204@%%0 "Electrically Programable Read Only Menory". The present invention
ref-atés to an electrlcally programabl e read only nenory (hereinafter,
abbrevicated to "EPROM'). A known EPROMwith its wite-down efficiency 5
enhanced has been disclosed in the Specification of British Patent
Appl i cati oh~No. 81.19691 (published under Serial No. 2, In the abqy .
di scl osed 'EPROM a non-vol atile nenory el enent thereof has a stru%ﬁrﬂaﬂﬁ‘jﬂ
whi ch includes a 10 . floating gate el ectrode and a control gate

el ectrode overlying the forner gate electrode, and a high inpurity
.concentration region having the same conductivity type as that of a
substrate is fornmed in that peripheral portion of the sem conductor surface
of the non-volatile nmenory 15 - el enent which underlies a gate
insulating filmand which extends ipn 4 gchannel 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

i mpurity concentration region inproves the 20 generation efficiency
of hot el’ectrons, sq'that t he write-down speed i s enhanced. -2 - The
speci fication of theEkREkrigalln Broayanale Repd ILaky demorets not teach a
constructi on which solves other problens in EPROV 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 [ ]
Patent Application No. 81.19691 (published under Serial
No. 2, ). ,
| In the above disclosed EPROM, a non-volatile
memory element thereof has a structure which includes a
10 floating gate'electfode and a control gate electrode |
overlying the former gate electrode, and a high impurity
EOncentration.fegieﬁ ha#ing the same conductivify 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
cuirent 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 enent sho&g?hﬂ
desirably be a greater magnitude 10 in-a range in which a pn-Junction -
does .not substantially preak down. However, in the case where the high
inpu&Lﬁy concentration region is arranged as stated above, the pn-junction
thus forned by the drain of the non-volatile 15 menory el ement and
the high Fnpurity concentration regi on €alises the aval anche breakdown even
at a conparatively |low reverse voltage. In the case where the pn-junction
of the non- volatile nenory el enent has undergone the aval anche 20

breakdown due 1o a wi tngGytedobi G061 GRS LG bVGPELRGRELIREd | Y, ol es

created in the pn-Junction according to the aval anche breakdown are
i nj ect ed i nt cAppiki¢arton adeowevererdoesinot cbeaciysa reenstirection adriah oxi de

nder | yi th | oat i t th ERVS til 2 I t.
Furt hel ore,  SRATRRco RtR e Leng i ERONE and, SRR IRASRLaR  ons v ci
are injected gycufihgCin JEHE ELEOTSE EneV SBribeuRe| 26rhéd PR | €10d | ng

gate, and the rewite-down efficiency deteriorates. Accordingly, the
wr i t®- down vdhiglyeimmserityveorsgentration sregion asnstateddbenesfactorily. -

In an integrated circui a plugality..of _non- volatile r | ements are
arranged in a matrix fcﬁ@hh I} %ﬁ%ﬁ%stQﬁtaﬂﬂl%¥§f¥t$°o¥£§%%-€%$atiIe menory
el enents arraﬂﬂﬁ@é&bﬁ'ﬂ%fﬁ@i&%ﬂ@f%ﬁaﬁ?&@'fﬂtw ahfRostiegegdté, | ine in

common, while the control gates of a plurality of non-volatile nenory

el enent s ar r aageriterdonn swodtage to cbecappliiedi ta a nengvelabile|ine in
common. I n acgordance dhify SHS0uPs " SOSPIENy 80% "Peater magnitude

10 in a raﬁge in which a phyjunction does not substantially
| bréak down. - -

However, in the case where the high ihpurity
concentration region is arranged as stated above, the'
pnéjunction thus formed by the drain of the non-volatile
15 ~ memory element and the high impurity qoncentration region

causes the avalanche bréakdown even at a comparatively low
reverse voltage. )
In the case where the pn-junction of the non-
volatile memory element has undergone the avalanche
20 breakdown due to a write-down voitage controlled
unsatisfactorily, holes created in the pn-Jjunction according
to the avalanche breakdown are injected into the interface
between a silicon substrate and silicon dioxide
undeflying the floating gate of the non~-volatile memory
25 element. Furthermore, we_have'foﬁnd as a result of
investigations, electrons 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.



iyen bit line. In order to wite down an information into one )

n-vol atile nmenory elenment, a wite-down voltage is supplied to one bi.t-
line (selected bit line) with which the non-volatile nenory el ement s\
coupl ed, _and a word 15 line signal at a selection level is supplied -
to one word line (selected word Iir@)3 Jhe high level of the wite-down =
voltage is a conparatively high voltage, and raises the potential of the
floating gate to an unnegligible level through the 20 parasitic

capaci tance between the drajn and floatjng gate of_the non-volatile nenory
el ement. As a result,IQ:r'P&hri’é'\‘tqﬁﬂ(t%r?’eﬁg ¥ A R Bo RS AT ed

non-vol ati | r -mpt St | pct ' I The
number of r?gon-vo: a%/infge el en%l%s { o§2§_ 'Mgig%é‘goﬁglign%%%*one it line
i ncreases iTherdyiris @r tep glurality o mén+velatibe \memgey i élements
Accordingly, the | eaka currents jncrease wth the jiyagrease of the menory

capacity. STRARASREL ,Sqne e ¢oPIet it A single Riteen
I nereased, | nt‘l,,t’@gé eaﬁg Oe I SPALT r
cgisurrpt [ onﬂu}geduﬁ/%%&’ en t _es_? ea %%]é %?J?ér)sen?gdﬁa?/jéﬁfancr asoe%l

excessi vel ynorm-woliatiwemory eileméntd drramged imethel samedrowrnamel atil e
menory el ement decreages ‘accordi ngly, Accordingly, ‘the current driving
ability of GPuple ngthtﬁ;QQ%ﬁlé%%&niin?nég SHRanced  This

I nevi tably necessitat s A Srith t 1 nt |

constitute the wi te-r(??)vﬁbcﬁ rcult. %?Iﬁi%gﬁ%&?%\%?’f |€%%§12-

conpar at i vetglepide Imembry telemsnt ahs ysehected uthrough ny giverrwirds

10 line and a given bit line.

@éti le menory el enent is selected through a given word 10 line and-
0

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

15 " 1line signal at a selection level is supplied to one word
line (selected word line). o
| 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 draig'and floating gate
of the non-volatile memory element. |

As a result, channel leak currerits flow to the
nonssélected non-volatile memory élements 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
leakagé currents increase with the inérease'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.



10 of the non-volatile nmenory elenents, but also the variation ofgﬁﬁb L
apegating tenperature. Accordingly, a wite-down circuit appropri atel L
designed is reqU|red Upl ess the appropriate wite-down circuit is _
desi d, the yield®of products will |ower. 15 It has al so
been knomn,Lhat the | eakage currents are educed by connecting the sources
of a$lurality of non-volatile nenory elenents to earth through a single.

cconmon resistor as disclosed in German O f enl egungsschrift -3,037,315. 20

W have found that one ¢jsadvantgge, of the kno non- vol atile nenory
el enents is that -since %h@nnﬁﬁﬁ' &ﬁ qHﬁ?q Q@?Qﬂ%WQ§%ﬁ§e§epend upon

the resistanceyessied WMl FADwd le%glved in

the | eakage currents in éccor nce W t f uct uatlons in the
manuf act ur i ng sedecded aon-veliatider aembdry redienent decreasels: aiccondiniglyct

fth t i tion t id EPROM t t al
Teakage current (o 8 vehy ORMRRIT Fhe Funr el AriADe GoH I B008
curr gtct | S nofrvesidanm @ineudit! Hristd U enhanced,! | Uahia 'i?x!éiri't'&btﬂe

manu uring factors of an integrated circuit. According to the pfesent
i nventi on t henecessitatedednainenease da Ibthepsigenndbled emeadsonbyicirenor y
I ncl udi ng: 10 dline; (b) a plurality of

f fir r
non-vol atile ﬁ@ﬁﬁﬁ&tgﬁgngﬁfhwmég%ﬁd% ﬁg'éﬁﬁr e, drain and contro
el ectrodes, the control paleeigakag®e @@fﬁ;daynrgaégagﬁé<aymgy}d%g¢gyyfirst

vord Tine; greatly due to, not only the manufacturing dispersions

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 circuit is designed,

the yield of products will lower.

:g _ It has also been known that the leakage currents
afe reduced by connecting the sources of a plurality of
~zon~volatile memory eleménts 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 curnents depend upon the resiStance of the

commdn nesistor, great dispersions are involved in the

leakage currents in accordance with fluctuations in the
25 'manufactnning factors of the integrated circuit.




- -

-\ g (c) a first switch M SFET having source, drain and gate

fkctrodes; and (d) a source of reference potential; at |east one of the
durce el ectrodes of the plurality of non-volatile nenpry el enents being.
connected 20 to the source of reference potentiar t hrough the draf
source path of the first switch M SFET, the gate el ectrode of the first
swi tch ‘M SFET being connected to the &iLst word line. In one preferred _
form the control gate 25 “electrodes of a plurality of non-volatile
menory el enments are connected to a first word line, the sources of the

plurality of non-vol agi neno el enents are connect ed earth through

t he drain-source pap§£o#gaa§iﬂégscng-c%ﬁﬁgPﬁF§FE¥ &HVSB H,tﬂnq the gate
- el ectrode pioti@esaht EPROM wRich canMr-eRGEel $ts0RBeatClehRaghe first word

l'i ne. 6 In another preferred form the control gate electrodes of a

plurality eBrnent\teati veryeasallevakuet andr éncwhieht tHet todalirst word

line, the ectr S_Q further plyrality of non-volatile
mermory 5 fQQﬁ£8%|§§%§?§£a§§_§§§nggﬁg§ap§139§gcgg eﬁﬁ?é'PYne, the sources
o6 the foyntuctmmty@ﬁetihetnenméﬂufheﬂaﬁkﬁgafdc§89§eo?fahhﬁnkgg£§£ed
non-vol atile nmenpry el enents are connected to earth through t .

'drain-sourﬁ%riﬂéﬁ-of a first switching MSFET and that of a second
v toni ng M SFeT i < Asseeatds B Bhe PrefRboriveRkionctRerhclgaic
el ectrode pfovided cawnel svtiidally Mp¥dprdnta I Npea&doh Py Bemspyond word
line. In t{ﬁe éégégged forns Qescrlbed above, - in
10 | | (a) a first word line; |
(b) a piurality of nonsvoiatile memory elements,
each having source, drain_and'control electrodes; the
control electrodes being connected in common to fhe first _
word line; o | -
15 (¢) a first switch MISFET having source, drain
and gate electrodes; and
(d) a source of referenee.potentiels
at least one of the source electrodes of the
plurality of non-volatile memory elements being connected
20 to the source of reference pofential thfeugh the drain-
| source path of the first switch MISFET, fhe_gate
electrode of the,fifst switch MISFET being connected
to the first word line. |
| In one preferred form, the control gate
25 electrodes of a pluralit& of non-volatile memory elements
are' connected to a first word line, the sources of the
plurality of non-volatile memory elements are connected
to earth through the drain-source path of a single switching
MISFET in common, and the gate electrode of the switching
30 MISFET is connected to the first word line.



15 the case where a word line driving signal at a non- sel ectlon@j_
l evel is applied to one word |line, the switching M SFET whose gate is T
conn cted to this word {ine becomes non-conductive, so that |eakage current”
is ibibited fromflowing to the switching MSFET. 20 In an
- EPROM of wvesy | arge nenory capacity (foréexarrpl e, 64 kilobits), the |ast
ment isoned preferred formis the nost favourable fromboth the viewpoints of -
the integration density and the | eakage current reduction. -7- The

present invention wll no descri eat er det ai | of "exanpl e
with reference to the é’r(f%e 35 rélmF HL#’E%OV\B a '
bl ock di agr argi%fctrodedf Qiﬂ%dp'iurality off Qfdﬁ-aafolfatili%qwm Wmeti® and
2(B) show a circuit diagramof essential portians of the EP shown in

Figure 1; Fi ane connesteds to acfilrsd mn]dm% e e aniptalf igatenhi ch i s

included in t res are circuit

di agr anms shoﬁ%&% 390% M&& t?lélfra&j\ﬁyt cha‘lra&ﬁi %We 6(A)
shows a pl an elicaiéritls areo0totRleditiede HEE B 8e I WErd Vi ige tHPodeds N the
EPROM Figure 6(B) shows a view of one section in 15 Figure 6(A)

taken al ong tofe thehndormer nemstviolgdid ec memosto el enentsy agfd dihmgecofsect i on
LnoFr Qure o 353l 908 IR AUSS Bdhorst iRt And RptRb O POoe
EPROM shown ip Fdagitihe through the drain-source path of a first

switching MISFET and that of a second switchihg MISFET

10 in common, the gate electrode of the first switching
. MISFET is connected to the first word line, and the gate
electrode of the second switching MISFET is connected
to the second word line.

_ In the preferred forms described above, in
15 the case where a word line driving signal at a non- .
selection level is applied to one word line, the switching
" MISFET whose gate is connectéd to this word line becomes
non-conductive, so that leakage current is inhibited
from flowing to the switching MISFET. |
20 In an EPROM of very large memory capacity
(for example, 64 kilobits), the last mentioned
preferfed form is the most favourable from both the
viewpoints of the integration density and the leakage
current reduction.



'_re 8(A) shows a structureal sectional view of a zener diode of the
QAL e-down circuit in the EPROM while Figure 8(B) shows a plan view

correspondi ng 25 to Figure 8(A); and Figure 9¢(A) shows a plan view
of a non- volatile nenory array which includes swtching M'SFETs, whil e\ d
"Figure 9B) shows a view of one sect+opn 4+n.30 - Figure 9(A). - 8- .

Referring first to Figure 1, the part enclosed with a dotted line ICis ,
formed within a single silicon chip by the nethod of manufacturing a '
seni conduct or i nt egr at effhg reeesen® invention beills now be desarivvedvhi ch

nmet hod i ncl s wel l-kno sgm.conduct o manufacturi.ng techni ques. The |
EPROM hi’iS i g;ﬁ{ %ﬁ%al%ﬁ*%r@% 1§ uﬂf? H’%@Hr@@%l@ [err] to
[err], input R ddtdnpary _ad&ﬁ&p@gi aghavdfhcontrol signals PGV CE and

OE, 10 _ I nput/ out put termnals 1/0 to 1707, ‘a first power source
term nal which is suppl iRigure H sshowera silode dddgram 6f a gireferyed 5

VOh15, B SECPPUPTRORg o NI W o T supol ed it a reference
S Lo, PR 6 11 Eemuter 00 ) o et gygelie o
write-down ofef Es@entiiadn)portinns ¢ SERROM sshaivrb )i (Rfgurendl i he
respective termnals w tﬂéttl@e apPLoRLd al ecizx(')cuit diagr\-/aonll topes soernssei gnals.
amplifier which is included in the EPROM;
10 Figures 4 énd 5 are circuit diagrams showing
modified embodiments of a.wfite-down circuit;
| Figure 6(A) shows a plan view of a non-volatile
memory element which is included in the EPROM;
Figure 6(B) shows a.view of one section in
15 Figure 6(A) taken along the line B-B!, and - o
Figure 6(C) shows a view of another section
in Figure G(A) taken along the line A-AT;
Figures 7(A) to 7(F) are process sectional
. " views for explaining the méthod of manufacfuring the
20 EPROM shown in Figure 1; |
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
25 to Figure S(A)j and _ L
Figure 9(A) shows a plan view of a non-.
volatile memory ‘array which includes switching |
MISFETs, while
RN : Figure 9(B) shows a view of one section in
30 Figure 9(A).




-

The EPROM i ncl udes nenory array circuits [err] to [err] (hereinafter é;i2>

witten as [err] to J[err]) divided into eight groups. Each of the [er
to [err] circuits is furnished with a nenory capacity of 25 8192
bits,dymereby t he EPRONIhas a total nenory capacity of about 64 kil obits.

One- menory.-array circuit is constructeg of 256 word lines, 32 bit Iines,
256 x-32 nenory cells, and switching elenents for reducing | eakage currents -

30 as will be described |ater. - 9 - An X-address buffer circuit
ADBl (hereinafter witten aefbernhg repends Fmghbe ¢xt ¢heabhy-tsuppl i ed
address signals A - A of 8 bits at, _e. (Transi stor_Transi stor

Logic) levels, SRolpsedi wishaaddedsed lin%'IC isgharmeds wAthineal evel and a
fl | | a5, 2 t | B
eootving the afapeLs BEEasPal chipPBE' LS YelHOa BRORARLEBLELNE B Y

X- DEC (her ei naf tsemiubhatemoﬁsmiie@Eﬁt)zdf ocipeudtr ol beeddsecribedsi gnal s
[err] tof[err] to the word_Lines of the [err] to [err]

circblts Only &ﬁ@eﬁf“PﬁﬁhmBFBhPﬁnénBFPQPﬁgW§;§n5F§WPeﬁPPiPSEQBcﬁgr
corresponds_to ?Qg§gg O%eP%n?H Gegddress signals A to 12 is brought
eve

to a selection e others are brought to a non-sel ection
| evel. such 15 as. eamhb EPROM! hals. iBputupiminglshehXchEGrei rcuit

with the power sour e volta err] the wite-down voltage Vpp,and a
control signal §EPP a“é& tﬁgﬂrE§Fc§?8n€éﬁT botﬂexdgsc FBHE terminage

sel ection |evel wﬁic*\hﬁrléDEQpbﬂ‘édZQith cont?b1V i gnah 8NBGM, 5_@ afia! BES!
whi ch i s substant
10 input/output terminals I/O to I/0 oy & first power
source terminal which is supplied with a power source
voltage Vbc of, e.g., 5 volts, a second power source
terminal which is supplied with a reference voltage
GND such as earth potential, and a write-down power
-1 source terminal which is supplied with a write-down
voltage VP?
during a programing operation (that is, during the
write-down of information), The EPROM is operated by

supplying the respective terminals with the appropriate -

that is made a value of, e.g. 25 volts

20 voltages or signals.
| The EPROM includes memory array circuits

'MARO to MAR7 (hereinafter written as 'MAR, to MAR7 )
divided into eight groups. Each of the MARo to MAR7
circuits is furnished with a memory capacity of
25 8192 bits, whereby the EPROM has a.total memory
| capecity of about 64 kilobits. |
One memory array circuit is constructed
of 256 word lines, 32 bit lines, 256 x 32 memory cells,
- . " and switching elements fbr_reducing leakage currents
30 as will be described later. '



“emeal to the power source voltage Vcc during a read-out operation of
i Jg pbrmation and a l-evel which is substantially equal to the voltage Vpp
Ing a wite-down operation of information. 25 i ) .
Y-address buffer circuit [e€rr] (hereinafter witten as [erT]) responds\l#
the externally fed address.signals [erB]=- [err] of 5 bits at, e.g. the TTL
| evel s{ and provi des address signals of the true | evel and the false |evel

[err] to [err]. 30 - An X-address bufiferaddrend tsiaDByl {heeetihafteperr]
lines of edach of the nenory

are - 10 - % ed for'seleg ing the 32 hit

array circubri %@Pr?stoAP@ﬁri.r?§E°EﬁRCWPi§h&rﬁ§ﬁ§€83§8ytﬁHPp@ﬁédbit l i nes
of the resp | rpay _Ciar Cuj [ [er o are

sel ect ed bygggkéﬁﬁngaﬁé§%§cﬁﬁcui QZCg&S?oSEE% gﬁd %égg-igh/ijte-domm
circuits [e(Traheiktor| TransdstorgLpgis)oigvelds,adddeprovideal adieess, a0

tg a4, a4,, those Lerr] tg err]'are'supgTi d to_a first Y~secoder circuit
[@8rr] (hereBh8RBE RFi &t golevel and,;a flasp) leygd Bge anﬁPnPags signal s
[err] and [FTT] : ' ' : ~degqder circuit Y-DEC2
(hereinafter1RﬁF??éﬁeggv%gpfF?BQB%Bngéﬁggﬁg gﬁggggdress signals [err] to .
[err],the [err] circuitByoresehwﬁngimhesaﬂdrbbsnsiggaabsa%grag tto [err] to
besupplied to the=eolum sgitcg circuiti [ighggtg [err]. | y“one of the
bit |ine sefgpriByssi BRaKSAPEPAPT Glrepit r \BeF8AAaLEeTOoNELIESRBI nati on
of the addrgssrgL I : ~RER i - . S egt | evel , _
wher eas 20 a8 'i.ﬁgFf§tEgig%hgggha?ghgrgagﬁgﬂgggékﬁgﬁ?sghegkigg55evel such
atOearth  to be fed to the word lines of_the'MARo-to MAR7 circuits.

