1- . 2103880 NONVOLATI LE MEMORY DEVI CE BACKGROUND OF THE égéf
| NVENTI ON The present invention relates to a nonvolatile nmenory device such
as ak_EPROM (erasable and elect- 5 rically programmable ROM. In an EPROV
menory cells nmade up of double gate construction MSFET's (netal insulated
sem con- ductor field effect transistors) having a floating gate and a
control gate are arrayed in the vertical _1Q and lateral directions. nt r ol
signal s based on address signals to the X decoders are sel egt%ﬁegﬁ% lied
to the control gates of the menory cells in the X direction through a
common word |ine, and control signals based on address signals to the 15 Y
.decoders are selectively applied to the drains of the nenory cells inthe Y
direction through a cormon bit line, to thereby performthe witing and
“readi ng oper at i onNONVPLARLLE JEEMORE tPE¥ICGH EPROM a | arge anount of

el ectric power is consuned || perlﬁheral 20 circuits such as decoders are
constitutedlﬁﬁQﬁQ§qyﬁQ;Q§uﬁﬁBéﬁﬁ XMave the sane conductivity type. The

i nvent f th t i i i h fo h tt t d th
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memory device such as an EPROM (erasable and elect=-

5 rically programmable ROM).

In an EPROM, memory cells made up of. double
gate construction MISFET's (metal insulated semicon-
ductor field effect transistors) having a floating
‘gate and a control gate are arrayed in the vertical

| .10 and lateral.directions._ Control signals based on
‘ address signals to the X decéders are selectively
applied to the control gates of the memory cells in
the X direction through a common wor& line, and
control signals based on address signals to the
15 Y decoders are selectively applied.to the drains of
the memory cells in the Y directidn through a common
bit line, to thereby perform the writing and reading
operations. In the thus constructed EPROM, a large
amount of electric power is consumed if peripheral
20 circuits such as decoders are constituted by
MISFET's whose_éhannels”have the same‘coﬁdUCtivity
type. The inventors of the pfesént invention
therefore have attempted to reducé the power consump-
tion by constructing the peripheral circuits using

25



CMOS (conpl enentary netal oxide sem conductor) FET's. Through their
study, however, the inventors of the present invention have found
that if the 5 peri pheral circuits are nmade up of CMOSFET' s, an N—chdﬁdel
M SFET of the depletion node which is used as a resistance elenent in a
pull -up circuit which is connected between the word |ine and the power
"supply terminal Vpp for charging the wor*d line, pernits a 10 | ar ge
amount of current to flow fromthe word line into the. -X decoder-
particularly when the data is to be read, and nmakes it difficult to achieve
t he obj ect of reducing the power consunption. More speci- fically, a
transfer geMeS((tSEELenfentzrytomeal odxide sembdenduolasdt ed bet ween the X
decoder and the word line on a non-selected line is rendered conductive
when the dBER'Ss to be read. . Therefore, a potential difference equal to

the reading voltage (Vpp = 5 volts) appears across thﬁgrESi t% . However,
since 20 t heTRIFSRER itheinstpdy) hopeven.cui FARaNYCREAFF Pdsitf8Fance,

CLeoL L1 CHLLSR Tl 00, LSyl pover sUPRLYLeLg1 gl Vbp [0 the X
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N-channel MISFET of the depletion mode which is used
as a resistance elément in a pull-up.circuit which is
connected between the word line and the power supply
terminal Vpp for charging the word lihe, permits a

10 large amount of current to flow from the word line
into the X decoder particularly when the data is to
be read, and makes it difficult to achieve the W,
object of r_eduéing' the power consumption. More speci-
fically, a transfer gate (MISFET of the depletion.

15  mode) connected between the X decoder and the word
line 6n a non—selecfed line is rendered conductive
when the data is to be read. Therefofe, a potenfial
difference equal to the réading voltage (VPP =5
volts) appears across the resistor. However, since

20  the MISFET in the pull-up circuit has a small
fesistance,. electric current easily flows from

' the power supply terminal Vpp to the X decoder via the

MISFET, word line and transfer gafe._ The current flow
through each word line is about 10 pA,

