When one -
selected bit line, for exanﬂfﬁertf’émg'pin the pRbtobb8EsBleitmli gUpSG2(A)

IS supplied with a wite-down voltage ex%ee ding the drain breakdown yol t age
of the nenory el éplrosphostliicate ngssDoﬁslnfbehngple:ngabout a@QQrg

I t b the b Bl d he, br eakd
eepoctively, | Phithoigesbsequently Fopmed SRS FURERESES oRMESFE e
occurged in thisy . ﬁE%S?leQErfifﬂ 2y &hﬁaéka'ﬁﬂéhPS@rfffﬂon are

injected into the Ioatlng gates of the nenory el efrents, and :
re-write-down ef$elee¢¢melx stesedinto afoymr edntact Boles. ' ' l.n

d ith thi t th
scoorcance LT (NS | Ven A s RSalEIAL: sne pASheSELelCLBRC AE, Phromtntum)
vol tage di ode whi gheyiorbidsote volbabPatylounal tad | 11 cTuplr 05t he

. breakdown vol t age of e drain junction of t he’ menory el ement
The const ant volpwgummﬂetodommmmingslagee.serﬂ'henaﬂ.mimimbuirbme by

t he Lﬂéegrated qér U|Hughgd cin o;eéggﬁéfgy ﬁfgur eé(ﬂﬁt aqg(ésan5|spors

for

In the non—volatile memory element of the
above construction, the p -type region 7a lies in
contact with the drain region hD’ so that the pn-junction
break-down takes place under a comparatively low write-

%" . - down voltage. | | | |
' _ Accordingly, the write-down voltage to be
applied to the bit line must be limited to a comparatively
low value. o
When one selected bit line, for example, the
23?_- bit line B, in Figure 2(A) is supplied with a write-down
. voltage exceeding the drain breakdown voltage of the
memory element, the drain junctions of the plurality of
; memory'elements F12 1256 belonging to the bit line B1
‘undergo the avalanche breakdown respectively. In the
25 case where the avalanche breakdown has occurred in this
'manner, holes generated by the avalanche breakdown are
7indected into the floating gafes of the memory elements,
. and the re-write-down efficiency is substantially
reduced.

R PR

30 '  In accordance with this invention, the write-



uting-a plurality of menory el ements and peripheral circuits. 10
f[e@pstant voltage diode is formed in an appropriate part of the o
per ’gheral portion of the senmiconducfor chip lest the carriers injected o’ -
i nt0 the substrate by the breakdown operation of its junetion should )
~adversely affect the nenory el enents. 439 = _ A const ant

vol tage di ode of an appropriate structure. which can be forme4 on the

sem conduct or substrate together with the nenory elenents can be obtai ned,

as shown in Fi glowss wrltage stp be apphiedntonthei duain, ofhsheomemany

and X (ore) - hmehEiEs Soraa LY LAY, PhaBPaRE" (b RRHC AR GhetRokad 45‘

evaporated al una rgrgakdovt volbtekd sabstantedllyyequalotbathevbirbakiowh
-type sem conductor region 4a as the cathode of the diode through an 25

aperture provi ceet¥ageros the fdrain. junsthenganbhe memoryacdemente wiring

K ise.extended onto a fi el [ 2 cted our ces

of t%e transistors [err]. qué g@“%h%ﬁ% Vﬁﬂgfégrégggg &gAﬁgtkggtpﬁd BE such
as of gold is piEigiebsémfonductor. ﬁﬁbﬁﬂﬁaﬂeobyt bhel ontegputbdceiveud tof

. the sem conduct or - -50- "substrate: The anode el ectrode of the constant

vol tage diode iBredining jtechnolegy tPS@FPBﬁeWBEh the $eAnsdpgaEsoLoregi on
S 6o arPASEIAREAY B bdEety ofMHEnbFS, 8TedBntl B’ O |
f or med S|nultaqggm@h@rulrcifﬁuﬁﬁyrce and draln reglons 481 4S2 and 4 of
the The constant voltage diode is formed in an
appropriate_part of the peripheral portion of the

semioonductor chip lest the carriers injected into the
' substratefby.the breakdown'operation of its Junction
. ‘should adversely affect the memory elements. S S
15 o _ A constant voltage diode of an appropriate structure
' . which can be formed on the ‘semiconductor substrate
together with the memory elements can be obtained,
as shown in Figures 8A and 8B. _
_ ' As shown in the figures, the constant voltage
20 | diode_is construoted of ann -type-semiconductor region
La-and a p+f-type region 7a. An electrode and wiring
K such as an evaporated aluminium layer is held in
hon-rectifying cdptaoﬁ:with the n'-type semiconductor
. region 4a as the cathode of the. diode through an
25 aperture provided in an S10, film 3.  Although not
illustrated, the wiring K is extended onto a field
oxide film 2 and is connected with the sources of the |
transistors: Q51 etc. as shown in Figure 2(B)..
. An electrode BE such as of gold is preferably
30 _' arranged on the ‘lower surface side of. the semiconductor