' Only.cné of the word line driving signals Wy

to Wé56 as c@rrespbnds'to'one combination Qf the address

signals Ay to A, is brought to a selection level, whereas

~ all the others are brought to a non-selection level such
15 as earth potential, o - : ';Q
By .supplying the X-DEC circuit with the ‘power

source voltage Vbc, the write-down voltage and a

v
control signal We from a control circuit CONg?to be
described later, the se1ection levei of the word line

20 . driving signal.is at a level which is.substantially

| equal to the power source voltage VCC during a read-out
operation of information and a level which is substantially
gqpal to the voltage VPP during a write-down operation
of information.

25 | A_Ybaddress_bujfer c;réuit ADB, (hereinafter
written as"ADBZ') responds to the externally fed
adﬁress signals AO - Ah_of'S bits_at, e.g. the TTL levels,
and provides address signals of the true level and the
false level a_, Z; to a,, EZ. | |

0 a, a_ a,
30, | The address signals ays 2, to a,, a, are



and the contr ol

potential. By supplying the [err] circuit with the voltages [err] and [err]:;

sel ection | eve

signal We simlar to those of the X-DEC circuit, the i
of the bit line selection signal is at a level which is 25 7

subs tlaIIy equal‘ to the power source voltage V during the read-out
operation of information and a | evel whhpgh- s substantially equal to the
vol tage Vpp during the wite-down operatlon of information. By receiving
t he address signa

forms sel ectionY §%§ &err%91LgEik§ %Pg s% erre%4 fa@ackgﬁgrtgﬁc Clrcuyt

sel ection S|gnahgmngrhrygy[ea&buwhgcmNﬁ& to one conbi nation of
t he address signals and S brought o a selfection | ve% %
substantial ly equal_to theTbswEP enged e thiyke 4% 14RESot her s

are brought to

circuit is supp

By way of 10

%FQ% h%% égﬁy (o} gﬁggrggyE?%%?Fﬁgkgont I C|rcY;EEgONT

are sel¥aitRded b@l@m s tohy Retlr o ties ohiCgy, aede iread-

during the selection of the chip and a Io IeveI uring e non-sel ection

of the chip.

DN&/@?ﬁ@GPd@MnngW$P§tH Fo< Lo/ My -ar e provi ded fromthe
Y-DEC circuit are O

ld .at the

non-sel ection | evel durlngffﬁgrd%nﬁlﬁén?mfgg the addrﬁ%iﬂﬁi |?$e§pect|ve
of the levels of?tltg (ag ma&ﬂ} mwum]iileda:l@o‘ae bi t
circuits [

sel ection S|gnal , the

10

smntch rr to Jerr rei nafter
first Y;decoder circuit Y;DEC Jeina er]wﬁg¥%

as 'Y-DEC, '), and the remaining signals a5 a3 and a,,

ah are supplied to a second Y-decoder circuit Y’--DEC2
(hereinafter written as 'Y-DEC, .

By receiving the address signals a5 ao to
2y, a., the Y-DEC, circuit forms bit line selection

1

signals BS, to'Bsefto.be supplied to the column switch

" circuits CS., to CS

20 ..

(0] 7
- Only one of the bit line selection signals
B_S1 to BS8 as corresponds to one combination of the

address signals AO to AZ

all&fhe others are brought to a non-selection level such as eart
potential.
. By supplying the Y’-DEC1 circuit with the

is broughi to a selection level, wheres

- voltages V -and A and the control signal We similar

cC PP

" to those of the X-DEC circuit, the selection level of

25

the bit line selection signal is at a level which is
substantially equal to the power source voltage vCC
during the read-out operation of information and a
level which is substantially equal to the voltage VPP
during the write—-down operation of information.

- By recelving the address signﬁls a3, ;; and

ad,.zz, the Y-DEC2 circuit forms selection signals



"i_tten as '[err]-[err])select the bit lines of the 20

.r':,,n_espondi_ng [err]-[err] circuits in nunbers of four at the sane tine.
THat is, four of the 32 bit lines [err] to B32 of, for, exanple, the [err]
circuit are coupled with conmon bit lines [err] to [err] through the calJdmm

switch circuit CS. 25 _ . = 41 By way of exanple, the signals to-

" be switched by the colum switch circuits [err] to [err] are at a high 4
| evel which | %ub antially equal to the power source voltage V or at a
| ow | evel whi Os bstantially equal to earth potential during the

read-out operation 30 oOnly orff dfMftMdid1¥btiVH dialE K attd Kl gh | evel
which is - 12 - substantially equal to the voltage Vpp 0 or a |l ow

| evel which whisibscamesyidnds: dimlone combyinghitamtafithrirdddresae wite- down
operation of information. To the end of .cqupling.the bit JJines to be 5

sel ected and sl"'l@% and 04_& H&QWQW K &\/oﬁgqjﬁgc#%&_e‘f sel ection
lL.gvel of the Ristante al2edduiil St e piwed stirce!RRJIRigd or t he col um
switch circuits CSO to I's at the level substantially e ual®G’o during

t he writ e- dowhesnsasaialdn Wre iothenmiane hrought to a nafessglentfambove. The
sets of co n_bi.t lines, each.set jncluding the four lines, are

respecti ve%&f& (?(’fc?% q%eeaﬁ%-%ﬁ% _ ‘-_dpwn circuits [err] to [err]
(hereinafter witten as guy nj_]jggée&?j_rﬂéﬁiﬁsis |4 TdEdvith tdaeddtrge. Each

of the [err] to [err(!_g circuits i constructed of four unit
read- out / wr i fnom stheéhiegntrol circuit CONT. By way of

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

K, t.o'K3 which are provided from the Y-DEC, circuit are

held at the non-selection level during the chip non-
15 selection irrespective of the levels of the address o/

signaj.s A3 and Ah' .

By receiving the above bit selection signals,
the column switch circuits CS;, to CS, (hereinafter -

written as 'CS, - cs7') select the bit lines of the

20 corresponding MAR, - MAR, circuits in numbers of four at
the same time, - That is, four of the 32 bit lines B‘l

to 332 of, for example, the MARohcirGUit are coupled with
common bit lines CB, to CB3-through the column switch
circuit CSO' S

25 . By way of example, the signals to be switched
by the column switch circuits CSo'to CS? are at a high
level which is substantially equal to the power source _
voltage V. 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



correspond to the four conmon bit IMnes [err] - [err] one to one. ‘agﬁﬂ
| nput/aut put termnals of the four unit 20 read-out/wite-down o,

circ s in the respective [err] to RRW circuits are connected in conmon
to tRé/connDn_inputfoutput.terninals [err]. to [err]. Each unit
read-out/wite-down circuit is selectell B¥ one of the selection signal s
[err]-.to [err] 25 deIivered fronlthe Y- DEC CIrCUIt When it is

selected, 2 the corres | | a ut
Corm nal are SUSUPATAFIA) 190 SGRET. TeacteLt o P ER Vap A o any anvel’t
i s operated by /p3choWsy Mﬁﬁt&%ﬁi@g@q\ﬁal &lﬂbdeta&ﬂ:lﬁ%otential \Quiriagdown
vol tage - Vpp supplied during the wite-down operation of information,

Each unit read- dine/ wriitte-dowm opesaitionmaofi dafeymadiions node specified by

control signals W, W, CS CS provi I J Gl 5
A read-out node is specifi é@ gzyli‘et ﬁgl ﬁ%l%g&&q?%&?\eh§%%i %Is g.':égtr?gl S
[err]s and V&.  deledchRd edd e mdﬁ:,onabaitgaa.lne@wmm @f lioke violttageonon
bit lines is supplied to the conmon |nput/ou ut ternlnal t hrough the unit

read- out circui tosssedhed selecidonylevel of tildng selectigsm is, the

comon i nput/ out d or.

cell selected bf%@ﬁ% %%Ra%gc%@h’&q%% -%er ;:actl?élt‘ﬁ{r1 EQ& c@e%&%q%de
s speci fied by dgie 6d @5 Q\sela'wftﬁehe.e&@lt Substarnaliy sybalhed o] evel
-of 15 t heQcontrol” signal CS. In the wite-down node, t he

unit read- out/ wdurdngovinec| &1&%@b§ﬁﬁ§§ﬁMQQ1°f information as
10 . described above.

The sets of common bit lines, each set
including the four lines, are respectively coupled to
the read-out/write~down circuits R/Wb to R/W% (hereinafter
| _ written as 'R/Wb to R/W%') as illustrated in the figure.
N\ Each of the R/W, to R/W, circuits is
constructed of four unit read-out/write-down circuits which
correspond to the four common bit lings CBO - C33 one
to one. . _
Input/output terminals of the four unit
20 | read-out/write-down circuits in the reépective R/Wb 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

o 3

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

the corresponding common bit line and the common

input/output terminal'are substantially coupled.
Each unit'read-out/write-ddwn circuit is

. operated by the power source voltage V and the

CcC
30 write-down voltage V__ supplied during the write-down

PP



&gg: signals froma circuit (not shown) through the common input/output
t®mnals, only one selected by the Y-DEC circuit is brought into its

operative status. 20 Accordingly, one of the four conmon bit |ines
is at substantially earth potential=of3am appropriate wite-down vol tagegy
| evel in response to the data signal to be witten down. - The renaining

t hree conmon pj Lhes a substantially earth potential |evel 25
because the c%#éﬁétg iﬂguﬁ?f° 2Rt/ write-down circuits areﬁnot

sel ected. In a chip non KO PP PR8E- ot PP £LECELEA é $ g

[err] which are prOV|dedE?éon1tﬁ2 Y- DEC2 CIFCUI? are e_0 no i%%ectlon
| evel as descopération mode spécified Ghecehtrel signihs Wé;tWe

t are brought |nto
[ﬁgﬁr0?%22@?é%?gqagf%fﬁgi&%%cﬂﬁﬁég I . &9#?%% Gbﬁgai re@T. i s constructed

sosthat its input/outputptsddlGre ﬁg&blfs5spec%f%% %#et$% g state in

the chi p non-sel ecti on node. The control circul itten as
'CONT') for nelevels o rere mmommammatadduwsx he muw ng Table 1,

1o "0 S Aotk Woady F T o ore (0 w%@%b«?p&”ﬁrféiﬁ'vg?,agt =
the predeter ﬂlﬁﬁﬂs | {6y ehippid e 190 Hﬁ?&' common ifﬂt?ﬂ)’&ﬂﬁ@? terminaP V
25V PGV 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-DEC 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. TIn 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 terminals, only one selected by
_ the YQDECZ_circuit is brought into iis operative status. _
20 Accordingly, one of the four common bit lines is at
'substantially-earth potential or an eppropriate
write-down voltege 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
' c1rcuits are not selected. _ |
'In a chip non-selection mode, the selection
signals Ko to K3 which are provided from the Y—DEC
circuit are made the non-selection level as described
30 "~ above. Therefore, all the unit read-out/write-down



L L w H L Using these control signals, the ¢§y
sel ection 20 of the wite-down/read-out operations (in other words=?
the control of various pperation nodes such as read-out under a

high{x@ltage application state) is executed. Figures 2(A) and 2(B) show

¢

detail'ed circuit diagranms of the EPROM,ghown in Figure 1. 25
The [.err] circuit includes 256 x 32 non- volatile nenory elenents [err] -
[err] which are arranged - 15 - in 32 rows and 256 colums. Whilst its

structure will Re, ek /4 2kl ROW. | AL8" brofght Adity dhelirmeABpEratevent
I's constructed gﬁrguakgcglﬁblggtFZg7gate.Avalgﬁbhe I nj ection Ncg 5
transi stor) whi gtaltas.a fl oati ng gate el ectrode and a control gate

el ectrode. Anobngst the nenpry. el engnts 2 ry el rranged in the

same col um have their cont®GP &8 'QnggFéggggeéﬂn8§¥§§&%n§gonnDn to the

corr espondi ng ;gonstrugtgangookhhheiwgrqnbhﬁg%dwkut ter@indle apeoin array
e

circuit [err] is provi wth reference potential lines R to R each of
whicls 1 128 ther fispddng stabeo iof thiee chdpd nonmselegdid ons med@-wor d | i nes

[err] and [err] and those [err nd.[err]. us, . u
el ectrodes of the 32 menor !&%@%F?lbgﬁsk&iﬁbEﬁﬁ#ﬁﬁﬁ%@ﬁ%ﬁﬁ?ﬁi%ﬁgPhose of
the 32 menory elgymapoNTI9! 20gNa0 the CRAtIVY AN WRdjad dinddceited in
first-mentioned colunm are connected i.n cormon to one reference potenti al
line. Switching theSEFEIdowing Tabler 1], Wiyt ctecedying an external
' program control signal PGM, chip enable signal CE
10 - and output enable signal OE and the write-down voltage
Vpp at the predetermined level:

Table 1

Read Program
5V 25 vV

<

15

1EXGIE

1@ | e m
|

=
o

Using these cdntrol signals, the'selection
20 of the write-down/read-out operations (in other words,
the control of various operation modes such as read-out
under a high-voltage application stafe) is executed.
‘ Figures 2(A) and 2(B) show detailed
circuit diagrams of the EPROM shown in Figure 1.
| | The MARb circuit 1nc1udes 256 x 32 non-

25 . _
volatile memory elements F11 - 325632 which are arranged



e respectively arranged hetween the reference potential lines [err] to
rr] and earth potential. The drain el ectrodes of 256 nmenory el ements
arranged in the same row are connected in comon to the 25
corresponding one of the bit lines Bl- q95[err]. The bit |ines Bl -[err] -
are divided into four groups by the colum switch circuits [err]. Sw tching
M SFETs are arranged between the respective bit |ines and the conmon bit
| i ne. More speB2fiows| gnd3256 colummsitching M SFETs [err] which are

are rospectively arr angcWibbBtebks RETBEEGF il LLcPp) FURERERCCLERIERSH: 1

line [err]. 1§f b meeéﬂ" 1ﬁ&1ﬂ §Fﬁlﬁoie~gr bleheht! 18 construckearbs -[err]

and [err] -[er orecit ones are respectlvely arranged
between the batFAMOSs(Froatifg gatB Avahlenghe inBectﬁon B8 common bit

B O ol hrbagldabe) Insoncigs' & Mok i RaRacaisbgrbag ashopdl ;L
.selectionlevg ontfgf %Qgé E1£ﬁ£f3&§ [err], [err], [err]. and B25 are

si mul t aneousl y cou e common b|t lines [err],[err], [err] and
[err] respectively. The Amongatbthel nemeryeeilpmentier B2 memoryupl ed with

th d-out/wite- t h F B
oad: out/ wr | {ELCRERRSCRTERPES kb Hhe eBRe; FALEER BRVE TRPLE. AORATERr cui i
[err] and a r?e ate Oblebtrsdbl ESﬁnEctEHeiﬂﬁbbﬂmGBM@oCtﬁéubbriééﬁbnaQﬁBr'Ses

four unit wi down circuits J[err] to [err]corresponding to

10 . one of the word -lines WH - 256’3

The memory array circuit MARO is provided

1 to R128 each of which

corresponds to two of the word lines such as the word

€$§= controlled "on" and "off" by the signals fed to the word |ines
e

with reference potential lines R

lines WH and Wé and those WS and WL Thus, the source
15 electrodes of the 32 memory elements belonging to one
column and those of the 32 memory elements belonging
to the next column adjoining the first-mentioned column
‘are conhected in common to one reference potential line. )
_ Switching MISFETs S1 to 8256 which are
20 controlled "on" and "off" by the signals fed to the

word lines are respectively arranged hetween the

6
B3

Jaﬁﬁg reference potential lines R1 to R128 and earth potential.

The drain electrodes of 256 memory elements
_ arranged in the same'row are connected in common to the
25 corresponding one of the bit lines B1 - 332.
The bit lines B1 - 32 are divided into
four groups by the column switch circuits CS .
Switching MISFETs are arranged between the respective
"bit lines and the comnon;bit line. - More specifically,

30 _ switching MISFETs.Q11 -'018 which are controlled by the



e
..