25  Therefore, a current of about 5 mA flows as a whole.
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- 3-. The sane phenonenon al so appears when a M SFET of the depletion node is -~
used .as a resistance elenent in the pull-up circuit on the side of the Y
decoders. Nanely, extra current flows into the Y decoder when 5 the data
"is to be read, resulting in an incfease in the consunption of electric
current (electric power). To reduce the consunption of current when the
data is to be read, and to reduce the CGﬁEUnption of electric power by the
EPROM one can attenpt 10 ©~ to reduce the ratio (WL) of the channel width
of the M SFETs to the channel |ength, such that the drain current is
reduced. To achieve this, however, the-only nethod is to increase the
channel | engfhespaBe Phenomanes adsh h2BRRASE béred Ped MESFETncrease of

t he channel 15 'Igg th, however, results in an increase of the area of

the M SFET afd #Re efilen dade (6 (YR rat 2 t FRSHRTRREE nebPM§ Hensel y.
e et o SOkl B AOSEI | S et of 0 S DU St UG U5 o
Lt end of ReRe"o 8RR TR Sef S B0 TP Bl Bk e nee [
1,715 JSLH BRECRE SR Seadist I 100 AgReN0R £ o5 oo
' the consumption of electric current (electric_power).
To reduce the consumptiqn of cufrent when_the
data is to be read, and to reduce the consumption
of electric power by the EPRCM, one can attempt
10  to reduce the ratio (W/L) of the channel width of the MISFETs
to the channel length, such that the drain current
W, is reduced. To achieve this, however, the only method
is to increase the chaﬁnelhlength since fhe.qhannel
width cannot be so reduced. Increase of the channel
15 iength; hqwever, results in-an increase of the area of
the MISFET and makes it difficult to integrate the
device highly densely. ' _ '
_ The invenfors of the ﬁresent invention theréfore_-
have studied to use a P-channel MISFET of the enhance-
20 ment mode as a resistance'element instead of the _
N-channel MISFET of the depletion mode. In this case,
the current could be prevented from flcwing_ihto_the
non-selected lines when the data was being réad;
However, use of a writing voltage V?P of as great as

25 25 volts or 21 volts during the writing operation



1@¢ invited the occurrence of a | atch-up phenonenon causing the elenents to

€y damaged. That is, parasitic trans- istors of the PNP- and NPN-type
formed by the di f f usi on regi ons, semnm conductor substrates and wells 5 f
the N-channel M SFET and P-channel M SFET, and a PNPN thyristor structure
s rendered conductive (occur- rence 0 Iatch up phenonenon) by the

Darasitic i ?’Z‘ﬁii';- SRR e R L e TR i R

provi des a
arranged su
havi ng 15

'substantial

0] G €sTEBObYE HEKAFRAO TS UL, DLtV phnyard Iines

y para I'n~a pre eterm ne rection and each
asédfﬁof”@hé”ﬂl@-%%”‘ihﬁ% yoe Rird @dztzﬂéd)fb)blﬁhé' nes arranged

y par al so as to traversé said word lines; a nmatrix of

“nonvol ati | thi/oﬁefsglaﬁﬂcb@hﬁ%dﬂﬁiidﬂdiu@dbéﬁ/ﬁéﬁéé&HHC’W@IP@' r of said

- word and bit 20 |lines

erein each said nonvolatile menory cell has a

controls gatef ellestnedhanhet hMISFRIRINE P-wHanreY MESFEE) yakd gb vol t age for -
a witing operation or a relatively |low voltage for a readi ng operation,

- sai d gate RNBN othytristovdetiraiciyre dat riawldrned momhicti v (octhe-
correspondi ng word_line;
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rence of latch-up phenomenon) by the para51t1c trans-

istors belng trlggered by a h;gh voltage applled to

‘the parasitic transistors.

SUMMARY OF THE INVENTION
The preseht'iﬁvenﬁion'profides a nonvolatile
memory device comprising:

a plﬁrélity of word lines arranged substantially .
parallel in a predetermlned dzrectlon and each having 'k%
a first end and a second end; .

a plurality of bit lines arranged substantially
parallei éo as to traverse said word linesé

a matrix of nonvolatile memory cells associated

individually with a'unique pair of said word and bit

lines wherein eéch'saia nonvolé:ile membry cell has

a control gate electrode whi¢h is supplied with a
felativelyuhigh voltage for a'writing operation o;.

a relatively low.voltage for a reading operation,lsaid
gate control eleétrode béing electrically_conhecﬁed

to the correspohding word line;