" non-yol atile menory el.ements. In Figures 8(A) and 8(B), an n+-type regi-gr
10 " - 4b is fornmed in a manner to surround the n+-type region 4a |eg
W arriers injected into the substrate 1 by the operation of the const
-vol\t.age di ode shoul dzexert any adverse effect on the non-volatile nenory
el ements. The carriers injected into=-tBO substrate 1 have difficulty in
spreadi ng outside the n -type region 4b. In the drawing, the n -type region
4b is shown as being naintained at a predeterm ned potential 20 of
the circuit. Sabstratept.regThe abedenglpcéredebpf theecpus®ant the | evel

of the power sourcg. vol V,cc_of Lncyit <. Th 0t qlugetion in the
-non-vol atil e neﬁﬂigaﬁ?eagﬁagaﬁﬁ FﬂgstiggﬁedJﬁXcFP§n88BcFﬁ8d%e ? 25

di ode.ZD are forned by therranBefi®8bhatbtbrngegion. 760ikh&brnéa br eakdown
vol tages of both the junctions equalize fgllowng th€ dispersion of the

manuf act uri ng psdoaettaneouslyswithr her p podypel vegbont 7o AnaFéBurgsvol t age

for .accurately epi.i he_av. ensbr 0 | e
nonFSOIatiIe neﬁ%gy géeﬁgﬁ?.gn& ?228%3575hgﬁﬁi?ﬁthgﬁngﬁ?ﬁﬁ?thg
write-down Circegibs 44 1BesiMpEapiyr €opmelesouil¢anbbOEEF Weth] theetc.
arranged on the hlgh-vthagg side are controlled by the logic circuit which

operates under seureevend| éngin|zeglons 4g,, 45 andr bpoPE, thee write-down
circuit can aLSRORgvéig@iigiﬁgmgpg 2ieﬁe£%§9't ﬁas a | ow power dissipation.

In Figures 8(A) and 8(B), an n+-type region
10~ 4b is formed in a manner to surrbuﬁd the n*-type region
ha lest the carriers injected into the substrate 1 by
the opefatibn.of_the constant voltage diode should

exert any adverse effect on the non-volatile memory
- elements. _ | _
)>{5_ The carriers injected into the substrate 1
Y have diffiéulty in spreading outside the n*-type
region Qg. ' '
' " In the drawing, the n+-type region 4b is
shown as being'maintained at a predetérmined potential
20 of thé circuit. The n+-type region 4b, may preferably'
" be held at the level of the power source voltage Vbc
of the circuit. | |
The p++-n+'junction in the non-volatile
memory element and the pf+-nf junction of the zener
25 diode ZD are formed by thé same manufacturing step, so
?hat the breakdown voltages of both the Junctions
equalize following the dispersion of the’ménufacturing
process. It is fherefbre possible to attain a clamp
| voltage for accurately preventing the avalanche'bréakdown
- 30 ~ in the noh—volétile-memory element. | '



Flgure 9(A) shows a pattern diagramof a nenory array, whilst Figure 9(B)
S O sectional view taken along the line A-A" in Figure 9(A) -
Referring to Figure 9(#0 a field oxide film2 in a

and-solid lines'is formed on the surface of 2 4p_type seni conduct or

substrate 1. 15 word |ine VWerr] to Wnade of

pol ycrystal |l i ne S|I|con.layers are al so extended on the surface of the
substrate | in the lateral direction of the drgwing. Predeterm ned parts of
the word lines WL to W fol# shews énnﬁ'isurgaZZB)of tbeméﬁeudpun circuit

non-vol atil e e r ctively.