20 the common bit |ines [érr] to [err]. one to one, and a single 'lgga

I nput circuit W The input circuit W conprises 05 M SFETs

The M SFETs and Q9 which have straight lines drawn between their
sourcey and drains are of the depletion node and the other M SFETs 25 _
are. of the.enhancenent node. The out put f romnal of the input circuit [err]
(i.e., the drain of the M SFET [err]) delTvers a S|gnal which is equal to

t he | ogi cal prod et wee Qver si gnal |te down dat a
si gnal supp||ed5%g9°€ ion SIkQF qh% %d¥ 1e? ?H&tlﬁﬁ9and t he

wr it e- down Joar R N bobGEers PENe f 4 ng
write-down contro? Sl gna fiW% g?he&ﬁ?gﬁ ev%lbf?hef?%%G§1C|rdﬁlt ?err]
provi des a si gnthe a¢omntbmvbi'evhinsvmh is 055 . .substantially equal

to earth potential or at h | eve i .C an |aIIy equal to the
power source vol t age [err?Lﬂk% %%%Drﬁﬁﬁgghgﬁ th#€§#§g 21eve@2@r | ow | eve
of the data siggal s the §OMMPiint NRHt €5 O PAFoL

v%en the wite- gh u@ﬁﬁ éﬁd gﬁ é S|gnal Vbcls at t ngW/ eve%é)lt

provi des the sugma]respe¢mivemvl&mnangbdchetweenbthahbitjlynQQUaé +0B £g5th
potenti al |rreZBect| of t at a ﬁlgnald lied t Q@ ff

| nput / out put t ePqfnal "2 ﬁ%zynlt yal?% %??%ﬂ?t 1 %%?u%%$ an 15
out put M SFET [eﬁr]aﬂ@0@3 ﬂraJNb¢§r&9ﬂgrg;edhéﬁ éhe §81@%ﬁﬂénV@@ gna®d
whose source is cénnecteddto the common line [err], a |evel Shlftlng

M SFET [err] whfee examples BS, formed by the Y-DEC, circuit is brought
10 to the selection level, the four bit lires B1, B.,
and 325 are simultaneously coupled with the common

bit lines CBO,_CB1, C_B2 and CB3 respectively.

The common bit lines CBb to CB3 are coupled

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

circuit Wb and a read-out circuit Ro.

The write-down circuit Wb comprises four

unit write-down circuits Wb1 to th corresponding to

P17

20 - the common bit lines CBO to CB3 one to one, and a single
input circuit Wbs. The input circuit w 05
MISFETs Qg2 t°_Q70-. The MISFETs Q65 and Q69 which
have straight lines drawn between their sources and
drains are of the depletion mode and the other MISFETs
25 | are of the enhancement mode.

The output terminal of the input circuit Wb5
(i.e., the drain of the MISFET 070) delivers a signal
which is equal to the logical product between the

. inverted signal of the write-down data signal supplied

comprises

30 “to a common input/output terminal I/0 and the wrife—down



whose source is connected to a zener diode ZD, 20 . and a M SFET

ich serves to supply a bias current to the level shifting MSFET [err].
e unit vvrlte dovvn circuit W1 further includes & M SFET [err] for
~controlling "on" and "off" the output M SFET b2 M SFETs '[err] and [ew
constituting 25 a logic gate CII‘CUIt for controlling "on" and "off"
the MSFET [err] and a |oad M SFET [erT] 17 The gate el ectrode of the M SFET
[err] is supplied with the selection signal [err] delivered fromthe Y-DEC

circuit, whilcantriod @1@1@ Me.r ode of the 2 30 - M SFET [err] is
supplied with a signal |vered f om I nput cj rCU|t W5. The
out put M SFET [err] §tst? W%M%F Whge with a
sufficient My gidRad .tté)a'%w M fﬂ? ?&,31 ol ts supplied
to the 5 te%ﬁina 3%% In gener qa{he dln reakdown vol t age of

a MSFET is |dimcndd Proviides agrsigna;. iat ;admtlmlaswhm vdisdt h of a
d Ietlonlay |nt ai n ntlon imted b field
sﬁ)engt h appl allﬂ.g dai %o g‘@&ﬁ@&e o & %/\éﬁgmﬁtﬁ?ﬁl The
output M SFEM%H is Isﬁﬂét%rﬂ&ii@iqyp allo/ tire igbvdie dRireef a stacked

gate structure. The first gate €l ectrode thereof is connected to the gate
el ectrode ancodtaige éﬂc@tim@qurdmewmmm tlevedecand.ayat e

el ectrode cl ?Leverlo tih ethdr %arl: s%.'g%na]:[ hs?.lrpe(lzi.eds to the common input/-
output terminal I/O. Whe_n the write-down control
10 signal_' We is at the low level, it provides the signal
at the low level which is substantially equal to earth
potential irrespective of the data signal supplied to
the common input/output terminal I/O.
The unit write-down circuit Wo,‘
15 output MISFET 052 whose drain is connected to the terminal \J |
: VPP and whose source is connected to the common bit
» @ level shifting MISFET Q51. whose gate and

line CBO
drain are connected to the gate of the output MISFET 052 -

includes an

and whose source is connected to a zener diode ZD,
20 and a MISFET 050' which serves to supply a bias current
to the level shifting MISFET Q

51°
The unit write-down circuit W

01 further
includes a MISFET Q. for controlling "on" and "off"
the output MISFET QSZ’ MISFETS 072 and Q73 constituting

25 a logic gate circuit for controlling "on" and "off" the

| MISFET Q745 and a load MISFET Q. ‘
The gate electrode of the MISFET Q72 is

supplied with the selection signal Ko delivered from

the .Y"_-DEC2 circuit, whilst the gate electrode of the

30  MISFE? Qs is supplied with a signal delivered from the

-



connected to the terminal Vpp. If necessary, the output M SFET Q2 is in ,629
. the formof the so-called ring gate structure in which the drain region is
- surrounded with the gate el ectrode. 20 ' | f necessary, a
chanket region underlying the first gafg £l ectrode of the output M SFET
[err] is inplemented in the depletion node with the view to appropriately

I ncreasing the WWIte down voltage level to be supplied to the conmon bit

| i ne. A channg %é egi on underlying the second gate electrode is
i npl emrent ed |n ﬁ%ﬁﬁﬂﬁﬁwlombde The channel region of the depletion
mode can be formed by the oW igTNISFEP 0] MKES 0 hdwe 1Y In
this case, the quantity of an inpurity 3 be i nplante nto t he
channel regi on breakdown volitage dﬂitth e mﬁﬁtckenmmmmmiﬁtmﬁspgct han
in the case of ,emp diff t echnol_o dingly, a
t hr eshol d voltétgoe%ﬂicé%g Véﬁ'&é? ﬁ folts *’g’afi%“g%/de o“&t@of t he
outmt 5 ternMinaER[err] is set at a value which is shifted an
accurate predeterm ned va#fie fromthe threshold voltages of the M SFETs
etc. The biasing M SFET [ &if |genenalso the dreim hmmmmlgmg giff uct ure

| M_SF . Each M SFET
mnd Lerry MRS S Mmtted, qdfpRresderly. BHrktn 1, Reegartion |
However, in thagadire wislth tde MdFpieicd f]]ay%id[ﬁ{ r’dh@&di@':@ﬁﬁf@i% In

the stacked gate structure as described 15 Above hey can
conpar ati vel y svnflagen 18 Admited by a field strength applied from the
10 .- gate electrode as is well known.

The output MISFET 052 is therefore preferably
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 Q51, and the second

N gate electrode close to- the drain region thereof is
connected to. the termlnal VPP _
If necessary, the output MISFET Q52 is in

the form of the so-called ring gate structure in which
' the drain region is surrounded with the gate electrode.
20 f K If necessary, a channel region underlying
- the first gate electrode of the output MISFET 052 i
implemented in the depletion mode with the view to
'_appropriately increasing the write-down voltage level
. to be supplied to the comnon bit line. A channel
25 - region underlying the second gate electrode is
implemented in the enhancement mode.
~ The channel region of the depletion mode
can. be formed by the known impurity ion implantation
_ - technology. In this case, the quantity of an impurity
30 - - to be implanted into the channel region can'be



Jbreakdown voltage of the zener diode ZD is set at a value substantially
gat, to the drain Junction breakdown voltages of the non-volatile nenory
- efenents and is allowed to have a dispersion 20 . Substantially equa
to that of the drain Junction breakdown voltages of the non-volatile news#ry
el ements: To this end, the well-known1Beature in the integrated circuit
produci ng technology that a plurality of elenents sinultaneously fornmed -
exhibit 25 "' conparatively small relative dispersions._in -

charact eri st i d¢termdpedoate @ muchs hijghemacsunasy s dibdde 368 at er
descri ption, ' gi SQL, TiQred .pde ZD are
formed si mul tggg&??‘%%%gmi%%%%oﬁ;%{%ﬁgpﬁé&%lm g 30 t he
‘non-vol atile nmermory el enpricordingls]- altvhrieistoldivclagy whiclzdeer di ode
ZD is supplied fromthe termnal V. through the M SFETs Q and [err]. The.

| evel shiftingetesminedepy, the Lirgtgate, epofrode of theputpuly t age

sulstantially i |,d i rOVJ taeen its drain
and source. No%t#%ai g%ﬁ??ﬁggggﬁ%é@o%é%ﬁa&éﬁel w dth, L:
channel | engt aecafrattize pile@efermined valueB ftomtthd thresholdtvol bdgesof the
M SFET Q 10 hﬁ{r! I s _hel d. Thus, the level shift anmount [err] is
eval uat ed fr okt e ﬁgcggu&FPcn where VthD denotes the threshold

| tage of the MSFET 0 Aeras E 4 f th
\l\/ﬂOSFE'gI'e{ grr] : € ThR"B1Y s 1ngl #EFET tdgo H@ 1P P nfbd/ P a0€ © €

the stacked gate structure in similar manner to the

10 . MISFET Q. |

' Each.gf the MISFETs Q52 and Qg can be
replaced with two MISFETs connected in series.

N _waever, in the case where the MISFETs Q52 5

“TEa implemented in the stacked gate structure as described

and Q o &re
.above, they can be made comparatively small in size. o/
The breakdown voltage of the zener diode ZD |
is set at a value substantially equal to the drain
- Junction breakdown voltages of the non-volatile memory
 elements and is allowed to have a dispersion
20 - gubstantially equal to that of the drain junction
breakdown voltages of the non-volatile memory elements.
To this end, the well-known feature in the
integrated circuit producing technology that a
- _ plurality of elemenfs simﬁlténeéusly formed exhibit
':255”; comparatively small relative dispersions in
characteristics is exploited. As will be better
understood from later description, semiconductor
regions for forming the zener diode ZD are fdrmed'
: simuitaneously with semiconductor regions for forming
.30 ' the non-volatile memory elements. |



[err]... (1) 15 The unit wite-down circuit [err], t ~-
input circuit [err] and the associated circuits as shown in Figure 2(B)

operate as follows. Durjng the wite-down operation of - information,
the teyminal Vpp i’ supplied with a high 20 _ vol tage Vpp such as
+25 volts, ~and the gate el ectrodes of the MOSPETs [err], [err] and[err] of

the i.nput circuit W5 are supplied with the wite-down control signal W at

a level which is substantially uaI to t r_source ¥Molia . cc 25
If, at this tine, the sel e% ﬁéﬂn[eé’rr{r et SEPH r‘%‘rﬂ‘i%gi(\i%c

circuit is at t Vel r‘ﬂfirf'ﬂl t\he h’!}ﬁ:kbd ethes MISFETY &
equal to the volrgt%l err"‘]q‘r&ntzF}l!(?(:e SEET [err]PRu [l beﬁgt/hereby br ough?9 nt o
the "on" state. i Q | f ‘the data si gnal supplied to the

21 - L?[1/ |
SO vl "B 2% S A0 R 15011 Wi, 1
wil | girov' de thea{w*a 'vedieéag% @i?dsta%i\mw M F ks thredddide

br ou into the tate. Since the MSFEs [err] and [err]
whi ch are conneozoactageslfmm\d:ded:dmmreesntil'lgs raightandisounee  on”

circuiiry 1o applied to thd defing A Bagtd i adre AHSH® (o)
As a result, thew Yrahddt? v}i%l'lﬁf Oliﬁhtcﬂdﬁﬁh]t "erigf) o ofife MISFET Q.
‘ ' ‘and B denote the size ratio w/L of the MISFET 051,

10 B<A is held. Thus, the level shift amount V1 is
evaluated from the following equation where vthD denotes
the threshold voltage of the MISFET Q50 and vth.E denotes

__ the threshold voltage of the MISFET Q51 s

15 The unit write-down circuit Wy,, the input
. Circuit w and the associated circuits as shown in

05
Figure 2(B) operate as follows.

During the write-down operation of
information, the terminal pr'is supplied with a high
20 voltage V. PP such as +25 volts, and the gate electrodes
| of the MISFETs Qg,, QG? and Qgg Of the input circuit Wbs
“are supplied with the write-down control signal We at
-iﬁfk%ﬁi - a level which is substantially equal to the power

source voltage V

cc’
25 . If, at this time, the selection signal Ko
. déliver_ed from the Y-DEC, circuit is at the selection

2
level or at the high level substantially equal to the
" voltage VCC’ the MISFET 072 will be thereby brought
into the "on" state.

30 _ If the data signal supplied to the common



Thggturn-off of the M SFET results in supplying the gate el ectrode of
th§E SFET 62 with a voltage which is substantially equal to the sum 15
[err] + [err]. between the zener voltage [err] of the,zener diode ZD and

the threshold voltage [err] of the M @REF Q The output M SFET [err] whQge

t hreshold voltage is denoted by V- : -maintains its "on" state until the
potential of |tsH§? e el ectrode |s/|ncreased to 20 (VZ + VthE)
VthD that isiPR Putstpﬁ@ﬁéaeea ©o f§oﬂoﬁeﬁdm§Mim dnert shawn)hdészener

vol tage [er] e % a ff ce V th t hD
Accordi ngly, ?ﬁek&g ?ghdgggbgblgggeggPQh grﬁ Hﬁﬁg?Fhﬁqelﬁ e&B&I to the
zener vol t ageihput] ciscu2s- w ¥y wimmp r@@iﬁeoﬁhbhﬁi 1@9e§|§i§hgie of the
out put I\/ISFEThgerr;ﬁ;,:B to t heQPommo line[err] he wite- *vol t age

supplied to t ntBPtMISEET[@y?]Wiélfbe bvovshtoﬁntbethet"bnﬂes Bl to
B8gt hrough thgegebumm switch circur® CS0. 30 In the case
gre the menory el enent to be 22 - selected is the elenent [err], the
wr.ite-down voltage is susmhcedthe MMngmg baneahgr . whiBn!thp8 case, t he
word line drivin {g [err] is brought t 2t he seV8ction | evel
subst anti al | y©& He596 14:Tsi 2 °°§9urnenX1EEbroughM|inta the

memory ol ene “@*"’C**“e*evg"'ﬁtégg B rtbEaTi pidal; B peblh L gea”

menory el ement [err] ant the swtchring
bet ween the sputenttachNDdefothehcsraﬁﬂtry Qgeapﬁligadtgafﬁg gagebrought
|n t he ' ﬁita es As a resﬂkﬁ the write-down current is

lied to tfEeqEnRde of cHhet L As a result the
MISFET 074 is brought into the Noffm state.
The turn-off of the MISFET Q74 results in
_ supplying the gate electrode of the MISFET Qz, with a

R ' 52
L, ~voltage which 1s substantially equal to the sum

15 ' v, + thE between the zener voltage v, of the zener
diode.ZD and the threshold voltage V thE of the MISFET 051
The output MISFET Q52 whose threshold voltage is
- denoted by VihD maintains its "on" state until the
L potential of its source electrode is increased to
20 5;“?: (Vé + VihE)'- thD’ thet'is,'until-it is increased to
a potential higher than the zener voltage Vé'by'the
.threshold voltage difference thE - vthD’
Aecordingly, the write~down voltage of a
. value approximately-eﬁual to the zener voltage Vz is
supplied from the source electrode of the output

MISFET Q;, to the common bit line CBO

The write-down voltage supplied to the

common bit line CBO is fed to one of the bit lines
o B1 to 38 through the column switch circuit CSO.
30 - In the case where the memory element to be

’ L25,.



its val.ue which is lower than the selection level (for exanple, the |lev

of 5 volts which is substantially equal to the voltage [err]) 15

the word |ine drivifg signal [err] delivered fromthe X-DEC circuit duri

t he-read-out operation of information, int@piis val ue which is higher than
t he sel ectionh |evel durlng the read-out. Voltage drops which develop in
such a manner 20 “"that the wite-down current flows through the ON

i st bet d f the M SEFET M SFET
nglr]S al’lICﬁ tﬁemc%htﬁﬁ&%i\nof e ane&ﬁn{ T[%r%ﬁ aﬁ?% "frs{%c‘go‘%&l s‘#?ﬁf%r?‘st he
common bit |ine, sk SQUMGE GHE Rt TERSIBNSE Ofn tp 9 UARE, MR 25

etc., are substantially cancelled by the threshol d vol t age Wifference V
-V betveen thnedHVIng aignal dﬁf {s;rb:]'oughrl: t#0 sthensselegtifon dewek he

gﬂugg'ﬁa—?}t | :Irlr]y s?ﬂgﬁﬁ%ﬁéﬁ%ﬁ&l dent ?C;g‘%ué%qés%bﬂ b & ngq?}Feircuit.

respegtive M SFETs Q = and (iing) d@&gshéﬂeé@éétpéﬁ leeilwtwé lvegyed | N
val ues substantially equal to each ot her. Accordingly, the threshold

vol t age diff er erlsing éiniving .signal W,, i thegremonptelenent \F.of fand dthey t he

absolute 5 t | t

t hreshol d vol tagse %@#fé Dﬁes%t%/m%}:&ig g%%‘g %" % ﬁ{ o%hq% %ge

of the threshol deMedtrasite Gf tﬁms)tﬁmrwl&ﬂe:ﬁeréﬂd e&'ﬂetaf:rénumhémthe

I mpurity quantltfl I ntroduced into the channel ‘%.Oﬂ the ion

i mpl ant ati on nto the "on" states. As a result, the write~down

10 . ourrent is supplied to the memory element F,,.
' Thus, the threshold voltage of the memory

element F,, is changed from its value which is lower
than the selection level (for example, the level of

5 volts which is substantially equal to the voltage V )

Thus, the threshold voltage of the nenory elenent [err] is changed frozn@

15 of the word line driving signal W1 delivered from the
X-DEC circuit during the read-out operation of
i information, into its value which is higher than the

selection level during the read-out.
=l | 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 011 in the column switch circuit CS
a resistance existing on the common bit line, the
; source output resistanee of the output MISFET Q52,
25 etc., are substantially cancelled by the threshold

v.olt.age difference vthE . vthD between the MISFETs
| 051 and 052.