"-4a- decodi ng nmeans, coupled to the first ends of said word lines, for ;E!
supplying a signal selectively to said word lines; a termnal and voltage
applying nmeans for 5 selectively applying to said termnal a first
~voltage during the witing operation_gf said nonvol atile nmenory cells and a
second voltage |l ower than said first '3rtage during the reading operation
of .said nonvolatile nmenory cells; and 10 ' a plurality of

resi stance el enents CSQ@S&EF&Q h%%gxesm iéﬁ{ﬁ'}ethet%f%esaffj%ss@@ﬁ'&'sends. of said -

word lines and said termnal,’ sai d resistance el enent’s belng conposed of a

pol ycryst al L gl i L meOr ifqﬁ oS 1Al g 1S o ' . d over
an i nsul at |ér>1fgn$|afﬁq ?geaogag%émf?gﬁ u [@Pﬁgﬁgﬁﬁi{ﬁédlﬁ%{ﬁ%ﬁ{/ﬁgm
resistance geg®id Ho8sa213aLE;0l el ectrode, so that it can exhibit a large
resi stance when data is to be read in order to restrain the reactive

current, and exhibit @ ¢€8ehlinadsiafi@ ] tge WPl WHHP idard ferwitten in
order to increase the charging speed. The i1 nvention al so provides a process

for pr@ucisglectivebpvappliviagmumwgaideterafinal aBRifs DR REAFe ON OF THE
DRAWNGS Fig. 1 is a diagramof an equivalent circuit of an EPROM
during the writing operation of said nonvolatile memory
cells and a second #oltage lower than said first véltage
during the reading operation of said nonvolatilg memory
.cells; and |
10 a plurality of resisténce elements connected
respectively betwgeh said second ends of said word |
- lines and said termihal, said resistance elements being
domposed of a'polyérystalline Silicon film ar_a.single_
crystal silicon film formed over an insu@atiné film
15 on.a semiconductor substrate. |
Preferably, each resistance element has a
control electrode, so that it can exhibit a large
resisﬁance_when data is té.bé.read'in order to restrain
the reactive current, and'exhibit_a small rgsistance
20 when data is to be written in order to increase the
charging speed. | |
The invention aiso pro&ides a process for

- producing such nonvolatile memory devices.



égﬁcording to a first enbodi nent of the present invention; Fig. 2 is*a plan

‘ew showi ng a portion of the nenory 5 cells and pull-up circuit inghe
EPROM of Fig. |I; Fig. 3 is a sectional view of which portion Aillustrates

" a part along the line X-X of Fig. 2, and  portion Bil- lustrates a
. part of peripheral circuit elenents_cEigs. 4A to 4F are sectional views
illustrating the steps 10 for producing the nenory cell portion A and
~the peripheral circuit elenment portion B of Fig. 3; Fig. 5is a sectional
'view showi ng a_second enbadi nen % ge present invention; Fig. 6 is a
£ R

di agBRAEET DESCRIR DAY R cTF an EPROM according to a third
nbodi t ,of th ' t o | . EI ' 4 ]
bortion of i hibrd, CIATERN O AN eflenleht, BikoRle  phi AN B
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peri pheral,.cj r guist; ?1%[}; s &, O \.1;0,9 Seolr GhRl menM
b1l ustrat h’fgt (k?g 5 ?p or's‘ﬁ?%%uiﬁlﬂgﬁ?ﬁeang%?gocel | portion A 25 and
the pghiighand guinCiy &les®pe pertheneBrol bEgFi&. 1; Fig. 10 is a

sectional view'showi ng a fourth enbodi nent of the present invention; Fig.
11 is a gragh $hQw ng debeismilavien bftwhégh portion A illustrates
a part along the line X-X of Fig. 2,_ and portioh B il-
lustrates a part of ?eripheral circuit elements;

| Figs. 4A to 4F are sectional views illustrating the steps
for producing-the memory cell porﬁion A énd the peripheral -
circuit element portion B.of_Fig. 3; |

Fig. 5 is a sectiénal view showing a second embodiment of
'the present inQention;. | |
Fig. 6 is a diagram.of an eéuivalént:ciicuit éf

an EPROM according to a third embodiment of the present

- invention; | |
Fig: 7 is a plan view.showing a.poftion_of the
memory cells and pull-up circuit in the EPROM of Fig;'ﬁ;
| Fig. 8 is a sectional view 6f_which portion A illus-

trates a part along the line X-X of Fig; f, and

portion B illustraies a part of_peripheral_circuit_
élements; |

Figs. 9A to 9F are sécﬁionél views illustrating

the.stéps for producing the memory cell portion A

and the peripheral circuit element portion'B_of Fig. 8;



the gate voltage and the drain current; 5 Fig. 12 is a sectional @

view-illustrating a fifth enbodi nent of the present invention; Fig. 13 is a
sectil\gnal view which illustrates a sixth enbodi nent of the present
i'mvention; Fig. 14 is a sectional viewwhich illustrates a 10 sevent h
enbodi nent of the present invention; Fig. 15 is a sectional view show ng an
eighth enbodi nent of the present invention; Figs..16 to 19 illustrate a

ni nth enbodi ment of the present invention, wherein Figs. 16 and 19 are 15
plan views of pull-up resistors, Fig. 1ligis a section view show ng nenory
cell portion A and peripheral circuit el'enent portion B. and Fig. 18 is a
graph showi ng t heFigl al®obsbat s@eiohdle viahe sholwiiage aafdurtth drain current;