Fl oati ng gates go %%%n?y??oﬁﬁéﬁggﬁeghé(%&p}% @-([%%EZ 52| %&?és 7(A) to
7(F) are arrangesramiged énetienki Géleé siaeFaﬁer gofltMblllede byatther n of
25 the floating gate i's in cated t he conbi nation of broken |ines

and obl i que |i nkegtiesetnenit vhgﬁhmaperatQStuadeguthacéovfvpaéaseby te 1

VB R L iype sontientnarey Paf whispotiudetielit 88 hi%e Bl sehhiis

drain regions cﬁndf@sser&em:uﬂcn@e a lowSgow8Pndisgkaphigonicnory el errents
and sem conductor wiring regions are formed. A sem conductor region

[err]which is held betmeehF E@PQU9GAD|ﬁb@wﬁeﬁrPaEﬁérnQdéﬁerN|@ Bs
ext ended - memory array, whilst Figure 9(B) shows a structural
sectional view taken along the line A-A' in Figure 9(4).
10 _ _ Referring to Figure 9(a), a field oxide
 film 2 in a pattern indicated by the combination of
oblique lines ascending rightward and solid lines is
_ formed'on the surface of a n—type semiconductor
" substrate 1. | v}
15 . Wbrd lines WH to Wb made of polycrystalline ‘
' silicon layers are also extended on the surface of the
\ substrate 1 in the lateral direction of the drawing.
Predetermined parts of the word lines W, to W. form

. 1. 5
the control gates of semiconductor non-volatile memory

I"".
f?ﬂ:

20 elements Enl to F 1 F ., toF s and F£3 to F

+2 n2 n+22 n+23’

respectively.
Floating gates as apparent from Figures 6(a)
to 6(C) and Figures 7(A) to 7(F) are arranged under
_ the control gates. In Figure 9(A), the pattern of
25 the floating gate is indicated by the combination of
broken lines and oblique lines descending rightward.
In that surface of the substrate 1 which is
PR . not covered with the field oxide film 2 and the word
o lines hq to WE, n -type semiconductor regions to be
30 ' used as the source and drain regions of the semiconductor



-

"5, in parallel with these word lines W and W2 is used as the A
common source region of the nenory elenents[err]_ to F and F  to F'.

. The<sem conductor region [err] n+21 -~ n2 n+22 constitutes the P
refler ence potentlal Pine as shown ik B2gwe 2(A). 10

The semni conductor substrate | is overlaid with a plurality of conductor

| ayers B to B . which n n+21 are made of, e.g. aluminiumlayers and
whi ch are ext enBea-velakdlecmemozy elementsnand seamidonductor wirdng

conduct or | ayer te lyi nes, respectively. The respective
conduct or Iayergegggﬁ%oﬁﬁgcggﬁmﬁpfh the drai n- regions of the nenory

el ements through : ﬁoatembohehe%orB&«eg%nohﬂem%he ist B%igonductor
|l ayer B n -4 is connected with the drain regrons off the nmenor

elements Fn  Fbetween the wprd ddpest goagﬂ eandnmhdchhdbeexﬁendhd CHn2

O ES L RO BB SAUENRER) 2 ReR U, oE! 13tk oS

el enents. 25 the common sourceBregmﬁnoofetﬁﬁphémokbeel@h%ﬁﬁs“? M $6ET S
is formed froma source reglon 10 the word I'ine Wahd the sem cBAduct or

region Rl, and FhgogwARénF. operr] The Bem&s@nﬂuomprhcegénncquuctor

The Su fchi-néhiféﬂn%ﬁ%*?’é?ﬁ hg”*’???ﬁe#ﬁfs{a??ﬁﬁisi[i L3R1 as' sim *°

. in Figure 2(A)
10 The semiconductor substrate 1 1s overlaid
" with a Plurality of conductor layers Qn ta 3n+21 which
" -are made of, e.g. aluminium layers and which are
extended in the vertical direction in the drawing. These
conductor layers constitute bit lines; respectively.
S ' ' The respective conductor layers are connected
'with the drain regions of the memory elements through
contact holes.
By way of example, the conductor layer B

is connected with the drain regions of the memory

20 elements F at? F n2? F_ n3* F 'l F n5 etc. through the contact
holes CH h4? Cth and CH h3®

In the memory array of Figure 9(A), a plurality
of switching MISFETs-S1-to-85-are formed together with
the plurality of memory elements.