In this case, by for_ming the MISFETs Qg4

0!

| and
52 on an identical semiconductor substrate
- 30 - substantially simultaneously, the threshold voltages



0 ) téchnology as stated before, the threshold voltage difference

rr] -~ lerr] can be determ ned conparatively accurately. Accordingly,

e voltage drops devel opi ng across the resistance conponents can be ;

ti-sfactorily 15 cancel | ed irégspective of the di%persions of \(Je
t hr eshetd.vol t ages of the M SFETs. Theféfore, ‘the bit |ines can be supplied

with the wite-down voltage in a value being very close to the zener -
vol tage [ef Mlog ¥nd NFedhdlets ¥ MESFEIL' QESPEAA! 4, Bndergo d +&€on
characteri sti%fgés%ozfesl ons %ﬁ% c sar acterPbtic flDt uat?_r(;%s O%Q%%e ons
i nt egrated ciamdii fluctuatbomerimovaiues hsubstahtiatly equak topedckd with

J Unct | o' br oRERRe vl ASRREGITELE, rEhe vbhaehBlgsvoTteed Sk eroier et s |
The urite- dow Vo4 aBS D48 ot PRubstahesalty DapresBea By Sthé | £bET1uYe

rai sed, with t¢hEresuthDthat as Icient quantity o ormation charges
ar® injected values haf fthatdbsperstons ahd fiuctyatiemsnef tile threshold

The out put M SEET [err shown in_ Fj gur - - .24 - gan be aljered
into the_enhéﬂ@ﬁh%%?sﬁ%ﬁéthe %%%Be?gl?ﬁiéléég%?°theséf??egﬁsmﬁQV%? age at a
conpar ati vel YOﬂ%ﬂfé’eéf%b'ﬁhfélﬂ%l&dvél’tégéffftﬁén@uﬁ’ﬂ‘&f‘g to the zener

voltage V delivered Tromthe zener diode ZD. ~1Tn this case,
however, not MISEET ?—égmrde)term ¢dcbyttde impunityequambityl tage is
O.

WSET @ 1 SRS PR ThE SRpRREL cReRLs, BEothfiaron Lap1aHtEtlon

10 ' technology as stated before, the threshold voltage
difference thE = Vewp cén be determined comparatively
accurately. '

Accordingly, the voltage drops developing
across the resistance componentS'cah be satisfactorily
15 cancelled irrespective of the dispersions of the U
threshold voltages of the MISFETs.
Therefore, the bit lines can be supplied with
. the wtite—down voltage in a value being very close to
the zener voltage Vé of the zener diode ZD irrespective
20 of the characteristic dispersions and characteristic
fluctuations of fhe integrated 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-junctidnﬂbreakd0wn voltage of the non-volatile
25 _ | memory elements. - |
| The'writeQdown voltage to be supplied to
the bit line is sufficiently raised, with the result
that a sufficient quantity of information charges are
- injected into the floating gate of the memory element.

3075 The output MISFET Q;, shown in Figure 2(B)



of the nenory el enent decrease. In the circuit of Figure 2(A), in th
where the bit line Jerr]has been supplied’with the wite- down volta
st at &d/ above, the potentials of the flo&img gates of the nenory el enents’F
to'F are 21 2561 raised to levels which are not negligible

t hrough the parasitic cgpacitances tweep the respective floating gates
and the respect C#2 bPaPi eres c&@génpﬁ@eﬂﬁ medgown "WERad® has t he

conparatively | 4€. +AS i : Lt i rl] to
[err] are 20 this Eg%?ftgﬁé Sﬁg%ﬁgﬁﬁggkgg?é gﬁghgr% g%g¥%§§§I§?%§{o F2561
wi || be subst angoaldl Levedughn bet subpdiedn‘tostthieebiitn lipet ewdhgt ke the

-sel ection |evel of 1jge_driving sigpal t .
Between L he. SoUFEGeRnYONERRR 3 ARdLaRe EsmiBeEreher oot RD-" on
statg the 25 In thisWohs®,lRlhetdrCRotes itigPbectakdn B2 tRLCEERE MDY

el enrent F11, and hence, a voltage appears. he nenory el enment has its
sour.ce el ect r oddhetpphecwriiterdown shoditageolisagemeihalte lowered dg M SFET

e D 00 2 bR FEk hatoTR A Hik e, RS0 L 0
Source ol ectrodes BT Nazo0s Ep LAt e R e S T e ¢
‘in the "of f" st#&hesipfozmedionechargessi fe Bei ingectedndnto] ¢he] floating
10 gate of the memory element decrease.
In the circuit of Figure 2(A), in the case
where the bit liné B1 has been supplied with the write—
down voltage as stated above, the potentials of the
_ floating gates of the memory elements F, to F2561

5 raised to levels which are not negligible through the

parasitic capacitances between the respective floating

e .

52 the information charges to be injected into the floating 10 gggggte“
S

are

... gates and the respective drain electrodes because the
- write~down voltage has the comparatively large value.
% As a result, if the switching MISFETs S, to S

1 "256 8T
20 -1 omitted, the non-selected memory elements F., to F

s 21 2561
: will be substantially brought into the "on" states in
spife of the non-selection level of the word line
driving signals Wé to wéSS' Between the source and
drain of the switching MISFET S1 in the "on" state, the
. 25 write—down current is supplied to the selected memory
element F11, and hence, a voltage appears. The memory
element F21 has its source electrode supplied with the
drain voltage of the switching MISFET S1, so that it
s . gives rise to a comparatively small leakage current -
305 ~ or that it is substantially maintained in the "off" state.

(R PV BEARA- |
o e rv—— i *y Lo
Plighae AN

A

|-



3 to W56 are at the non-selection |evel. Accordingly,

thstandl ng that the menor y elenents F to F . are substantially
brought into the 31 256 "on" states as described above, the channel -~
| eakage current can be substantially perfectly prevented f fom 10 ;
flowing between the bit [ine [errlang earth. In the case where the channel -
|l eakage currents are supplied to the respective nenory elenents [err] tox

[err} due to the om ssion of the switching MSFETs [err] to [err]' a
substantial |eakage curremn $Higvemboiinent, the'smhmummsisé{
channel currents are small. In contrast, the | eakage current_can

reduced to a % |aélna}1§ﬁﬂglh§$“fﬁ@ dlsisaurcaieleqtrodes of R above
descri bed ci r?n?rl t . trpces Iieak e urr et éq}lr.ﬁp 411%)\%44{)4 he 20
e ex

the nenory ar re re ficey 31 t saﬂﬁsta y negligi ent, the.

magri t ude of t'*ﬁiwrsrtaﬁesirbedaiisé rtﬂaawwammmﬁmngcﬁgﬂﬂs ced.
In other words, the sizes of the output, MSFET Jerr etc. 52 can -be nmde

sndl | . In ad® o ane af jthe neprsalecdhionsteve to be provi ded from.

the wite-down circuit c ﬁﬁ-d r}gi.\;‘rcﬁg& ‘%1%61: and
fluctuation of the | e_akaggz cur rg#ﬁ:w’an the desi gnd(;? crrcurt r%s wel |
as the el enentelegrens Efﬁ cidg t ark Gubs el tially areugereinto nthidie -

C

production yield can be

hi ev - 26 - Instead of arran angthe
reference pot denistaties andesquikadahoyendhe channrk ]a%§$ & gure

2(A). current can be substantially perfectly prevenﬁted from

| 1 |
In the case where the channel leakage

_currents are supplied to the respective memory elements

10 ‘flowing between the bit line B, and earth.

F31 to F256 due to the omission of the switching

- MISFETs S1 f.o 8256

15 when the respective channel currents are. small. In

y @ substantial 1eakage current flows even
-
contrast, .the'leakage current can be reduced to a
substantially negligible magnitude with the use of the
above ‘described circuit._'

K -Since the leakage currents which flow through..
20 -. the memory arrays are reduced to the substantially |
negligible extent, the magnitude of the current

driving the write-down circuit can be reduced. In
~other words, the sizes ofithe output MISFET 052 etc. -
can be made small. In addition, the write-down current
25 " to be provided from the write-down circuit can be set
without considering the dispersion and'fluctuation of
the leakage current, and the design of the circuitry
as well as the eiements-can be facilitated.
' Accordingly, an enhancement in the production yield

L35 % | "Cen be achieved.



- be .connected to earth through a 5 - comron resi stance. In th

case, a voltage is fornpd across the common resistance by a wite-down
curreny to be supplYed to one sel ected menory el enent. The vol t age
devel opi ng~across the common resi st anee2bs=-supplied to the sources of the
non-sel ected nenory el enents. The 10 non-sel ected nenory el ements
have their source potentials raised, and are thereby brought into the_"off"
st ates. Even with this ndastead pfecasrangingcther refgrgneecnprientialan e

prevented as di s¢losed in [ ' n upgasschel Q. +30 . ver
in this case, tignF8|§8ﬁFﬁ§%P§§?n§L§? %ggnoggg.ﬂah%% g%dé? F§§§%§V§K$Wﬁhe
| eakage current ghien sbla@ceanoge hegnael'armmyr yfemefiorys elehentssbellangtngal ue
of the common resistor needs to be rade conparatively '

t. A
conparati vel y | #ogeneobiigdineopaysbgegenpgeyedoto ear re%@?@§§htﬁe comon
I st f th ' ' by t st.e- hi t
o aPso. suppl i oG oRBop, S¥s1REaERsL" | 26 $heRUHRML 8 'voTtage 15 sortRY' A0C

Accordi ngly, .t hacwoisise tiieweommbhe pestktaheenbyoay witidesdiowno cherenttetbed i s
reduced, and the wite-down efficiency of information is

25 .
decreased. The @i suppided trcrneaselnshed mepogy: elementean Ber SPAERERN a

structure which, ' ff LGl I 0 esJ als e o rg¢pnal y,
the efficiency §R9RABpiNg BExBRs ¥ne gg%\%ﬂ%%?‘?%ﬁgén&%msyppg&%g 8
sel ected i s not thebgouitices bf the nen-zelekdedwmenoryy elemen$=:Ts. The t he
circuit shown in Figure 2(%?, I n the_case where th% common i nput/ out put
terni'®al .1/ 0O i snon-selected memory elements have their source

potentials raised, and are thereby brought into the "off"

states. Even with this measure, the occurrence of

the sources of a plurality of~nenDry el ements belonging to one bit Iine !rgi;,

leakage currents can be prevented as disclosed in

o German Offenlegungsschrift No. 30.37315.

\dﬂ%} | : B However, in this case, the following fact

E must be noted. In order'to prevent the leakage

currents in the non-selected memory 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-down current. This voltage is also supplied
to the source:of the mgmory element to be selected.
Accordingly, the write-down current of the memory'
élément to be selected.;s'feduced,-and the write-down

25 efficiency of informatidn is decreased. ' '
- The switching MISFETs as shown in Figure 2(A)
can be formed in a structure which has a sufficiently
low'ONeresistance'vaIue, :Acgofdingly, the efficiency

 -of.the information write-down into the memory to be
. 30 seiected is not substaﬁtially limited by the switching



(| of the input circuit [err] (the drain output of the M SFET[err])

3 _'ought to the low | evel substantially equal to earjh potential, and the
M SFET [err] is brought into the "o&f27state. In accordan€e with the "Qf
state of ‘the 10 M SFET [err], the MSFET 4 is brought into.the
“on" state. Thgsgatrg.el ectrode of the MSFET Q ‘is substantially brought
to earth potential by the MSFET [err]. In this case, the common bit |ine
[err] is 15 suppEhethei throniy ahwwhtageFugurecaﬁﬁéraﬁhvehy smal

I th h th SFET r Accordin . N harge Ls_injected into the
¥?O;S|ngrg;?e 8FetH e§8l5%g28 3nBPE%8ﬁFPP¥1%eFH pad 3552 i@here the
sel ect i on 'si ggabol ¢6al with thep&9¥ed§ dehhoukhend HEGR Gbiedl !l che at the

non-sel ection | evel, and in the case re the wit wn coﬁtro si gnal W
i s5at the | ononsput, shgnadaef the bﬁpubecmrSEEfswaérKkhendrhﬁnrbutpamonds
t

th totob o] th . Of t the SFET 4 is 25
siﬁ{FaSIyoreﬁageggerﬁgﬁkgﬁeq7o tgfg % Jl:Bnl PWe8%&* circuits [err]

~5}I1ed with the data signal at the high l'evel, the 5 | out put
@

to [err] .haygbkban$aaEIF & azes! eaiithh btehtih®, uBhh Whil fir LT cult
W as shown in the f] ur% Sﬁ be %oteg that aPPhough tge zenép 30
di ode zZD i s chbfnbnough hbntﬂlthewroﬁfaoamateBCU|ts W - 28 - to [err] in
an alternative form sep te zener_diod bg Qi for ach
wWite-down circuit. 3R &cé6rdance wf%hngﬁe o%f s%age he
10 . MISFET 073. the MISFET Q74 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 CBb is
15 supplied with only a voltage of a comparatively small

value through the MISFET Q. - A
‘Accordingly, no charge is injected into the

flbating gate of the selected memory element FH1

In the case where the selection signal K

20 'f;: provided from the Y;DECZ circuit is at the nonrselegtion
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 Q74 is

25 similarly'rendered into the "on" state.

P . The unit write-down circuits sz to W oL, have
the same arrangement as that of the unit write-down
circuit Wb1 as shown in the figure.

It will be noted that although the zener

30 o diode ZD is common: to the uﬁit write-down circuits Wb1



current of the zener 5 di ode ZD i s supplied through one of
unit wite-down circuitg W to W - The bias current is supplied 8+ ,
04 theough the MSFETs [err] and [err]ogwhen the M SFET [err] is 50
brought ifito the "off" state. In thls case, the drain electrodes of the
M SFETs [err], [err] and [err] are respectively 10 brought to earth .

potential by M&£6EWg, | eih]an a®tétnative| €oth ae%ginaﬂet keﬁeﬁuaﬁbeeélaéyy as
the source electroded. Accordi ngl'y, the M SFETs are

brought into thbe'Brevided: fer ea@hnUEitﬁedNWBFEiSCQEK CB? and Q60 are:

brought into the "off" a n ppl.ied to the
zener diode ZD. In this en%gé?ﬁgﬂﬁg ?ﬁ”%#gag%gaﬁégﬁgﬁﬁ Fﬁfgﬂ ?hcon5|sts of
sense anplifierpipares 20A)esnd 20BY}) eﬁéfBiasndui'?eh’ﬂeofoﬁﬁﬁnzéhéﬂ i nes.
[errg to [err] one to one, and an output buffer circuit OUT

The Bense anpl i ¢ieds EBrip supplied §h§ogsbe9§§tPﬁe#beopéiﬁtﬁui§9-@ﬁﬁn

sel ection signa o [ mhlch e % o] circuit.
2 The out put buk?géﬁéf%cﬂb1 ?éﬂ'@uppllggétRegg %ﬁggeﬁﬁpg%/gu %%ggﬁgrninal'
|/ O with a signthrofigh €he MISFETs! egﬁl an@r Qgipwndhn@héomsmto.z gsgnal
of one selected sense anplifier. Thesout put rmnal of the outp buf fer
circuit OUT is Brought inte the F953P|§§a§§ate p $hir eagey thAadrahke

control signal ggoi8r8hekh6s! Pie! AYSFEEE o aangubsngaggergngCtively

non-sel ecti on. 54°
10 - brought to earth potential_by MISFETs Q78’ sz and 086

~ and function substantially as the source electrodes.
Accordingly, the MISFETs Q54’.Q57 and Qg are brought
into the "off" states. Since the MISFETs Q

54° 57
and 060 are brought into the "off" states, the normal bias

U . current is supplied to the zener diode ZD.
In this embodiment, the read-out circuit RO -

consists of sense amplifiers SA, to SA3 which

correspond to the common bit lines CBO to CB3 one to

one, and an output buffer circuit OUT.

og T The sense amplifiers SAy to SA5 are

selectively operated by the selection signals K0 to.K3
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

According to the arrangement shown in Figures 2(A) and 2(B), the bi @ .

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 controlfSignal cs is at the low level
30 as during the chip non-selection.



- 29 - Figure 3 shows a practicable circuit arrangenent of the sense

ampLifT¥® [err] and circuits associated.therewith. The comon bit |ine
[err]Nils} connected to the source electrode of an anplif{ying 5

M SFEX\\O and the drain el ectrode of a constant current NgSFET [err]. o
The gate of the M SFET I's connected to the junction between the -
M SFETs 6 and which are connected iT &rfes between the power source -«
termnal and earth so as to forma predeterm ned 10 bi as vol t age.

The common bit line [er o.connected to the source el ectrode of a

i |
M SFET [err] whose gat e%@@r\arﬁ&wqcﬁtﬂﬁa‘ﬁ%b% PR the M SFETS 6
and [err]and et df5 YRGS ﬁpimépwm%ﬁq Q?.L:Jézitsf. .
n of 1nfornmation, the

termnal. Accordingly, during the read-out operati
bl as vol t age assod@tiesd therewdith.he MBfeEcomaon pithdiymnGBciisuit [err]

t I t |l gcted by th d [ ' its. 20

[ accor danc ETFER S 7 GRARITaS (@ 1SAPIRA o R ARAIADHRE el ect ed

meyory el emeMrsEeT (dle WNE XY draid it e cgf A%ﬁéﬁﬁ the sel ection
as stated before. 1n

| evel of the word i driving signa _ e case where
t he sel ect ed ovament MISAET 4+  The igateelaf ithe IMISRET " dte

o e o A A Iy
M SFET [err] whiehCaye iphRdted 38 At dBted] S potfer 'S

Q.ln
held in the”SQT' state by the selection |evel of the
source terminal and earth so as to form a predetermined

10 bias vbltage.