20 Fig. 20 is a sectional view showing a tenth enbodi nent of the
present invesmbodimeny. o21the presentohnventéenshowi ng an el eventh o
enbodi nent. of the _present invention; Figs. 22 and 23 illustrate a twelfth

enbodi nent 25 Bigt hbl ptesangrapheghpuing the. relajtion pedwesnew -7-
showi ng a menory cel | (gi)'rtion, i\nd Fig. 23 is a sec- tion view show ng the
“menory cell t83ke VehtrgR 2R FRReHERLIR| FURFEREFement portion B. :

5 Fig., 12 is a sectional view illustrating a fifth
embodiment of the present invention; |
" Fig. 13 is a sectional view which illustrates a
sixth embodiment of the pfesent invention;
Fig, 14 is a sectional view which illustrates a -
10 seventh embodiment of the present invention;
| Fig. 15 is. a sectional view showi.ng_'an eighth
U embodiment_of-tﬁé.present invention; o
_Figé._ls to 19 illustrate a ninth embodiment
| of the present invention, wherein Figs. 16 and 19 are
15 plan views of pull-up resistors, Fig. 17 is a section
View shbwing memory cell portion A and peripheral
circuit element portion B, and Fig. 18 is a graph
showing the relation between the gate voltage and
the drain current; |
20 Fig. 20 is a sectional view showing a tenth
embodiment of the presSent invention; -
| Fig. 21 is a sectional view showing an eleventh
embodiment of the present inventidn; .
Figs. 22 and 23 illustrate a twelfth embodiment

2‘5 of the present invention. Fig. 22 is a plan view



IQEECRIPTICN OF THE PREFERRED EMBCODI MENTS 5 Enbodi ments of the s

. present invention adapted to EPROMs will now be described in conjunction-
with the drawings. Fig. 1 shows the circuit setup of an EPROM accor- dived
“to a first enbodi ment of the present invention. 10 The nenory cells.are

arrayed in the vertical and lateral directions, being made up of double
gate construction N-channel M SFET' s [err] to [err] having a floating gate-
and a control gate. Common word |ines7err] 15 [err] connecting the
control gates, and comon bit lines [err] connecting the drains, are

arrayed adinei ' i or f TatE % &yl of each
word |i necgi S f%%e@%'gﬁf%c%%lfﬁgggﬁgf %%Ega\%wgz(?e)&seg%n node transfer
gates 20 +tjde'FierNshéEngt HRE MABAST§’ eTRNPOFHIGN A AnAOWRe SUPPl Yy

term nal Vpp via high-resistance elenments [err] which constitute pull-up
circuits fperiftesaoed feuier dLémens. pdpeiondByi dual bit lines are

connected to a reading circuit RC and to a witing 25 ci-rcuit WC through
a conmmon [MESCRATRITON: GIM THBI PREFERRED EMBBEINEN@Sr] Further, gates of the
FET's [err] are connected to a'Y decoder Y-DEC via transfer gates QT
Tm * 5 Further, Bmbpdiments of the present invention adapted to
EPROMs will now be described in conjunction with the
drawings. _ o _ R
Fig. 1 shows the circuit setup of an EPROM accor-
ding to a first embodiment of the present invention.
10 The memory cells are arrayed in the vertical and
lateral directions, being made up of double gate
construction N-channel MISFET's (QMl_l, —— QMl—m)

to (Q

Mol - QMn_m).having a.floating gate and
a ¢ontroi gate;' Cdmmoh_word lines Wy, W,, ——

15 W, connecting the control gétes, and common bit
lines Dl’ ——————a Dm connecting the drains, are arrayed
across each.other in the form of a matrix.
One end of each word line is .connected to an
X decoder X-DEC via depletion mode transfer gates