25 o By way of example, the switching MISFET 8,
is formed from a source region 1081’ the word line WH

and the semiconductor region R1, and the switching

MISFET 82 is formed from the semiconductor region R1.
I ~ the word line Wé ‘and a source region 10sz _Further,
30. the switching element 83 is'formed from the source



swilgsu\ng M SFETs, for exanple, [err] and S belonging to one set of word :

| i Negs and Whave their 2 35 ' source regions made common. ~ &
Thg~drains of the switching MSFETs are forned fromthe sem ¢onductor '
regions [err]3 etc. The sources of the 38i&ching M SFETs are connected to

an earth line G\D t hrough contact hol es. The earth line 10 : GN\D

can be fornmed in parallel with the .bit 1ines, and can be nmade of the

| alumnium bR R0 T RS JaraNELlt ! UER. o sRRASLSlAIBy iR oo
lines, and the th line for the SMAtChIng 15 . NlSFETS by the

patterning step ©f the bit_lines. .The sen1conductor regi ons constituting
the switching M.SFETs can 3@ef§W§§€h#PBhHE§FEFﬁec€PFgeﬁﬁ@PﬂGguﬁg Pnd 85 the

pattern of the SRIBAYLAL" Y- odbegbose: ybilio18ABaIW AT, HigeRtiRELA0e

that the 20 S can be“inserted esired parts

of tHe nmenory asauwcéorégbuns mafe coommont he density of integration is not-
~affected. These seni conductor devices can be forned by the sem conductor
manuf acturi ng method descrfBeqddpains of thBe§U1$°h¢RS MESEETsnAyesuch

Switohing M SFISrale £ROATRY bonlienABERLE BEEIUNIOR | OR | SR OgREEVEN!

-the channel | eakage currents as previ ous henéf od € SW t chi nk
M SFETs of thi sTieerbgclarees 8O the switehtngoMIBFEMsde@ewcbhneegedniosanh as

..p “type reglonsarth line GND through contact holes. The earth line
10 - GND can be formed in parallel with the bit lines, and
| can be made of the aluminium wiring layers similar to
the bit linés. - Accordingly, the gateé_of the
switching ﬁISFETs-can be formed by the patterning step
S ~of the ‘word lines, and the earth line for the switching
15 _ MISFEms by the patterning step of the bit 1ines.
~The semiconductor regions constituting the
- switching MISFETs can be formed without affecting the
regulérity of the pattern of the memory array. '
_ Therefore, this embod;ment has the advantage that the
20  switching MISEETs can be inserted in any desired parts
| of the memory array portion. beeover, the density

- 53i on'[err], the word line W and a sem conduct or regi'on- ~~~~3 Ra The

<

of integration is not affected.. |
~ These sémiconductor devices can be formed

“,

by the semiconductor manufacturing method described
25 - before.

' | The reason why such switching MISFETs are
arranged in the memory array portion is to prevent
the channel leakage currents as stated previously.

| Therefore, the switchinkg MISFETs of this embodiment
30 ‘are not provided with regions such as p++-type regions



£ -54- for high speed wite-down which are arranged in the substrate surf _
i n""the channel direction of the nmenmory el ements. The switching M SFETs \
_preventive of the.channel |eakage currents as 5 stat ed above can al so” be
extensively appliedsto EPROVs which_enpl oy nmenory el ements provided with no
p stype region. Attention is drawt 4 our Application No. 82.08696 (Seri al
Ng-~2,099,650) in which 10 there is clained in claim1l an electrically

p{bgr?n?ablf readrthgpnsﬁEéa h@ﬁdeBBQP @@hchﬁa&brikrwﬁgéd|ﬁﬂe; (b) a g

ural | (0] nopnz:volLall lL.e nor el enent. ea “nNavyl sour,ce, raln an

P ont pol - 15 01 oolpgsalberalBIRuY SRCR! 20 EOSCETABNE] RIXREELEE PR comman to

.the first word thaememoryaeiémentswﬁtmherSEEEhﬁagiMgS?Easce, drai n and

gate e'eCtr°des'ré@gnéﬁ%eao§°EB§ecHB Bége&%?ﬁs QPE%QE%%E# 29 - at
p the p urgllty 0

| east one of thé& source €l ectrodes o ] non-vol atile nenory
el enents bePng Ebakedt aBove cpR 3dEPcbeorxtensiysdy pepdaefatot hr ough the

dr ai n-sour ce paE?ROﬂstQﬁiEhréhpib&tﬁEmUE?FEIngBng%&%v@ﬁéﬁth@@ﬁ of the 25
first switch NISFET+be£n8 connected to the first word line. - -55- CLAI Ms.
. no p -type region. _

_ Attention is drawn to our Application
No. 82.08696 (Serial No. 2,099,650) in which
10 there is claimed in claim 1 an electrically
programmable read only memory including:
(a) a first word line;
(b) a plurality of non-volatile memory
~ elements, each having source, drain and control
15 electfodes, the confrol electrodes being connected
in common to the first word line; -
N ' (c) a first switch MISFET having
N source, drain and gate electrodes; and |
(d) a source of reference potential;
- 20 '_.' . at least one of the source electrodes
| of the piurality of non-volatile memory elements
being connected to the source of reference
: pdtential through the drain-source path of the
. first switch MISFET, the gate electrode of the
| 25 first switch MISFET being'cchnected-to the
' first word line.