The common bit line CBO is also connected to
the source electrode of a MISFET QbS whose gate is
connected to the jupction between thg MISFETs Q96 and
Qyr and whose drain is connected to the power source W)

15 ° terminal. y | |
Accordingly,.during the read-out'operation of
information; the bias voltage is applied through the i
5 MISFET Q98 in the sense circuit SAy to one memory element
% selected by the X-~-DEC and Y—DEC1 circuits.
20 In accordance with an information written
down previously, the éelected 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 .CBo is brought to a comparatively high
| level by the MISFET 098'

o In the case where the selected memory element
30 is held in the "on" state by the selection level of the



- 30 - word line driving signal, the cdnnDh bit line [err] is brought to a .

conparatively low level. In this case, the high | evel of the common bit .
line [err] is brought te a conparatively |ow |level 5 because
.

gate\uwol t age of the" M SFET [err] is hé @OCO'ITparative'-Iy | ow. The | ow | evie}
of the conmon bit line [err] is nade to be at a conparatively high | evel™ Dy

Phe menry el entora inécaravils, 81l . enertomnBhy b137 1108 b "85 01
line [err] are biroughd ito ahcemparativellelsmcadvell,.r ead-out can be

rendered high in spite of the fact that capacitances such as stray :
capaci t ances 15 | i kPt Ehést rasesgithe BAghgleyedpeddthei comhant he
common bit |ine r "chkn LN Sl re ¥ dat a
froma pIuraIit3&§fi%%ﬁn?§0e?éngﬁgggéget?egdégﬁpa?ﬁ%gﬁg%ﬁgngn}eYﬁ% peri od
of tBme in whi checauseethe ghteheolsagenolfi thei MESFRIr b i sighneyad to the
ot her level 20 %gn ie ﬂade short. The anplifying ® SFET [err] has
_the fixed bias GOMPAERTAYBLYetOVo its gate, and the read-out signal from

the common bit line CB apghphe 09} SQur e €y 41 nstitutes
a common-gate 25 : aﬁ%ki??grlégé%tﬁgr%aftﬁoéﬁﬁéaggkl%ﬁh% @ﬁoois An
“anplified outpumadeghal berati dedomparativediynhoiht hevel SbFTprépersyapp! i ed
to the gate of ong Eiffggent'al M SFET [errL. The gate of tﬂe ot her _
differential M SEE¥INgothe size ratigg pfcghei MESE T&f @ggnerdyveygagedy

whi choi s ref  the memory element. _

When the high level and low level of the
compon_bit.line CBO are limited in this maﬁner, the
speed of read-out can be rendered high in spite of the
fact that capacitances such as stray capacifahces

15 limiting the signal changing speed exist in-the.common
bit line-CBo. In other words, in such a case where
datalfrom a plurality of memory elements are read out
in succession, the peribd of time in which one level

. '”g; of the common bit liné CBO is changed(to the other level
20 - . ¢an be made short. _

The amplifying MISFET'ogg has the fixed
bias voltage applied to its gate, and the read-out
signal from the commoh bit line CB, applied to itS

0
source. Therefore, it:constitutes a common-gate
25 ' amplifier together with a load MISFET Q100. An

'amplified'output signal'provided at the drain of the

MISFET Qgg is applied to the gate of one differential
MISFET Qg '
The_gate of the other.differential MISFET.Q91

which is

3? : is supplied with a feference voltage vfef



formed by a reference voltage generating circuit at the succeedi ng

The reference voltage generating circuit includes a dumy nmenory

sfrent  F. The gate of the 5 dumy menory elenent F is connected
to the Junction between M SFETs [errt 3hd=[err] which ar®e connected i
series between the power source ternminal and earth so as to forma _
predeterm ned internediate voltage. Connected to the drain el ectrode of ¢he
dunmy 10 £ormé® "By Ya SF6BRénte | GoRtdgSFEanetetihgf oreuitmay which
corresponds to the M SFETs of the colum swtch circuit. The sanme circuit
as that forrre‘bhe)ysutmeMBﬂETstaSe-to is formed by M SFETs [err],[err]
and [err] to [err]. 15

el ement F and the M SFE O%egege%%ﬁhg%}géges %ﬁgr%%ﬂﬁéd c gg;g of the

M SFETs [err]igétudés da dadmyBefssyNeDéméhit Eonstmé gateeot BhFET [err].
A potential of an internedi ate val ue. between the high | evel and

| o | evel of dumyJnemeryielemert| Bris $@n%9%F¢@dt?othﬁeJB%GF%@nelectrode

of the M SFET, Lol Byraben UGy TERR' Y, <l SHERLF ARlebhe M NETO A

result, erence’v rt®5 € |nterne ével between

t he -read- out séphes eN@twéén the pdﬁdrleoui-eeetenhmblaanddehrtmsd to the
drain of the M SFET [err] g$rOV|ded at the drain of the anplifying M SFET .
[err]. Since Q%ét¢efgﬂ%d%épﬁ ?BQEmb%ﬂér%PPﬁﬁme@4?EQ|Y°%Fa$ﬁ1s form has an

arrangenent simlar to t@giloted to thb' &bhin' GLEEL-BYe! 88 thS Emper ']

to[err], the colum
10 memory element F is a MISFET.Q106 for a dummy which

corresponds to the MISFEIS of the column switch circuit.
The same circuit as that formed by the

MISFETs Qgg to Q)oq is formed by MISFETs Q, .., o1'03

and Q to 0110

. 10 _
15 _ As shown, the dummy memory element F and the W

MISFET Q 106 2T® connected to the source electrodes of
the MISFETs Q107
current_MISFET Q110; o -
A potential of an intermediate value between
20 the high level and low level of the common bit line
CB. is applied to the source electrode of the MISFET Q

0 _ | 108
by the dummy memory element F and the MISFET Q

and QHOB and the drain of the constant

106°

As a result, the reference voltage V ref at

- the intermediate level between the read-out high level
25 7. and low level which are ‘delivered to the drain of the
' MISFET Q99 is provided at the drain of the amplifying

MISFET Q 8

Since the refégehce voltage generating
. ¢ircuit of this form has an arrangement similar to the

30 circuit formed by the MISFETs Qg to Q the column

101°



- 32 - switch circuit and the nmenory elenents, it provides the reference
vol'tage Vref of good level irrespective of the fluctuations of the

t hreshol d vol t ages of the M SFETs. The copmon source of the differential
M SFEIs 5. ™, “and 1 is provided mnﬁg a MSFET [err] which
functions as a constant current el enent, A M SFET [err] whose gate
el ectrode is supplied with the selectlon signal [err] fromthe Y-DEC
circuit in order switehecircubtsamdcthephénory. eleneritse Lt hprovibdes the
drains of the d|ff enti al FETs

respectively prov %rW??l Yg]«a'&aﬁﬁ S\Eﬁa'ﬁMfSé??d[g?ﬂﬂg% erﬂ'és !ﬂ:\%"%n&'w‘%d

output signal of fiﬁé%ﬁhfi@ﬁ@néfaﬁhé“ﬁﬁfééﬁ%l&'661%%§é§ 6faﬂE€1ﬁiSﬁETQ ‘the
out put buffer circuit OUT through a latch circuit L The latch.circuit LC

-has the selecti-on S|gnal [ €Fhé emmmondsemmﬁetei tinel dtfﬁeremttnﬂtMEﬁEEEs Qg
with the sense anplifi err e Ia [ L r.an

when éel ected byn%)rh% % %?H’ eqltw olég##g &2 '{?ré ﬂf’%‘éﬁl%‘? T-Ba
si gnal correSpoancsmstaht heusr &t eTehéne) ednd r & Mt SPER whose ga'l:e
differential anplifier circuit. When not selected by t i gnal " K, the

output terninal #leckrode chs csvppliedvithithe h@l%)‘bid’hgstmb K, from the |

Copnl 1 edow i n oni VG, (EITHRFY B SRGef R Setpdt Fhng sSite GpEY] aii@ahse
anplifiers [err] to [err] vimcthéastheshaed cctied dyaihe 62! tihéi @If BéSatfal

Ko to K Figures 4 and 5 each show different forns of the wite-down circuit

shown!®n Fi gure MEGFET Querand Qyp are crespechively ipreygided with load
MISFETs °94 and Qgs The amplified output signal of this
differential amplifier circuit is transmitted to the output
buffer circuit OUT through a-latch circuit IC.
The latch circuit LC has the selection signal
5 ' Ko applied thereto, and is selected together with the
sense amplifier SAO. _ |
The latch circuit LC is arranged so that when
selected by the signal KO' it provides its output'terminal
| with a signal corresponding to the signal delivered from the
20 differential amplifier_circuit. When not selected by
' the signal KO’ the'output terminal of the latch circuit
LC is in the floating state. ' _
Accordingly, the input terminai of the output
buffer circuit OUT is supplied with only the output _
25 - signal of that one of the sense amplifiers SA. to SA, which .

0 3
has been selected by the selection sighals K., to K

. 0 3°

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 &

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




@r‘, and 5, an output circuit is formed by M SFETs [err] to - 33
‘@rr].- In the preceding stage of the output circuit, there is arranged a
suitable. logic gate circuit which is. s lied with the,wite-down control
signal W, the wite-down data and the 4&l®ction signal. *Signals at a\&
| evel substantially equal to V ~are provided at the output termnals [err]
and [err] of the output circuit during the wite-down operation if.the data
suppl i ed to tH gomonin rfhe /preqedingrstage of tie owtputtébréwit)evel. A
M SFET [err] ig arr ed bet ween the loﬂt;ﬁ”t teymnal N2, 10 of the

output circuit e TIFINESH i it mP%1C | g3ke (mhrcuih which 18 ode

ZD sinilar to giiiilidd WietH O it £IGeh NEsHth61 cofneai efle [ Otﬁ%e out put
termnal N1 through a current clanping M SFET QL15. The gate of the
M SFET [err] iwrilardomdata tand Aherselleciti@D dbgnall s ect $ignals moumh a

| evel shifting M SFET dingly, .t | t f.th bit Ii
Lor8] 75 det ockVEh SRPEIAR SRR QY 9 Vo crrd RarTL a0 A8 TG qure 4
a zener voltagritigutlit@aiinaBPMN | &thd Nt her € %ﬁ?ﬁb%ﬁ@ﬁ@ﬁ %Rﬁagn .

|

M SFET [err] .In response thereto, thezvoltage of the common bit
[err] is |owerde pirie<dmmnionapation ifctherdatnl suppliedectofthde M SFET

nan-vol at | 1o (TR DR Yot TR 0% e Sh iR o e

is applied to A MISFET r%ﬁfs the dfriiged | WBidert 16né Ushfi8ut hee i ALY dpwn

becones conparatively | so that the circuit does not operate prope?ly in

thel@ase wher @% enautaut airquifh and tthe werresponding ccpmment. bit t he
circult shown jhdidre 54 'Jhdf'dlode zD similar to that in the

foregoing embodiment is connected to the output terminal
N1 throggh a curreht.clamping MISFET 0115. The'gate of
the MISFET.'-Q116 is'chnected to the zener diode ZD
directly or through a level shifting MISFET Q115'.
Accordingly, the voltage of the common bit line CBO 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.Q116." In response fhereto, the voltage of the
common bit line QBO 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
memory element F11. Accordingly, the voltage which
25 . is applied to the drain of the memory element F11 during
the write-down becomes comparatively low, so that the

1585,
& 5'

circuit does not operate properly in the case where a
comparatively high write-down speed is required.

| ‘In the circuit shown in Figure 5, the level

30 shifting MISFET Q, 1'5_' is arranged as in the embodiment

shown in Figure 2(B).



30 shifting M SFET Q115" is arranged as in.the enbodi ment shown -fg
Fi gure 2(B). -34- |In accordance with the circuit of Figure 5, theref b
the voltage which is applied to the gate of the M SFET is raised:

appr @ matel y to tHe threshol d vol tage V of the MSFET [err] with
respect td the thE 5 - voltage af sghe zener diode ZD as in the
circuit of the enbodi ment in Figure 2(B). As a result, the potential of
the common bit |ine can be set substantially at the zener voltage as in the
circuit of the enbodi nent sﬂnwacborﬂagneewa¢ﬂ)theOcircuit of Figure 5,Thus,

the wite-down voltage to be applied to e.biit lin n ccurately set
to a magnitude wﬁpeﬁgfgrﬁecgg p§91$853pﬂéaéhtﬁﬁgapﬁ i&aaﬁgn@gebgé Rd8%n in

the-non_volatile e d [ | e.
Accordi ngly, the non VOF%& 65 18 rﬂﬁs%ﬁ a% ﬁa%% pgtgg%ékntﬁgeghbiﬁ
perform a high- spo&dagelvgv mm mherMEBFEE 'cwdmhamESpebtage ¢henent
for determning the cla .S .CO utI|IZi th

seni céhduct or re§P3ﬁ§3ﬁthh ﬁb&iQFﬁb focircu t d% thet he

formation of thee&sshﬁagﬁlecaﬂfﬂ -1¢:) theA%Og. \f%'s%w © tARMBLk eRitg ERN!

as stated before. In order to attain a hlgh speed wite- down operation, the
non-vol atil e nenniytheenemmsanitaidnbabamc@me@emnsmbs&au¢daﬂéyaatsmhnn in

e conduct or SuBSBRR: go}tpg%aaﬁef o s %%éﬁqﬁe%w%oﬁme%@ shéwn
in Figure 2(B).
10 ' Thus, the write-down voltage to be applied
to the bit line can be accurately set to a magnitude
which is necessary for'preventing the avalance breakdown
in the non-volatile memory element and which is close
‘ o to the maximum voltage.'_ Accordingly, the non-volatile
\~15 . © memory element is permitted to perform a high-speed
.write-down operation. -
| As a constant voltage element for determining
the clamp voltage, it is convenient to utilize the
semiconductor regions which are formed simultaneously
20 - with the formation of the semiconductor regions_of the
"' non-volatile memory element as stated before.

In order to attain a high-speed write—down
operation, the non—volatile memory elements F11 re
fabricated in a structure as shown in Figures 6(4) to

25 6(c). - |
. Referring to Figures 6(A) to 6(c), a
semiconductor substrate 1 is made of a p-type Si (silicon)
single-crystal in whichﬁa conductiéity tyge determiging

impurity is contained at, for example, 10~ atoms/cm”.

30 One major surface of the substrate 1 is formed with a



gl e crystal in which a conductivity type deternihing inmpurity is
‘ai ned at, for exanple, [err] atons/[err] . One mgj or surface
the substrate 1 is formed with a - 35 - thlck fiueld [err](silicon-

oxi de) . fiTm 2. A portion suLregnded with the field Si Q2 film2 is m&e an
~active'region, The substrate surface which constitutes the active region
iIs formed with a thin gate [err] film3. 2 5 ' The gate SIO film3

|s|overlalﬁlmthhch fiehdlsgo {st12cH6 oikide)i £idmd@.of A bortionﬁnductlve

Si FG
Phrough an | neETREURAsS. vﬁ§n|3£ ndield 8300 FuiE,204%: o, aReSEELLE: ode Co
whi ch is made, ?% Seco@ﬂelguPstrateh Q?FHEE'%ﬁieﬁlKBéé?%%h%bgetge layer

substantial |y rmng a wor I ne oating gate as a wi dth equal
to t hat of theactiwerpégieneifCfomiedxwiéttsaothdnt gatei 810,SECRmf Bl m 2. In

6 h of _the fl G d d
ySbroken || nbie @ne Shy E11h Bntenavertetdcwish enelbating gateor
substrate | WigCinisnnek ﬁ&géoafdﬁdﬂ&-h‘% &Fﬁaﬁfekﬁgﬁﬁgﬁgﬁﬂrﬁ}? ethe gate

el ectrodes, n -type sem conductor regions [err], - orned by
I ntroduci ng a8inlayer.20 The floatmngrgayeaelactoanerEGiislyvbr@bid

concentration _ are forned, The n e,se nduct nlerr] 1is used
as the sourcetkﬁﬁ?sh Lo %ﬁEeﬁBﬁd§B¥§t#P§u %3 g&iﬂes *ﬁg f -type
semi conduct or g wﬁ% tehetl tfo&éteﬁdﬁﬁiéﬁ is made b? BN8ek8h8’ 2!

direction on t e dra g as s own I n
10 . conductive polycrystalline Si layer substantially
forming a word line.
The floating gate FG has a width equal to that of

the control gate CG and extends onto the field SiO

. _ 2
film 2. In Figure 6(A), the end parts of the floating
15 gate FG are indicated by broken lines Eqq and_EaZ. -\4

In that surface_of'the semiconductor substrate
1 which is not surrounded with the field Si0, film 2 and
the gate electrodes, n'-type semiconductor regions Ry» )
o baqs by bg, and Ré'formed by introducing an n-type
20 impurity at a comparatively high concentration are
formed. I |
| The n+-type semiconductor region 481 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 direction 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 draw1ng.