20 QTi’ —— QTn’ and the other ends are connecfed to
a power supply terminal VPP via high-resistance
elements ry, ====— Ip whiéh constitute pull-ﬁp_circuits
for charging the word lines. The individual bit lines

are conmnected to a reading circuit RC and to a writing

25 circuit WC through a common bit line via switching



resi stance elenents [err] .of the pull-up 5 circuits are connected
bet-ween t he power-supply terminal Vpp and the points where FET's [err]
[err]\and transfer gates [err] are connected together. In order to reduce

the consunption of electric 10 power in this EPROM the peripheral

circuits such as decoders X-DEC and Y-DEC, reading and witing circuits,

are all constructed using CMOS tranS|s%ors Here, attention should be given

to the fact that high-resistance polyciystalline_silicon filnms have 15

been used, instead of the depletion node MSFET's, as the resistance

el enent's [err] - [err] in the puII-up circuits connected to the power

supply ter miMEsFiTs @hi h-2ppli @3 a hireh-tld ag@ted of the FHIMs operation
of the EPROM wi I T nowhé descri be® Wen data is to be witten, a hi gh

vol tage (forQ aﬁ;arr-pl-e?-m vohie) cofneRiadetd @ thelduoshir SYHORY term nal

Vpp. Wen d Is to be Pead, . a | ow vol t age (for exanple, 5 volts) is
applied. OwiaetPansfept gaﬁ:elsaﬁclk 't,he-—vai~ ‘ar odtuxethemm, thieghwerd | i nes
-9- connected to the output side of the X-decoder X-DEC is set to a high
level of, foresiksibanee efe@Eniis\AM‘g_r\ st re+may, 'acd siieeq@udd,-umd is set to a

| ow leggl(ﬁclrcults are connected between the power-supply
terminal VPP and the points where FET's QSl’ —————
QS and transfer gates QTl y ——— QTm' are connected
together.
In order to reduce the consumption of electrlc
10 power in this EPROM, the peripheral circuits such
as decoders X~-DEC and Y-DEC, reeding and writing
N circuits, are all constructed using CMOS transistefs;
Here, attention should be given to the fact that
_ high;resistance pol&erystalline silicon films have
15  been used, instead of the depletion S
mode MISFET's, as the resistance elements rl; ——
rps T, === r' in the pull-up circuits connected
to the.powerlsuppiY terminal VP? which applies a high
voltage. | |
20 The operatlon of the EPROM will now be descrlbed
When data is to be: wrltten a hlgh voltage (for
example, 25 volts) is applied to the power supply-
terminal Vpp. When data is to be read, a low
voltage (for example, 5 volts) is applied. On'the._
25 other hand, the voltage produced on fhe word lines



.or exanple, 0 volt when the lines are not selected. 5 The write
abl e voltage [err] applied to gates of the depletion-type transfer Qg;es
consisting of MSFET's [err] is set to the high level of, for exanple,
“volts when data is to be read, and is set to the low level of, for exanple,
0 volt when 10 data is to be witten. The witing operation wll now be
“described. Wen word line Wis selecPed with a high voltage of, for
exanpl e, 25 volts being supplied to the power supply term nal Vpp, the
transfer gate consisting of 15 M SFET QTl is rendered non-conductive.

Therefore h?% BieeTs) Iy e e'_ line [err] In
this case, | #ﬁgvﬁcﬁl ng %ﬁ%@%aﬁfbgg% %e&%é?dép V\@Eg Y decoder
Y-DEC, a yal tseqe t@f al%hi) tlse\*éla&@“féirt&c ragn hgnaRMOry 20
cell [err] fromthe mm|¥?%g circuit’ WC. Fbﬁ%@ﬁlg esdg§%t%sﬁagﬁtten on the
menory celthel @inles ldatee sdle BN Rt wtﬁtowsasmogle{,eiﬂ SEET' s [err]
[err] are rendered conductive, and the non-sel ected word [1nes [err] assune
the ref er foce elkampllel50 volyy aieh el DinedNawe| idgeséBedprlied to contro
--10- gates of the nmenory cells connected to the non- selected word |ines.

The Peadi ng op@h&twwntaIdnahinlyakhEgHITﬁxhpplied to gates of

the depletion-type transfer gates cons;stlng of

MISFET's QTl’ = Qp, is set to the high level of,
for example, 5 volts when data is to be read, and is
set to the low level of, for éxample, O volt when

10 data is to.be written.