1. : An electrically programable read only nenory including:- (a) at
one non-vol atile nenory el enent which has a floating gate elrectrode '~
yntrol gate el ectrode; and (b) a pn-junction v
! ' which is simlar to the drain junction of tﬁ"ﬂ'ﬁﬂl""nnmﬁumﬁemry :
el enent, the level of a wite-down voltage to be applfed td tMe dratn of -
the 'non- volatile nmenory el enent being @eH8rm ned on the basis of the
breakdown vol tage of the pn-junction elenent. 2. An el ectrically
programabl e read only nmenory according to Caim1, wherein said
- non-vol atile me | ement includes in a part of its channel region a
sem conduct or r&gron whi ch has the same conductivity type as that of a
senmi conductor stibstrate aninwelebtiisadlyoppogzamebly hingad omly ty
concentration. 3. An el ectrically programable read only nenory
according to C BeBPPY WASLUAAREArd pn-junction el ement is constituted by
sem conduct or regions mhlcg zreageiQ§§%| BpleY nio-Rfd atiMd mEieysly with a
hi gh concentration region and a drain region for constituting said
‘non-vol atil e neghepentewhbth Has a floatAngﬂgaiawalﬁd@rqmmgﬂﬁhﬁbIe r ead
only nenory accordin rther jncluding:- (c) a level-shift
M SFET; and (d)C@Rt gggpg§%%|ggéctrp ’v@PFage generated by the pn-junction
el enent being applied to t gage f Lidd¥: h
the | evel -shi ft -56- M gﬁl):'Ta%hgﬁv\nsl te- ?&ﬁ e&%ﬁ%i#gg (?l;{%al nec?'(afﬂrgom
" which is similar to the drain junction of the non-

volatile memory:element, the level of a.write-down
voltage to be applied to the drain of the non-

volatile memory element being determined on the basis

of the breakdown voitage of the pn-junction element.

2.  An electrically programable read only o~
memory according to Claim 1, wherein said non-volatile
memory element includes in a part of its channel region
a semiconductor region which has the same conductivity
type as that of a semiconductor substrate and which has )
a comparatively high impurity concentration. |

3.' An electrically programable read only
meﬁdry according to Claim 2, wherein said pn-Junction
element is constituted by semiconductor regions |
which are respectively'forned simultaneously with a
high concentration region and a drain region for
constituting said non—volatile memory element.

4, - | An electrically programable read only
memory according to Claim 3, further.includingz-
(c) a level-shift MISFET, and
| (@) an output MISFET, the voltage generated
by the pn-junction element being applied to the gate
electrode of the output MISFET through the level-shift



?thezsouLce el ectrode of the output M SFET. 5. An electrically
progr ammabl e read only nmenory according to CIaiﬁTZ“‘mheFeLn_Lng_%gyel )

s shift M SFET has an enhancenent node, the gate an ctrodes of @
‘level -shi ft M SFET bei ng connected toget her. mm Mg{ im,ﬁal |y
progrannable read only menory according to any one* g 10
cl aj ms wherein said non-volatile menory el ement is a FAMOS. 7
electrlcally programmabl e read only med6ry. according to any one of the
precedi ng clai ms, wherein said pn-junction elenent is a zener diode. 15 8. -
An el ectrical | ngﬁrggﬁmﬁQ' fri£adaghyvBYEREY BeINGILBEaIRE 2hBt Wwherein

said output MS as a stac gate strucfure
T, the source electrode of the output MISFET.

5. An electrlcally programmable read only
~ memory according to Claim 4, wherein the level-
5 shift MISFET has an enhancement mode, the gate
and drain electrodes of the level-shift MISFET
being connected together. |

6. . An electrically programmable read only
memorf according to any one of the preceding '

10 claims wherein said non-volatile memory element
is a FAMOS. ' '

7. An electrically programmable read only
memory according to any one of the preceding claims,
e wherein said pn-junction element is a'zene:'diode.

\j : 15 8. _ An electrically.prbgrammable read only
memory according to Claim 4, wherein said output
MISFET has a stacked gate structure.