.30 The n -type semiconductor region 482



Figure 6(A) is used as a region for formng a referenéé“potential line. Theme
source region 4 and the wiring region [err]are integrally-fornmed as sho

in the drawi ng. 30 ’ The n_-type seni conductor region
[errN¥s , T86- si‘milarly used as the source region of another non-
volatile rrenory element, and the n -ty®6 seni.conductor region Ris used as
a wWrdng region.. The n -type sem conductor region 4D is used 5 as

t he conmon drain regions of the pair of non-volatile nmenory el enents. Over
the control gate Wik AN I.C r bit |ine
(made of, for exggphﬁg%%g%eg\%o%ast e@eg%um nleeurﬂgl%ér ;Bflf (s‘l’"rr‘?rg‘}‘%ﬁd ntoﬁ’r'ou'gh an
10 i nt er veliattide aewmoaty ] eliend,Semd dhel & HypleS ¥eini@onavddod | y

with the control gate electrode. The wiring layer 6 is held in ohmc
contact with theT@84PR Regildnusednag @miring aegion.CNT. D As illustrated

in Figure 6(C), in the surf F_ f m uct or substrate 1
underneath the field [err] fi %m , tgpg _-ste§“g‘8°?‘g§ﬁ°§§r7%%%q8ﬁ‘ %& hetS§
condugtivity typesathehaommbnt deainbregdonsind the PRUEH bf ORACHTaEHIN

hi gher than that of the gsubstrate is fornmed as a channel stopper.
Further, if neceREWPYY sgements. 5  _type region 7a having a stil

o e oot non vo Lok ShBL Bl Moot RO G|
field SiO 2 - layer 6 which forms a bit line (made of, for example,
an evapo:ated aluminium layer) is formed through an
10 intermediate insulating film 5b so as fo intersect
orthogonally with the control gate electrode.
The wiring layer 6 is held in ohmic contact
with the drain region 4D in a contact portion CNT. _
As illustrated in Figure 6(C), in the surface
15 . | Qf the semiconductor substrate 1 underneath the'field |
. 5§10, film 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 formed as a channel stopper. Further, if nécessary,
20 | a p++-type region 72 having a still higher impurity
' concentration_is formed;in that part of the channel
portion of the semiconductor nonsvolatilé memory
element which is close to the field 3102.
In the non-volatile memory element
25 constructed_as above when the write~down voltage is
applied to the drain régioh'hn and the word line
driving signal of the selection level is applied to

the control gate CG,, the spread of a depletion layer

. to spread to the p++ftype region 7a from the junction
30 portion between the drain region 4D and the p++-type



™ ':-domn voltage'is applied to the drain region [err] and the word line
. i:ng signal of the selection level is applied to thg control gate [err],
t he--sprgad™of a depletion |ayer to’spréﬁd‘to the p -type region 7a froves
t he junction 30 portion between the drain region 4 and the p

-type D -37-..Leqi i i Lt e t LAi i £l is e
intensified ag'(?é’%ﬁng%ﬂ% lé'ldg'él{grddngn\ﬁi%glr? F%ra%rg f(’:ihefg'ﬁ‘ﬁe%:lzrf:etﬁflé enii%are
greatly accel ahtea@dild ddhadtiorditiedyn fi Electiroengiwhich Avrar & Rignnel gh
energy is afforded to 5. el'ectron-hol e pairs _which are created when

t he el ect r ons chawendolarel &readdivh accedaradd &orthe yiigh drain ddeld

ot her words, t rati ffd:Ci Y 4af tyr b S.dpn0ved, an

the wite- domﬁQgﬁg%?ﬁ‘s g%e%ﬁagfiérﬁ'%cg&g}q%&‘e%@c 1Uxorded J&1 n the

norg vol ati |l e AERtroRl-Bil paitd Micks are erestied whers tite élgottions i nto
film3 as is well known, this

the floating gate FG through the gate [err]
floating gate%EGebQQ&%§§Q9lﬁﬁﬁ*ﬂéﬁ;ﬁﬁﬂiﬂﬂﬂQBthﬂ)Qnﬁﬁt%;t#ﬂ#iﬂﬁﬁ%bvoltage
for the contrﬁ%isgq:?,’;ér dtr%slS the eﬁxer@aﬂ%ﬁ" re yegﬁ/ gygat val ue such

as about 7 vo contrast, In € case where electrons are not injected

into the floalelrgtgans AG imprvvest)olahd dHegerifts—dowen| gl tins be appl i ed
to the control gate CGis set_at a conparatively |'ow value such as about 2
volts. 20 greatly enhancedaccordingl'y, when the selection |evel of the

worgy | ine driving signal g e ridie AR ddifory Wndk Der,pPgld ed to
the control gate CGis set at an - _ i - D _
case where electrons are injected into the floating
gate FG through the gate 8102 film 3 as is well known,
this.floating gate'FG'becomes a negative potential,
so that a threshold voltage for the control gate CG is

15 " made a comparatively great value such as about 7 volts.

--E;E?he non-vol atile nenory el enment 25 constructed as above when the

In contrast, in the case where electrons are not

injeeted into the floating gate FG, a thresheld voltage

%&; for a voltage to be applied to the control gafe CG is -

:%: set at a coﬁparatively low value such as about 2 volts.

20 i ‘Accordingly, when the selection level of the

| word line driving signal, i.e., the level of the signal

to be applied to the control gate CG'is set at an
intermediate value between the high and low threshold
voltages of the memory elemeﬁt, €.8., 5 volts in the

25 read-out operation, the memory element is rendered
into the "on" state or "off" state, depending upon
whether or not.the electrons are injected into the
floating gate G in advance. Therefore, the read-out

~ can be carried out.. _
30. Although this is not especially restricfive,



I nternmedi ate val ue between the high and | ow t hreshol d voltages of the

nenory el enent,
menory el ement
upon\whet heror

is rendefed into the "on" state or "off" state, depending

not* the electrons are injected into.the floating gate FGTh

‘advance. Therefore, the read-out ead8e carried out. 30 .
Al thqugh this is not especially restrictive, - 38 - the non-volatile

menory el ement as stated above can be fabkricated

33 - the
b, NETEY o tideo MEPOTTh ALSHENt @S, FiATeR APVE FER b8now

nmet hod of manuf
sectional views
manuf acturing s
enbodi nrent wil |

ce wWith.a

i . )
f%%ﬁc%ec?g g‘r% » :é%cl%g-dit'x‘%;é LAt 'a' method of mearRSARLUrEe

teps. met hod of manufacturing an

oW dederdbidde bheliowh 1 effdigares (1) g & F) Ahowo 7(F).

- The left half .parts | of Figuresf?%ﬁ)_to 7(F) show a_ngn-vol atile nenory

. element, whil st

seeEiongd: vigws o semic atqn TR 3BT for

-con_stB'tuti ng a Qeéga(ggiecrﬁ}e gmﬁ;ﬁ%‘%ﬁ)ﬂﬁjig@ps.@ S E CARIHEIY, Sestrate 1

jrade of singlte-Cry
the (100) pl ane mefticzh o memuflactiing rEmn lembotl intencth widsl mowediestivity of

‘about 20 ohmcm s prepared.. A thin thermally-oxidi 1,0 4 3" having 2
a thickness of, @%ﬁrﬁ%r‘aﬂ’r}ﬁm&% r§0 |ﬁs/i5"ffr%?€ﬁ‘ft% #s{}ﬂ“ace of the
substrate 1 by the known thg{d8lesi0 nals

p-type Si ose mmjor surface 1s parallel to

ifadf ori hasdwIor QY 4 TEer

arﬁ?? ]
to prevent crystal defects trom beilng |n&ﬁce in the surface of the

10

show a non-volatile memory element, whilst the right.
half parts II show a MISFET for constituting a

- peripheral circuit.

20

~ formed later.

25

(a) First, a semiconductor substrate 1 made
of single-crystal p-type silicon wvhose major surface
is parallel to the (100) plane, which is about 200um
thick and which has a resistivity of about 20 ohm-cm
is prepared; | _.

_ A thin thermally-oxidized SiO2 film 3' having

a thiékness of, e.g. several hundred 2 is formed on the
surface of the substrate 1 by the known thermal
oxidation 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

Subseqﬁently, the silicon nitride (Si3N4) £film
8 which is about 1400 3_thick is formed on the SiO,
film 3' by the known chemical vapour deposition
iechnology-which uSés silane gas and ammonia gas.

A photoresist film (nbt shown) for an
etching mask is formed on the SiBNh film 8, whereupon
the photoresist film is selectively exposed to light

- ]

e.g., 5volts in the 25 read- out operation, the ’



pahstrate | due to a silicon nitride filmto be formed |ater. Subsequently,
ga% silicon-nitride ([err]) film25 8 which is about 1400 [err]
Xfdpck. is formed on the [err] film3 by the known cherical vapour

deposi tion technol ogy which uses silane gas and ammoni a gas. A photore&aét
film(not shown) for an etching mask« &Ferned on the Si N film8§,

wher eupon 30 t he photoreS|st filmis selectively exposed to light-

- 39 - and is devel oped. As a result, the photoresist filmis left on
parts of the amdstisadevelopeds nades & mesnagithes phtieresiat 1S511msi ng t he

< otchod and ¥ 24 SRRArteat (AY ABAREH 1 He 4° Hedd Ve he 5 4

pl asma et chi nggpiQeAsSs Which uses freon gas as a reaction gas can be
enpl oyed. After renoving the photoresist film a 10 phot or esi st
film9 is formed on the Swbsequentlyanasingdhmarenaining mhqﬁog"eisg.s

sel tlvely e f IS or
for ing the p)ﬂaﬂ/%@ Q‘&ﬁ %q;d/"g‘q%s %%%%&M@?%) [%é Eﬁr@\ﬂ%%\ﬁo‘i
formed by the reaigviemt | OFdRettReRYdMEND of the SSiNNefin 8,8 ¥y the

- photoresist film9. Using the remaining photore5| A 4iIm9 and Si3N4 films8
as an ion i nprd@sma @’I:qhésxg prosessaiiahuises (freon (grREAS § meaqlHon

surface of th%ﬁéy% Kl émﬁfafgéylthe_SiCQ flyn13 by the ion

| _After removing the photoresist film, a
10 photoresist film 9 is formed on the substrate 1 anew.
The photoresist film 9 is selectively exposed
to light and is developed in order that a window for
- forming the p++-type region 7a as shown in Figures 6(A)
to 6(C) may be formed by the combination between the _
15 S1,N, film 8 and the photoresist film 9. v/
Using the remaining photoresist film 9 and
813N4 film 8 as an ion implantation mask, a p-type
impurity is introduced into the Surface of the
substrate 1'through the 8102 film 3' by the ion
20 1mp1antation technology as illustrated in Figure 7(A).
In this case, BF (boron fluoride) is
used as impurity ions though no special restriction
is intended. The impurity ions are given energy of,
e.g. 75 keV and are 1mp1anted into the surface of the
25 substrate 1 at a concentration of, e.g., aboUt 1014
atoms/cmz. '
Since BF, 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
30 penetrate through the SisNA film 8 and the underlying

3102 film 3'., ~Accordingly, even when the 813N4 film 8



20 i pl antation technology as illustrated in Figure 7(A). In this £
case, BF2 (boron fluoride) is used as inpurity ions though no speci al

restriction is intended, The inpurity ions are given energy of, e.g. 75
~ keV and.arenpl ant’ed into the ‘surface 4 m 25 substrate 1 at a
concentration of, e.g., about 10 2 atons/cm Since BF2 as the |rrpur|ty I ons
has.a nmass greatis ntadm ddmana"titw&iyn#hﬁnt%/s describal (ﬂhﬁ‘(ﬁr) ss of

BF2: 49, nass of, B: i fficult t hr ough
the [err] film SBRYWF %ﬁtd!m ‘ﬁ%‘rﬁ‘i RELO [13??]5“"10‘3&9 %1%“% y, even
when the [err] f 1 4fha ﬁﬁé’esfq{fpafﬂm\@w thin as deseri bed
above, the |rrpuréfléﬂ);g1%satneot I nt réoztstluced M@ d+t he surface of the substrate 1

under the Si 3N4 f| | m 8. (b)(ﬁbmu%tkﬁi aftenoenqying th

photoresist film t he subs 1.j.s an ts e e.g.,
1100 % i n an | ndoteRs %#&%@m%ﬁﬁ%ﬁ% s %%ﬁft%ea‘%as.s of
the annealing tr ﬁ?ﬁ&t rdest Mgty 1100 unedah NAdet Sgié aptmedphdme

substrate 1 is diftused uby the drlgve’yl n diffusion. 10 o As a result,

the p -type reguch %s witrogen egasndedon ntke tbestsef rthe a}’mﬁ%\k@&nder
sthe Si N film8 is forned 34Aft th nn g

Si3N4 filmsg as & ’gnke 'lf’er"fb] &f’t& h&&%@ﬁ#@ %’é ﬁ%%ﬁi '#? %—BI

the whol e surfacg,Ritidie wbﬁér@iﬁ&sémd@y 98 daFieesid diffusion.

est abl i shi ng, for exanple, 75 keV gpd 2 x 1013 atonms/cn2 The inpurity for

fform‘t@ the p -tApeaizsaulty, sthep -type region 72 which is extended into
the substrate surface under the Si3 A £ilm 8 is formed.
After the annealing treatment, using the SiSNh film 8
- as a mask, BF2 ions at the second time are implanted into

the whole surface oi‘ the substrate 1 under conditions

15 establishing, for example, 75 keV and 2 x 1013'atoms/em2.
\ - The impurity for forming the p+-type layer 7’as'the
R chamnel stopper is introduced into the surface of the
- ' substrate 1 by the second ion implantation.
' _ ' In an alternative method, the implanting )
20 o operations of the impurity ions may be carried out as
follows. -

First, the Si,N, film 8 formed on the S10,
film 3t is coated with a photoresist fiim.- - The
photoresist film on thetpart-in'which the p++—type

25 layer 72 is to be formed is removed by exposure and
| 'developing. Using the remaining photoresist film as
a mask, the Si3 L

Using the remaining SiBN4 film 8 and the

overlying photoresist f£ilm as an ion implantation mask,
30_. . petype impurity ions at the first time are implanted

£ilm is selectively etched and removed.



Rpannel stopper is introduced into the surface of the substrate 1 by the
X@dgorid i on inplantation. In an alternative nethod, the inplanting 20 .
operations of the inpurity ions may be carried out as Jfollows. First, the
Si3N4 fil'm8 formed on the [err] film3" is coated with a photoresist fdm
The photoresist filmon the part i n-whch the [err] type 25 | ayer -
7ais to be formed is renoved by exposure and devel opi ng. Using the «
remai ni ng pho S| ' ' , 43 filmis selectively etched
and renoved. %gﬁﬁgfﬁéeg?%gggﬁiﬁgn?gérfthFg?gugga the overlying photoresi st
filmas an ion inplantat Afteprapbmo¥iing the phptbypsistpfilmy thes at the:
first tinme are jnplanted - 41 - into the surface of the substrate 1.
Aft er reaningng£r§FBt6ré§i§PnﬁﬁlﬁP BRec 18y kBer 4PEeEOLB8aNNeal ed as in the
f oregoi ng. The whol e sur e h r | : ith a
photoresist film?9 again&ﬁg *ﬂéléhgygggg%s?EEFbﬁlgaﬁé%gg?gcgﬁvg ?tggkosed
toslight and withesebhptdresiast falmeSaiagadn.t heTher phodobestsdefilm 9cti ve
region. Using,the en%iniﬂg photoresi st _fi|m9 as an etching nask, the Si N .
film8is se|é§t59iﬁ9 tvehkqespaseg to light and, dgpdeyelopPhysPnas |
femal ni ng phpier?éhéinfbh"hﬁeag r§'%H4bE'bEh§ %Peagcgiﬁe'FBFEBhét'O” mask,
p-type inpurity 1ons at the second tine are 1 nplanted into the surface of
the substrate 1. 15 Using the remaihtinghphbdolresistedilia® as she

| t ti .
alternatiVve  etching mask, the Si;N, film 8 is selectively etched

10 and removed. L _ _ _
Using the remaining photoresist film 9 and
Si3NL film 8 as an ion implantatioh mask, p-type impurity
ions at the second time are implanted into the surface
. of the 'substrate 1. - |
15 o It should be noted that in the alternative  \L/
method, - in the first ion-implanting operation, that -
s surface of the substrate 1 which is not to be implanted L.
with_the ions is covered with the stacked Si3N4 film 8
and photoresist film. - In the second ion-implanting
20 operation, that surface of the substrate 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 Si3NL film 8 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 chamnel region of the field-effect element.
(c) After the second operation of
30 - implanting the impurity ions, the substrate 1 is



met hod, -in the first ion-inplanting operation, that surface of the
substrate 1 which is not to be inplanted with the ions is covered with thgggp
stacked Si Nfilm8 3 4 and photoresist,film In the second '
_ionyippl antimg 20 ° operation[’t%@ﬂ'surface of the substrate 1 which
is-not to be inplanted with the ionsy especially the surface which is to be
finally made thédegtahat ahpuh 1K0Q He nel EPRIXRAPLE o ARINOXYEER ni | arl y

covered with the ed Si ' hot | st f]

As a result, it %%Pa%é‘%’éﬁ [ %’%4’1#%@ %‘\E/%%ed ;}]@‘fé’t f %A&%ﬁt;ivﬁ%lﬁé are
undesirably int rgdigledridid dbiris U fng 2 teavdingd 4 Nhiciidsater,l dghe
finally made the channel region of the field-effect elenment. (c) After the

second oper ati orghguigdlum is formgd on iFhe tsirfagr of \themubstrataptrate

i -42- he t er [ a nospher e
colntsa? ni ng st ea?ﬁﬁgcs’nu@,m%&t%rf’p%%’lt Pt\}é% %%ﬁkﬂﬁ%l%%ﬁ%g% m Zsﬁavi ng a
thickness of, e.di@PL6n EBK S 16 "@rficd Nef Sthd afbPirdte susidrsd 1. 5

+~Since, in this case, the Si 3Nd film8 acts as an oxidati on nask,

th
surface of the SUHEH rthe Sy ek /B he met Somed ikt the helbamEdia i h

- the field oxi det iell_ng% £ 85D frt&gnﬂ\_%gl%éa. 0 Ry S Aﬁ% treat ment

for oxidation, ype 1npurity ha been i duced in the

substrate surfacereédtnidret i for i owl datfon pnthe pavipye eimpurd §y tned ngit o the
substrate. Accordingly, the [err]-type region 7a is stretched deep under
the f1@1 d oxi de Beemmintreinced imdthesisErategurface 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 SiBNh film 8).
J 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 introduced 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 hafdlj stretched to fhe active region.
. In accordance with the manufacturing method
o as_sfated above, the self-alignment between the
25 . field Si0, film 2 and the p' -type region 7z is possible,
and very accurate and small-sized memory cells can be
manufactured at a good yield, In addition, the
ﬁémory portion and the 513“4 film in the peripheral
e ' part can be worked gt one stroke, so that the deviation
307 " of mask alignment need not be considered.



he active region (under the Si N4 film8). At the sanme tinme, the p

pe region 7 at the concentration as the channel stopper is formed unde
the field oxide film 2. Since the p-type inpurity which i's introduced
the secofid operation of inplanting 20- 43 = the inpurity ions is at the
conparatively | ow concentrati on as descri bed above, the p -type region 7% s
hardly stretched to the active region. In accordance with the manufacturing
nethod as stated above, tl{@)selsfftelr ¢heedieled waddatiion;5 the Si Nflel d