The writing operation will now be described.
When word line Wy is selected with a high voltage of, U
. for.example, 25 volts being supplled to the ‘power

| supply terminal VPP; the transfer gate consisting of -

15 MISFET QTl is rendered non-conductive. Therefore,
the high voltage (25 volts) is applied to the word
liqe Wi. In this case, if the switching MISFET QSl
has been selected by the Y décoder Y-DEC, a voltage
of 12 volts is.apPlied'to the drain bf.thé memory

20 cell Qyuy_y from the writing clrcult WwC. 'Hence; the
data is wrltten on the memory cell Qg 1 .Here,
the transfer gates consisting of MISFET's Qpy,y ===
Qp, are réndered gonductive, and the non-selected
word lines WZ’ -—éf- Wﬁ assume the reference level

25 (ground level). Nd voltage is applied to control



"A I ow vol tage such as 5 volts is applied to the power 5 supply term na‘ :
Vpp.l The output of the selected X decoder is set to 5 volts. Wen the word
ling_ Wis selected, the source voltage of the MSFET Q Tl assumes 5 volts
‘and, hence, the transfer gate QIl is rendered conductive. Consequently, the
vol tage 10 (5 volts) of the X decoderdi@ supplied to the word line [err] -
When the switching M SFET Q51 is sel ected* by the Y decoder, on the other
hand, a voltage of 5 volts is applied to the drain of the nenory cell [err]
15. through the reading circuit. The reading operation is thus carried
out . \Wen data is being read, the _non-selected word |ines [err] assume the
ref erence | &ades  §foth@ I“@MI)Y quﬁ-st iannagiked 549 e d@Prtirrent flows from

20 t he po ply tecm nal to the non-selected word lines-[err]
via the pU|FW§ﬁC&@§I§¥ The resistors [err] nust there- fore have

i S8 S A S A e té"ei Adyesbag provide
gfe.t-aihle \I/E\npth re erenc?‘l‘g% |gs af ?‘&%él.eﬂsg oév\disn%#w Sﬁ‘&lécglegsl ?or |
the thsee Weignly terminal Vpp. The output of the selected X
_decodér is set to 5 volts. When the word line W
is selectéd, the source voltage of the MISFET QTl
assumes 5 volts and, hence,.the transfer gate QTl
 is rendered conductive., Consequently, the voltage
10 (5 volts) of the X decoder is supplied to the word
| line W. | | -
When the switching MISFET QSl is selected by the
Y decoder, on the other hand, a voltage of 5 volts
is applied to the drain of the memory cell Qu
15 through the reading circuif. The reading operation
is thus carried out. |
When data is beiﬁg read, the non-selected word
lines W,, ————— W, assume the reference level (ground
level). In this case, a leakage current flows from
20 the power supply:terminal Vpp to the. non-selected
word lines WZ,;---— W, via the pull-up resistors
ry, ===== rp. The resistors r,, —-=--r, mist there-~
fore have a high resistance‘. The present embodiments of
the invention prbvide resistor elements which satisfy

25 this requirement.



5@3@ lines [err] of Fig. 1, and Fig. 3 is a section view of which portron
Alllustrates a part al ong the line X-X of Fig. 2 and portion B
illustrates a part of peripheral circuit elenents. Pull-up circuits fow’
“the other word lines and resistors r 10=11=- ----- rmi are constructed in
the sane manner as in Figs. 2 and 3, and are not shown in the di agram The
menory cells are divided by field [err] fi-lms 2a formed on one nain surface
of a P-type silicon substrate 1. Further, the nmenory cell portion Ais
separ at ed fron115 : t he peri pheral circuit el enent portion B foor decoders

tc. by a field,SiC2 film2p, The ch under .the fjeld -
Fi T has been B (TRSTERST g f‘%rcrﬁ%“?egé&é?f IR FRT consi ot of

17 Cont oA f“? W hER devibe o ﬁen'*@iiolcar%poiﬂﬁ o pol v

crystalli I an aki ng gates F&, [err] conposed of
pol ycrysta |ne sr%“%éw#??fnsguéggrgthe control gates. The control gates 25

'stretch as worgd nes %@stp&il—ahdc&%hhtfsl e 2 neichddivioRPr ti ons

whi ch are not treated with -12-"phosphorus or not injected with ions
‘serwe as hijgles rw35J neﬁrmdew?naﬂtsiber&] ahd Ul -4 Ligestiion  The
‘high-resistance ts [err] .