S film2 and the p -type reglon 7a is possible, and v acéurate and
smal | - si zed nefdAp §e|ilss e&&heﬁe FeRoviede g’yatth& me&%‘

addition, the ne p LQan. fsg;h!@? g goeri pheral art can
be worked at oﬁgggégkgﬁica ?-,Eﬁ v:pglti n &% & of mask gl I gnment
Pe:ad got betCﬁnzl de(rjed Ifdnl?&eshs(aﬁy JAfher ffidind 3fxildntriemovedie Si N
ilm8 is etched and renove y t he known et process whi uses heated
phoSphoric aci ®Y Bf medbeds Such @ik Washr %o% "&\ﬁm the by a
met hod' such. as u "rn&ta d, \q?ﬂ e fa t he
substrate | | Se%@%%gg = g:%t rﬁfn rri 1£ l m ( not &ﬁ ; Ldfaw ng a thickness

of, e.g. about th3® [s10; %ﬂi}lnt Hactth eshroain Yo tiadirigora ritiakthesgheofh @ & sur f ace
of the substrate 1 i

. cQated wt hot or e filmagain.
The phot or esi s@bo “ltni‘loé) geltﬁfct%l?“’éﬂﬁ;séﬂ‘r}t%ﬂp %t’“%ﬁt?‘i's devel oped so
that the part to be made.ifig GRAIPsudY of i divderaid eptidransi stor
| ater nmay be exposed. _
10 coated with a photoresist £ilm again. The photoresist
film is selectively exposed to light ‘and is developed
so that the part to be made ‘the channel region of the
field effect transistor later may be exposed.
_ Using the photoresist film and the field
15 oxide film 2 as an ion implantation mask, As (arsenic)

ions as an n-type impurity are implanted into the

f@m ng region. A part of the p -type region 7a is 15 ext ended

'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, fila is removed. | |
The substrate 1 is heated at, for example,
1000°C in an oxygeri atmosphere, thereby to form a
gate 510, film 3 being sbout 5008 thick on the exposed
surface of the substrate 1.
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'. volt type, a compai-atively thick gate
§10, film of, e.g. 800 R is formed by the thermal
oxidation before the formation  the gate Sj.o2 film,

and it is subsequently removed selectively from the

surface part of the substrate '1 « - Thereafter, the



Usi ng the photoresist filmand the field 15 oxide film2 as an ion -
i.npl antation mask, As (arsenic) ions as an n-type inpurity are inplanted *féi)
into the surface of the substrate | under conditions establishing, for :
exanpl ¢, 150 keV arfd 3 x [err] atons/[ery] After removing the photoresist .
film the 20 thin SiQ2 filmis rend .~ The substrate 1 is heated at,

for exanple, 1000 C in an oxygen atnosphere, thereby to forma gate [err]

film3 being about 500 [.err]. thick ont X f e substrate
1. 25 .~ compara i‘ﬁ#ysﬁ#ré s,ara}:seer%% mtﬁsag{ etgecgfa%m%]'el d- effect
transi stors of conparati velpptd9hedrnas Ak \gg-ﬁ@g&so@a,r ef g ivaatbr Nlons

- typ

peripheral circuits of, for exanple, the 25 volt > a conparatively
thick gate [err]given rengrgye.of, SE4{ HQ ke qan el introdugedringo 2 30

oxi dati on before.the format,ion of,.the ga | [ d piq.d
subsequent | y re%&%?ﬁ#%é?#%%%%oq@' %&ée éé;@ﬁ 2so:'(f?@Z h%hé%gsstirfatiéb 1.
Therepfter, the ig rfébéégaé?‘ 3gd \Etrdll Nt thieshdlid wektage dDrared. 2

5 O,

Affer form ng the gate film boron ions given energy of, e.g. 70 keV
can be i ntroducezhiancement ;mosde rtransister ctq @ glegired Rive PO M3 if

Jdt 25 | S nece ry to control the threshold voltage of an
enhancenent m)deofre&fé’fﬁ%'r to a desired value by way of exanple.

: After forming the gate Si0, film 3, a |
_' polycrystalline Si layer 10 having a thickness of about
10 3500 % 1s formed on the surface of the substrate 1 by
the CVD (Chemical Vapour Deposition) process in order
to form the'floéiing gate electrode of the memqr& transistor,
the gate electrode of the peripheral transistor and the
required wiring layer. Subsequently, a photoresist
K;);? film 9' is formed on the polycrystalline Si layer 10,
|  \ and the photoresist film 9' is selectively exposed to
-; light and is deﬁeloped. Using the remaining photoresist
h £ilm 9' as a mask, the polycrystalline Si layer 10 is
selectively etched (patterned) as shown in Figure 7(D),
20 . thereby to form the floating gate FG of the memory

s transistor, the gate electrodé G of the periphergl

transistor and the necessary wiring.

(e) After removing the photoresist film 9?,

P (phosphorus) ions arg'implanted,into the poly-

25 " crystalline Si layer by the ion implantation method.
Thus, the polycrystalline Si layer to be made the gate
électrodes FG and G and the wiring is turned into the

. n-type and is given a low resistance characteristic.

g _; Thereafter, the substrate 1 is heated in an

'30. oxidizing atmosphere so as to form an Si0, film 5a




kness of about 10 3500 [err]is fornmed on the surface of the
jostrate 1 by the CVD (Chem cal Vapour Deposition) process in order to-.
formthe floating gate el ectrode of the menory transistor,”the gate .
el ectrgde of the peripheral. transisté5 and the required wiring | ayer .
Subsequently, a photoresist film9' is forrred on the pol ycrystal line Si «.

| ayer 10, and the photoresi st ofi | m9" is | ectively pos i ght and
i s devel oped. being ﬁ@oﬂlﬁesp@n& l“pt‘?é‘t iSurs; ﬁqemqf §b t he

pol ycrystal li | CRhA as shown in
Figure 7(D), %%t% eh@é%to#%rse ?r %ﬂ%% oatl n ta? gof the nmenory
transi stor, th,e_lmaeueaptinomgﬁz@ 7t(tiE).per| pher al tran5| st or and t he
necessary wiring. (e) After rermw g % phot or esi st fi I m 9

(phosphorus) ions are i npR&n 2 Jupction as jé'ﬁ%%dlilaﬁé Si

_ iter for ni ng the gate [err] film3, a polycrystalline Si layer 10 having a

| a rbythe| 1ﬂ?@ rrethod Thus, the polycrystalllne Si layer-to
be“nmade t he ga?l%ee?llr&[g&.ﬂgGand Gandthevmrlng|sturned|ntothe

n-type and-is given a Ionr)esmﬁa:hreesmmmlsmﬂaceTmmﬁﬂm tohe
substrate 1 is heatedln an Xi re s to form
an SiO film 3eyabove giep g(ﬁ)ng tg@oﬁe%’@ﬁ Z"'aé'%lrclé’ &rgtﬁqﬁa;é&nﬁf each
of the gate elggc r in
Figure 7(E). (]fg%r] df_‘GI rrsqggeaﬁ?%tt r%r?(qas'ﬁ arugllilﬁg'rs a‘%ﬂeﬂégjgf%ﬁd
i nsul ati ng f| ICVD (piroce@s.t he Sublsﬁqtmm:lwr fpices phdrus tisl infroduced
10 . . into the surface of the second layer of polycrystalline -
Si layer CG as a conductivity type determining impurity
by an appropriate impurity depositiqn method.
Thereafter, a photoresist film is formed on
the surface of the substrate 1. The width of the

15 floating gate FG in the memory element is preferably v

made equal to that of the control gate CG. To this end,
the phbtbresist film i.'s selectively exposed to light and
N is developed sd as to determine the patterns of the i
control gates and word lines in the memory array -
20 | portion. Accordingly, 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 as 1:;1317 eer'l:ching mask, the
25 second layer of polycrystalline Si /is selectiwly
etched and removed.
Using the remaining polycrystallihe Si layer
i . CG as a mask, the 510, films 53 on the surface of the

TR - first layer of polycrystalline Si layer FG are etched
30 and removed. Subsequently, using the second layer of



the above step (e), the second | ayer of polycrystalline Si |ayer CG belng

about 3500 [err]
phosphorus is introduced 10
of polycrystalline"S

thick is forned by the CVD process. Subsequent | vy,
into the surface of the second |ayer

by an appropriate inpurity deposition nethod. Thereafter, a photoresist
filmds fornmed on the surface of the substrate 1. The width of the 15

floating gate F

t he control

exposed to |ightaamgsks tieeefbpstl Tayes 69 ﬂolﬁeﬂystalhﬁn6881el@ﬁeﬁfFGhEs_
gates and wgrd lines in the nennrﬁhfrra

exc®he

control
Accordi ngly,

gat e

ShflytPFaBEIRINe ChEMERY ek ScB! £AET BALYSTBICLETHE! 5k Cp L hat Of

€ photoresis Bhi1's selettlvel

I on

¢d 2R remeYedy heb¥im ?hé¥%¥@8y *ahe@frﬁelayer

phot or esi st f"”bf5%$f§£r§é%§ifiﬁé d£ve%29+eFethQeiﬁépr&ﬁﬁ &@%Ermined

devel opi ng. After

e ‘exposure and usrng the remalnrng

phot oBesi st fil nbpsthe width ngt misé, sééﬁndaysyeﬁ5of polycrystallinayst of

pol ycrystalline
pol ycrystal line

renoved.

i/is Iectlvely etched and renoved. Using the remaining

Y¢Ryer¥e CG as a mask, the SiO filns 5a on the surface of
-the first layer of polycrys and
Subsequent |y, usﬁ%éft‘ %eé%%iﬁ%ef%g&ﬂé?oﬁégfgggﬁm,

pol ycrystal | i ne photeyesi€s it e fawmédfamnthéasa@faceasf thdesibstrate

| ayer of polycryitalllne Si layer FGis etched and renoved. By this
et chi ng,

S

25

e g e
ey

LR b OO s

30

the fir
deterqgned 5

t8ReWer of polycrystalline Si layer FG has its width
by t hmw&ié‘t&f-eéﬁt SEEANOeb ANES Shewiycrystalline

selectively exposed to light and it developed in a
pattern in which the unnecessary parts of the second
layer of polycrystalline Si layer as overlie the gate
electrodes of the insulated gate field-effect
transistors constituting the peripheral circuits are
removed.

The second layer of polycrystalline Si layer

1s also utilized as the second gate electrodes in

stacked gate type transiétors constituting the peripheral
circuits. Accordingly, the new photoresist film is
also left on parts to be madé the second gate electrodes
of the stacked gate type transistors.

Using the photoresist film as an etching

mask, the second layer of polycrystalline Si layer is
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 §10,

' film is left on the surface parts of the substrate 1 not

covered with the field oxide film 2 and the first and

@

| ayer CG as a conducti~i 4§ +ype determning inpurity



er CG After renoving the photoresist film a photoresist filmis forned
he surface of the substrate 1 anew. 10 The
gresist filmformed anew is selectively exposed to,light and it ~
efoped ™n a pattern in which the unnecessary parts of the second | aygLj
of polycrystalline Si |ayer as overl+e4¥7he gate el ectrodes of the insulated
gate field-effect transistors constituting the peripheral circuits are =«
renoved. The 5§€@6ﬂd|E&fér@fofo#dItﬁﬁﬁéthlming'Sh31§99b§,ah§@.uthélzed as
t he second gate el ectrodes in stacked gate type transistors constituting
t he peri pheral secfacei pantgsto formothengbyrcehsndedrphnt vegions 6fimis

also left on parts,to b de th cond_gate el ectrodes _of e stacked
gate type trangégtB?ipsgggaﬁstﬁ%gpﬁgfoﬁgg'?Fefpﬁﬁ$55%8n§8rehl 6 mask, the
second | ayer ofeRPtyRdlEtar! Wipink ragebnss 25 sel ectively etched
and renoved. Subsequently, the photoresist filmis renoved. At the stage

at Bhich the photoresist Ifl nebassdryn tbﬂDOQQPaUativehy-tb&paﬁ&ﬂbvely thin
SS2 filmis | op_the sur e part: t he bgtrate | n 30

covered with (FLP; bpReRpHear Y 28 shcRink RePbod,RtE a7the wnsorayt s
of polycrystal hpeRo®| |aS&B§eqheﬁt1?beaﬁUBiécefﬂihtEeiﬁgfQbﬁhthﬁgéoﬁrce and
drain regions of the transistors and the surface parts to formthe

sem conduct or #hickgisefoomed en the exposed surface| pfnshessubgtrate
comparatively. th9 ghgﬂthermal oxidation method. The S_iO2 film is

10 - also formed on the exposed surfaces of the first and

second layers of pplycrystalline Si layers by thermal
~oxidation. - S | '
Subsequently, using the field oxide film 2

and the polycrystalline Si layers as an ion
ELES ) implantation mask, phoéphobus-ions are introduced into gk;
' the surface of the substrate 1 so as to establish, for
example, a depth of 1 um 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.in, e.g. an oxidation atmosphere,
a5 thereby to form the insulating films 5b on the exposed

'surfaces of the polycrystalline Si layers. The

structure so far-dbtained is Shown in Figure 7(F)f
_ Thereafter, using as a mask a phoioresist

. emme . .- £ilm for leading out electrodes, the SiO2 film on the
- 30 source and drain regions is selectively etched and



filmis renoved by an etching nethod such as the wash-out nethod -
Subsequently, an [err] film being about 350 thick is formed on the exposee< .
surface of the substrate 1 by the thermal oxidation nethod. The [err]
filpis 100, - ‘al so forned on the exposed surfaces of the first and
second | ayers of polycrystalline Si |ayers by thermal oxidation.
.Subsequently, using the field oxide f|%€12 and the polycrystalline S

| ayers as an ion 15 i-mpl ant ati Oh nask, phosphorus ions are

i ntroduced into the surface of the substrate 1 so as to establish, for
exanpl e, a dept¥emgvedim and a concentration of 106 2 atons/cmAs a result,

the n-type source and draAﬂtQP remov1ngrﬁﬁb obrédifst I 8Imh stO&res@nd the
sem conduct or mnrlng egjons are e, surface of the g&&gtgate 1

At the next stefPbh 930k £icpye ﬂésgﬁb&f*at%eamis $cht AP 4
conparatively |'0N\i¢len1)§r§nhw@q®ént]3y of ofmed | on Nthe. subsgitr oxe datx Hace .

at nospher e, t ti f s t he
expased surf%oe S%ﬁgt?mé£g$8%g§£ £ ?%ﬂ% %? +2§%%€' £R%T$$€?$uc ure so far
obt ai ned i s shoswléstively cotgligd ﬂmef@amtewnt@stngobssa mask a phot or esi st
filmfor |eading out eleQAf@Qfsreﬁg@léﬁckhé'ﬁﬂ%@&ré@fé@ £0im, a1 Source

and drain regions_is, selectjvely etc - renoved, After
renovi ng the phbtbpBipiym} H-?n éa?%@%%ﬂo%’bhbg?l ?B%?Er%\‘%ssﬁnqllﬂ‘ﬁ bei ng,

e.g. about [errdl layer is patterned to form a wiring layer. The

10 aluminium wiring 6 is shown in, for example,
Figure 6(B) and 6(C).

In the non-volatile memory element of the
above construction, the P -type region 7a lies in
contact w1th the drain region 4 p’ S° that the

15 pn-junction break-down takes place under a
4 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.
20 When one selected bit line, for example,
the bit line B, in Figure 2(A) is sgpplied with a
write-down voltage exceeding the drain breakdown
voltage of the memory element, the drain junctions
of the plurality of memory elements Fi5 = Fis56
25 belonging to the bit line Bl undergo the.avalanche
- breakdown respectively. 1In the case where the
avalanche breakdoWn has occured in this manner,
holes generated by the avalanche breakdown are
injected into the floating gates of the memory
30 eléments, and the re-write-ddwn'efficiency'is
| éubstantially reduced. ' ' '
The write-



o

%
thick is subsequently formed on the substrate surface.. 5 Using a
,‘m gresist filmas a mask, the PSGfilmis selectively etched to form
dct holes. After renoving the photoresist film Al (alumnlur'r) S
e orat,ed on the substrate, and the A |ayer is patterned to forma vvw.uh
Iayer “The 10 al uni ni umwiring 6 is §h6\ﬁn"in ‘for exanple, Figure 6(B) and-
6(C). In the non-volatile nmenory el enent of the above construction, the &

G 7a | ¢ t that the 15
e 0l Mt ytitaag, &8 hE Apntigh 6 A A g €%$§m@?qm?
vol tage. Accordliguiint idero¥mdeE w&o%hélqiéz?g@aﬁe \F&@@é& &Eb%’ WHEcRidadine

must be limted to a conparatively | ow val ue. en one
sel ected bit |8 meakidowxargliage mzhmtantmlm equa—l gto etid Areakdaypl i ed

with a wite-dog vol t QX C edj he ain eakdown voltage of the
menory el enent", \e‘&l‘?@ ‘%g rffxﬁfd'hgj Yf@p‘?{lréﬁt'ﬁﬁ‘tﬂm ¥enment s
[ers] [err] 25 belonmlmhé Ht VoI d{gﬁg fq?ﬁy ce
bresakdovvn respectively. In tﬁtbec;%%%e wher e t{éeL ava agf)% rea‘ﬁd&\?m has
occured in thugn@m@emmmmrmmwemmmmmmue

ted to_t tsoftherrerm 30,.el enents, and t
Irgj\ﬁfl'?e thr)]vmo &Pﬁ 13’#%37: At &T TRET M dtherrapsistors PQFJ down

voltage to bedﬁﬁﬁﬁﬁﬂﬁﬂﬂh&f§3ﬁﬁﬁ¥éliﬂytJE3ﬁEHE¥9’elements and
peripheral circuits.
10 = The constant voltage diode is formed in an
' appropriate part of the peripheral portion of the
semiconductor chip lest the carriers injected into the
substrate b& the breakdOwn operation of its Jjunction
should adversely affeot the memory elements.
15_ A constant voltage diode of an appropriate stru%dﬂne
which can be formed on the semiconductor substrate e
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 constructed of an n+-type-semiconduotor region
‘4a'and a p '-type region 7a. An electrode and wiring
K such as an evaporated aluminium layer is held in
non-rectifying contact with the n -type semiconductor
_ region 4a as the cathode of the diode through an
25 aperture provided'in'ap 510, film 3.  Although not
illustrated, the wiring K is extended onto a field
oxide film 2 and is.oonnected with the sources of the
transistors 051 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



element is formed by the constant voltage di ode which has a breakdown L
vol t age, substantially equal to the breakdown voltage of the drain junctieq=:-!
of the menory elenent. 5 The constant voltage di Od@'}"'
formgd, on a single ‘sem conductor substrate by the integrated circuit

produci ng ¢f echnol ogy together wi'th the t dsm'si stors for constituting a
plurality of nemory el enents and periphefal circuits. 10

The constant voltage diode is formed in an appropriate part of the

per i pheral port | haledifs SEIM ool iiad Wabdtiiad ¥t e Imstanitpct of

Into the substrat'e br'eakdown operation of Its junction shoul
adversel y af f ect wdltagemiiode derdonstituted by the electrode @st ant

vol t age di ode of an appropriate .stru re which can e foryred on the :

sem conduct or substrate toge'%?ers%’twri%%nﬁ%ﬁ_j@%r&t%s cgﬁ'"ffed]obt ai ned,

as shown in Figurfg, ﬁ%\ﬁs&&y%ﬁa@% igtthgdd Qu@on e B0 FLdAltes
'ode 1s construc

vol tage 20 ted of an'n -type senm conductor region

da ans a p -tyE(Ardio () and\Figuar rHdevhide ihe rapmd eanduckomn
evaporated aluminiumlayer js held in nop-rectifyi contact w t n
~type sem conductRREHoRi4d & %’é“ﬂ'ﬂe’r}cﬁtﬂiﬂ%e 8 ﬂﬁ-glgﬁmlﬁ»}f d'@é%’ 5%2?55
aperture provided,d _ '[P?dzfd' AN 14 Pugh ot ddd Upt reit eshe the wiring
K is extended on?soddef%]eﬁ% oxXl| die fﬁgm 2 anc51q.’s cnected®Pwith the sources
of the transi st omor-erolatile mematpvelémerrigure 2(B). An el ectrode BE such
as of gold is preferably 30 arr do | ower_+suf f | of
t he “seni conduct or - 50 - Tufteures ﬁpgfﬁﬁ&aélgﬁb R r%%%ﬁi& _
constajyy - 4p is formed in a manner to surround the n -type region
4a lest the carriers injected into the substrate 1 by

the operatioh of the constant voltage diode should

exert any adverse effect on the non-volatile memory
elements. ' ' |

5 | The carriers injected into the substrate 1
have difficulty in spreading outside the n+-type

. .
ol

region 4b. ) . _ |
. In the drawing, the n*-type region 4b is
_ shown as being meinteined at a predefermined potential
20 “‘ - of the circuit. The n+-ty'pe region 4b, may preferably
' - ‘ee held at the level of '_the power source voltage Vcc
of the circuit. _ '

The p++-n+ .junctio_n in the non-volatile

memory element and the p+f-n+ Junction of the zener

25 _ " diode ZD are formed by the same manufacturing step, so
that the breakdown voltages of both the junctions

equalize following the dispersion of the manufacturing
e process. It is therefore possible to attain a clamp _
voltage for accurately preventing the avalanche breakdown

30 in the non-volatile memory element.