view of which portion A illustrates a part along the
line. X-X of Fig. 2 .and ' portion ﬁ illustrates a
part of peripheral circuit elements. Pull-up
circuits.for the orher word lines and resistors ri',
10  ====- rm' are 60nstructed_in the same manner as in
| Figs. 2 and 3, and are not shown-in the.diagram. The
memory cells are divided by field SiO2 fllms 2a formed @ w,
on one main’ surface of a P-type silicon substrate 1,
Further, the memory cell portion A is separated from
1S the peripheral circuit element portion B for decoders
| etc. by a field SiO2 film Zb. The channel stopper
" under the field SiO2 films has been omitted to
simplify the diagram. The memory cells consist of
N+-type diffusion regions 3, 4, 5 and 6 formed in
20 the Substrete 1, control gates CG;, CG; and CG,
formed as portions of wbrd lines composed of poly-
crystalline silicon films, and floating gates FGZ'
FG3 and_EG4 composed of polycrystalline silicon
films under the control gates; The control gates
25 stretch as word lines onto the fleld $10, film 2b,

and their portions which are not treated with



are .therefore conposed of the sane second | ayer 5 pol ycrystal line (Eaﬁ
silicon filns as the word lines (and control gates), and N -type
po[ycﬁyétalline silicon films 7,8,9 at their ends are connected to a conmon
alum numwi ring 10 which is connected to the power supply term nal Vpp. 10

The resistor elenents [err] should have ah228l ectric resistance of greater

than 106 ohns, preferably [err] ohns, and nore preferably 10 to 10 ohns.

The resistance nust be far greater than the resistance (5 x [err] ohns) of

depl etion node 15 N-channel M SFET's. That. is, as nentioned w th

ref erence tcﬁééﬁ?§§6f&gt°9fn £gi%§8%n gnyiiﬁr&gé%ngg aepggnﬁh or [err] of

t he non-sel e ne 1s rendere ctive iS to bBe read, the

pol ycrystalli L 4d 408 ' 2 havi- aphi i si;9RCceW |1 20
pernmit only équgitsnallé%%$§%ﬁ% %3'f 5m?§%tg4t%§ gggogg?ﬂX?BEC via word

line W and tgpraustd] [BHé|hiphihesssdeneb biemEndgceder rY- DEC, the
resi.stors [err] have resistances.as great as [err] to errF ohfs, so only a

very smal | curentherefdtrovcomposdd of the samedsec¥n@ELayeponsequently,
the current flow ng . -13- into the decoders when data is to be read can

be greatdy rahiyparystalling esibicomdti Imsl asr thhawosdvdinksndaadnper es per
el ement, making it possible + _ : _

control gates),.and N =-type polycrystalline silicon

films 7,’8, 9 at their ends are connected 'to a

common aluminum wiring 10 which is connected to the

power supply terminal Vpp- ' |

10 The resistor elements r;, r,, ———- r, should
have an electric resistance of greater than 106'ohms,

10 ohms, and more preferably lO8

preferably 10’ to 10
to 107 ohms, The résistance must be far greater than
the resistance (5 x 10° ohms) of depletion mde

15 N-channel MISFET's. That is, as mentioned with ’
referencé to the circuit of.Fig. 1, when, for example,
tranSistor.QMz_lzof the non-selected line is rendered
'cpnductivé when data is to be read, the polycrysfalline
silicon resistor r, having a high resistance will

20  permit only a very small current to fléw into the
decoder X-DEC via word line W, and transistor Qu, ;..
On the side of the Y decoder Y-DEC, the resistors
ry', == r, ' have resistances as great as 107 to
10%0 ohms, so 6nly a very small current can flow into

25 the decoder Y-DEC. ”Cbnse@uently,'the current flowing



-g%?feduce the electric power consunption to a degree 5
t~

conparable with

hat of CMOS.  In this sense, the resistors should have 7 a resistance
greater than 10 ohns. The resistance, however, should not be greater tha#

“[err] ohns,
I'n the enbodi nment,
CMOS, as shown in Fig. 3,

since too great a resistance decreases the witing speed. 10
peripheral circuits such as decoders are conposed of
to reduce 1e-el ectric power consunption.