_ ‘qﬁ'age diode is constituted by the el ectrode BE. The sem conductor region
“fé%’ formed sinmultaneously with the p =type region 7a in Figures 5
&) to 6(C) and Figure 7, while the sem conductor region 4a is simlarly
“forned sinultaneously with the source and drain regions [efr],[err] and 4D
of the non-volatile nmenory el enents. In Eigqrgs 8(A) and 8(B), an n -type*
region 10 4b is fornmed in a manner "'to surround the n -type regian
4a lest the carriers injected into the substrate |I by the operation of the

constant voltage diode should exert any adver,se effect t he non-vol atile
nenory el ements. 15 As shown in Figyge @éﬁﬁheﬁgeiHF%%F€@°WHt81FﬁB§%
substrate 1 haye.@i §{iLcC La seadi.ng (Mo} B@Hﬁ rty region 4b. In
t he draw ng, ?%eo% - ?pe_ eg%wglr?§‘§g'ﬁl §h§h8%52l5t glg‘lsng m:?ﬁﬁ’t %iecr?éd at a
pr edet er mi nedapehagedabntthe high voldhgehaider awmet conttioded- bypdheegi on
4b, may preferably be hel.d at the level of the power _sourceg voltage V of
the circuit. ¥R&ip cﬁ?PHﬁ@tWBAchnOPREaﬁﬁﬁ-VEﬂ&FiW@enéﬁﬁfyqih§$§ntc@nd the p
-ng Junction g 28neqy.25. _ co i are_f dihy | '
nagufacturingiéfgg?oég’t%g% Fﬁ%tgrggk o%gS$§?Fa§§€ %p opﬁyﬁﬁgﬁ?agg?gons
equal i ze fol | andngst ke réissfler hagn aoflowh poweruddcisipartion. process.
It is therefore possible_to attain.a clanp voltage for, accurately

Bih)zsh e

preventing the aval ancheF&8¥ERg OwS a pg; ddgerdm &L e nenory
el ement. " mehotry array, whilst Figure 9(B) shows a'structural
sectional view taken along the line A-A' in Figure 9(a).
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 p-type semiconductor

substrate 1. : ' ' ' ﬁs&kx

15 Word lines W, to Wy 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 Wﬁ to Ws form

the control gates of semiconductor non-volatile memory

F_toPF s and F
“n+ n

20 ! elements F , to F 22

n+21’ "n2 to Fn+

3 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 whica is
not covered with the field oxide film 2 and the word
lines W, to Ws,'n+4type semiconductor regions to be

30 ~ used as the source and drain regions of the semiconductor



As shown in Figure 2(B), the wite-down circuit is of the type wherein the s

out put M SFET [err] etc. arranged on the high voltage side are controll ed-: ."7

by the logic circuit which operates undeé the low voltage V 5-
Ther éfore, ,the wit'e-down circuit can 3al 2 De simplified and as a result
has™ a | ow power d|55|pat|on Figure 9(A) shows a pattern diagramof a

nmenory array, Mhléﬁﬁi flg(ﬁ%%§gyw€;ghéﬁ£§caH&aéeafgéﬁgﬁé#%V|eﬁ%{aken

along the line A ure

Figure 9(A), a finégiousdsrélf@rﬁédn a pattern indicated by the conbi nation
of oblique |ines ascending rightward and solid lines is fornmed on the
surface of a p-type semi conddcsenricenducteor negion R, WhiCh is held Word

I con I re
ext ended o ¢ he- o PueB Cuile SRy LIRS W "ind v, R ECR, PRGN (e
drawi n§. Predeterim mmés wf th hehm okvéraneﬁ:ﬁ@é rwbtéﬁ&rw; 1d Qiéléd hes

control gates of gem conductor non-volatile nenory 2 el enent s
Ferlto [err] and he °f°mm9’b[%9'ﬂ'°%1rkp$5e%fz]<;f o'\?l'gﬁ! rqem@mpeelim@:'qs ] @a‘td ng
ates as apparentpfrom es to o o) are

-grranged under then-b%htér:ﬂ‘?%g& egé /f\n+22'F| gu'Ir’lrgtg %‘g&%ﬁéu%é‘?%e??ﬁjoén
the floating gat ecorsstimtibes cthédyréferemdipetémtial DInkeR, | ddeshewd

obl i que lines desgendj nqg r In that surface of the substrate |
which is not covéﬁe- #ﬁé&F %@&Yﬂé|d oxide film2 and the word lines W to
W5, ni#t@ype sem conductor refionse niﬂ:o}ﬁgg@tor substeed #5148 Nvad & and

drain regions of the sem conductor
with a plurality of conductor layers B to B which

are made of, e.g. aluminium layers and which ail

extended in the vertioal direction in the drawing. These

-conductor layers constitute bit lines, respectively. |
15 o : The respeotive'cOnductor layers are connected
o with the drain regions of the memory elements through
' contact holes.

. By way of example, the oonductor layer Bn
is connected with the drain regions of the memory

20 - elements F a1 F - Fou Fﬁs etc. through the contact

n2’ n3’
holes CH CH and CH

4
™ In 2§e memoryBarray of Figure 9(A), a plurality
of switching MISFETs 8, to 85 are formed together with
the plurality of memory elements.
- 25 | By way of example, the switching MISFET S1
is formed from a source region 1081’ the word line W1
. and the semiconductor region Rﬂ, and the switching
| MISFET.S2 is formed from the semiconductor region Rﬂ,
D - the word line.Wé and a source-region‘10$2. Further,
30 the switching element S3 is-formed from the source



nghvol atile nenory el ements and semi conductor wiring regions are formed. A
'\,_onductor region Rl which is held between the word lines [err] and

/1. and which is extended 5 in paraIIeI wi-th these word lines
[err] and [err] is used as the conmon urce region of the‘nmenory el erreqys_'
[err] to 21 n2 nFo .22 Th €hi conductor region [err] :
constitutes the reference potential line RL as shown in Figure 2(A). 10 ¢

The seniconductor substrate 1 is overlaid with a plurality of conductor
layers [err] tredimn [10y),clther evoratid infe W, andilaindenicondyetcr arsgidi ch
are extended in the verttcal direction in-he draw ng. These conduct or
| ayers consti tF& e bit lines, respectively. 15 The

respecti ve conduct or Iaym w Mt pibid) t 1l glé)n% .‘8{
menory el ements through cont ?cv{i o-ggwgkmy§off%<gém® %e uc 3)r
Iayer B n is dedonging via lonehsedr aith worsl diinend W Cé]arma )haBﬂa their
nts [err] er&;;r]‘:leeri |, Ierr [err etc. thrdugh the’ contact holes
[err] r‘#ﬁ @arqlﬁrﬁm , Ysay of Figure 9(A), a pl ura: ! Ey 011:
svmtchlng M SFETs [err] tme[qrr HE ior.ﬁméj Hﬁ% éﬁ'ﬁ’f% rality o
menory el ements. 25 y way o a # e switching

M SFET S is f(fmdf ﬁmtmﬁ@mﬂo@@mqm egitdres ré fami Ej h]e
or ne rom

he sem condudir SPUGEER P Ahe va-tiiiiaa MSHRTE, AT, dastnasted im0
Further, 30 earth lihe metwgﬂ Ytact NoAdL MEdnd YR 159y Ce 3
10 GND can be formed in parallel with the bit lines, and '
. : can be made of the aluminium wiring layere similar to
the bit lines. . Accordingly, the gates of the
- switching MISFETs can be formed by the patterning step
-0f the word lines,'and the earth line for the switching .
15 MISFETs by the patterning step of the bit lines. hd
EE | The semiconductor regions constituting tne
switching MISFETs can be formed without affecting the
regularity of the pattern of the memory array.
Therefore, this embodiment has the advantage that the
20 switching MISFETs can be inserted in any desired parts
- of the memory array portion. Moreover, the density
of integration is not affected.

o ~ These semiconductor 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 leak__age currents as stated previously.
Therefore, the switching MISFETs of this embodiment
© 30 are not provided with regions such as p++-type regions



-53- region [err] the word line W and a senmiconductor region [err]. The

swi tching M SFETs, for exanple, [err] and [err] belonging to-one set of
word lines W and W haye their 2 35 source regions made >
commn,’ The drains 'of the switching M SFETs are forned fromthe

sem ¢onducté4r regions Rl, R2, R3 etc. The sources of the switching M SFETs

are connected to an earth line GND throudfh tontact hol es. The earth |ine
10 G\D can be forned in parallel with the bit lines, and can be

~made of the al upbpi NiIYM £pe6d | wyLE&-doWh!| whitR 4Pe Bttah§é@Sin the .
Accordi ngly, the ga%estof thf S“‘tChhﬁg N%SFETf qan be.fornﬁd béﬁthe
patterning step>8P° FhAtRoP R FRAR TP ahT 1 ARABAPE LALFREEEBR PhetR%i tching 15
M SFETs by t he pemtrynebemente. of ThéeswitchingsMISABTsepreventiver regi ons’
constituting thgesygkching. n i ting the
regularity of tﬁg %g t%?%ggéifﬁ%g%%ﬁgr§9g¥%§§gegﬁ2%%$g§%,9%%?% enbodi ment
‘has the advaft agentahsothe egtensivelysappthedgt™ EPROMs cuhiel jnserted in

any desired parésipDbytfém Yeméhey PpPovicad wibthrgeVETT-thigedensity of
integration is not.affected. These sem conductor devices can be formed by
-t he seni conduct 5F9h8Ruf act uri ng net hod descri bed 25 . before. The

reason why such switchi ngAtt&k€isnaie darawnged burthpphﬁﬁ@tﬂomrrayhporFion
e S0Pt ching WERERTORs) SRV h capia fo slatadariebobtly TIGTTIoL
regi ons suchl@sap e1g9§§1¢@bl5ngr9grammable read only memQry
including: c
(a) at least one non-volatile memory
element which has a floating gate electrode and a
control gate electrode; and
15 (b) a pn-jﬁnction element having a
junction which is similar to the drain junction
o 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
20 on the basis of the breakdown voltage of the
pn-junction element.



for high speed wite-down which are arranged in the substrate surface
® channel direction of the nenory elenents. The switching M SFETs _
gventive of the channel |eakage currents as stated above—5—can al so be
extEnsi vely applied to EPROMs which enpl oy nennrl el ements provi ded wi tigmn

p ++-type region. Attention is drawn t ur Appl ﬂm m”mHm&B |n z.a,
e read ¥
me

which.there is clained in claim1, 10 electrl
noMy el esrent whi ch

only nmenory including: (a) at |east one non-vol atil e
has a floatingyagime, el ectrode and a control gate electrode; and 15

(b) a pn- JUﬂCtIOﬂ el enent having a junction which_is sinilar to the drain
junction of tHMe non-vol atin elestmigadlyneRrograBabiecresd #nd¥ t e- down

vol tage to be aﬁplleq glt e drain of the non-volatile nenory el enent being
det er ni ned 20B§AFHe B¢ *t he breakdown voltage of the pn-junction

el ement . 55 CLAIMS. 1(a) a firdt oload niiewl;l y progranable read only
menory including: (a) a first word:-line; (b) a plurality of non-volatile

nenory el enents, each ha%bﬂg soplawaldityi wfamencyielehile memory
elements, each having source, drain and control
electrodes, the control electrodes being connected in
common to the first word line;
(¢) a first switch MISFET having source,
drain and gate electrodes; and | |
(a) .a source of referehce potential;

"at least one of the source electrodes of
the plurality of non-volatile memory elements being
connected to the source of reference potential through
the drain-source path of the first switch MISFET, the A

gate electrode of the.firét switch MISFET being -

connected to the first word line.

2. An electrically programable read only
“memory according to Claim 1, wheréin’séid source
electrodes of the plurality of non-volatile memory
elements are connected in common to the source of
reference potential through the drain-source path of
the first switch MISFET.

3. An electrically programabie read only
memory according to Claiﬁ 2, further including:
(e) a second word line;
_ (f) a second plurality of non-volatile
memory elements, the control gates of which are
connected in.comﬁpn to the second word line; and
(g) a second switch MISFET; wherein the



1}

el ectrpdes, the

: control electrodes being connec;ggj%}jﬂﬂﬁﬂﬁLLLLlhe first .
word line; (c) a first switch M SFET having sou ,_drain and gate -
. ;’~and (d) a source of reference potential; at f f[h
source el ectrodes of. the plurality of. non-volatil m mg‘“m‘l bei ng
L

- el ectr odes” ~and

connected to the source of reference poted®ial thr

as n-*sour ce

path of the first switch M SFET, the gate electrode*of the first switch
M SFET bei ng connected to the first word line. 2. An el ectrically

programebl e reacssuboe mwm@rafnauéos&mnﬁmtﬂ@y%f%&éourCe

el ectrodes of the E urality of non-volatile nmenory el enents are connected

in common to thev

ke anemmre&merpbs care atonhected imecammom-swurce

Paad only firs.tt' c\é%)?%%ﬂ?% %??ﬁrﬁcef%??%%iﬁﬂc%@%’gr a;"g‘l’:n%Elolewor.d

read only nenory

line; (f) a secossiufdelRith Yo tHONse@brid | 4w ERNMISPEEBENS gd 18 control

gates of which are connected in common to.the second wor d I|ne and (g) a

el ectrodes of t
connected in co

- second swi tch M@F@fbf%r@ r‘the]esecon$$WitCh MISFET being\/lcdimeétexbur ce

2o Yot rond oFinde Gnd CURG A BHITE SXe bRRRR R o ai

source path of t#ie ol el tite Meddad dherard eéquﬂx%nﬁétﬁ@ second

switch M SFET b
el ectrodes of

ei ng connected to the second mord ine, and t source

- memory elements and drain electrodes of said first and said

second switch MISFET being connected in common.

4. An electrically programable read only
memory according to Claim 3, wherein the source of
reference potential is earth potential.

5. 'An-electrically.programable read only

(e

- memory according to Claim 2, further including:- .

-(h) n additional word lines;

(1) n additional plurality of non-volatile
memor} elements, the control gates of n respective
sets of the plurality being connected in common to
the respective n additional word lines; and
- (3) n additional switch MISFETs; wherein

the source electrodes of 2 respective sets of the

non-volatile memory elements are connected in common
to the source of reference potential through the
respective source-drain paths of the respective n

-switch MISFETs, the gate electrodes of the respective n

switch MISFETs being connected to the respective:

'n word lines.



the first and the second plurality of non-vol atWand

«dr 27\ el ectrodes of said first and said second sw bei ng .
co ted in common. 4. An el ectrically programabl e nly
e “according to Claim3, wherein the source of mﬁ“ﬁmm@a%“)l al &J7
earth potential. 5. An el ectrically progr anH I"y* menor y
according to Claim2, further including:57(#) n addrtional word 1ines; (®)
n additional plurality of non-volatile nenory elenents, the control gates
of n respective sets of the plurality being connected i-n comon to the

respective a adgitional del é icé‘]ﬁ'ﬁy YogPaméiBibi pEAE &MLy Cheré

V\ﬁ:ci : (% leETS;
wherein the source el ectrodes of n respective sets of the non-volatile

menory el ement sconstracoed tand | arcanged to operstersebstantiallncas

potential throygh the respegtiye sgurce-.drain paths of the respeciive n

switch M SFETsﬁ??ﬁ%P%aé%s&'&?Jo gho? efﬁﬁ‘*?@%pﬁﬁtﬂ’g ﬁssg}i‘&ﬁ é?%Ts
6 An

bei ng connect ediﬁotﬁ@fﬁé y ¥8g "arevEngsDes. - 57 -

el ectrically programable read only menory constructed and arranged to
operate substantially as herein described with reference to and as
illustrated in the acconpanyi ng draw ngs.