-In

Fig. 3, reference nuneral 11 denotes an N-type well, 12 and 13 denote P
-type diffusion regions, 14 and 15 denote [err] -type 15 di ffusion

regi ons,

pol ycrystal line silicon,

16 and 17 denote gate el ectrodes. conposed of .second | ayer
18 and 19 denote gate oxide filns, 20 and 21

denote [erintpi the éecodersumhatedadia tife toibBa r5rRAhI ¢ahebsi | i con fil ns,
and 22 denotes a filmof phosphorus silicate 20 gl ass. As descri bed
above, the8REaklyesrstgate asl endod g,eY] iMrdeamasterpthadf cuits of this

enbodi nent are radically different from the aforenentioned, depl eti on node

N- channel
to be

Rat her, th

5

10

15

20

25

RRERERL nangampeyRs: Pl qlfiality, MFKiNG bt FRFISPH®es not need

comparable with that of CMOS, In this sense, the

resistors Iy, === Ip, rl'; ————— rm"should have

a'resistance greater than 107 ohms, The resistance,

however, should not be greater than 10%°

too great a resiStancg decfeases'the writing speed,

In the embodiment, peripheral circuits such as decoders

‘are composed of CMOS, as shown in Fig. 3, to reduce

the electric power consumption. In Fig. 3, reference

numeral 11 denotes an N-type well, 12 and 13 denote |

P*-type diffusion regions, 14 and 15 denote-N+-type_
diffusion regions, 16 and 17 denote gate electrodes
composed of second layér polycrystalline silicon, 18

and 19 denote gate oxide films, 20 and 21 denote SiO,

films on the surfaces of the polycrYstalline'silicon

films, and 22 denotes a film of phosphorus silicaté
glass, -
As described_above, the?high-resistance elements

ry rn,_rl'_—---— rm' in the_pull-gp circuits
of this embodiment are radically different from the
aforementioned depletion mode N-channel MISFET's.

That is, the size of the elements does not need to be

ohms, since

&R, b A 50 B e 1200



and thickpess of the resistor filns) may be slightly changed or inpurities "
may be introduced by ion 5 I njection to obtain a desired high
resi &tance. There- fore, the size of the resistance el enents can .be
~reduced to smaller than one-tenth the size of the M SFET, nmaking it

possible to densely integrate the EP Ltself. 10 Further, the
hi gh-resi stance el ements rl [err] have~ A been formed on-the field SiO2
film2b, and are separated fromthe substrate 1, so parasitic transistors
relative to the elenents in the. CMOS portion B of Fig. 3 are not forned,

i.e. the 15; Ijegtts%g{;cg E{}gp?%{%gq%%eccg{}{%&fyﬁ&id/ﬂg P& e%/gnlt,gd, and t he

: inc
devi ce operates np 0 use resistors conposed of

dif1usiion T @EANS et WAPLAG qiang dordd, | nddaeybatrate

i nst ead of the above-nent’i oned esi st ance "€l enent it is at

present di f fihguithitc@niddRaidls S ird¥dor Fichis Y adpteacaL L gnlgh regi ons.
In the case of the N-type resistance regions, furthernore, a thyristor

construct i oghdagedopy Aeipliriva dsO ndye tsd dttafoduteed NP i ti on, causing the
| at ch-up phenonenon. 25 The hi gh-resi stance el ements consi st of the

-15- s8condihggertipnl tor phttalin me dsdiiresh Hil ghm resids tanc de - eBserg~f or med
W th precision without any need to _
fore, the size of the resistance elements can be
reduced to smaller than one-tenth the size of the
'MISFET, making it possible to densely integrate the-
EPROM itself, _
10 Further, the high-resistance elements ry =—=—=-

m |
'5102 film 2b, and are separated from the substrate 1,

| S rl' ==w—— 1 ! have all been formed on the field
so parasitic transistors relative to the elements in
the CMOS portion B of Fig. 3 are not formed, i.e, the
15 latch-up phenomenon-can‘be effectively prevented,
and the device operates stably. Even if one attempts
to use resistors composed of.diffusion regions or
ion~injected regions formed in the substrate 1,
instead of the above-mentioned high-resistance elements,
20 it is at present difficult to impart sufficiently
great resistance to such regions. In the case of the
N-type resistance regions, furthermore, a'thﬁristor
construction develops relative to the side of the

CMOS portion, causing the latch-uﬁ phenomenon,

25 The high-resistance elements consist of the



gﬁﬁhnge the process for producing ordinary EPROMs. This is described, bel ow
I n the manufacturing 5 process of Fig. 4. First, as shown in Fig. 4A
ani N-type well 11 and a field Si film2b are selectively formed on onss
‘mai n surface of the P-type silicon substrate 1 by diffusion and sel ective
oxi dation techni ques, 10 After a gpke oxide film18 is forned, a

pol ycrystal- line silicon filmis growm on the entire surface of the

- silicon substrate 1 by chem cal vapor deposi- tion (hereinafter referred to
as CVD), and is patterned by photoetching to forma polycrystalline 15

phosphor usSEeORd dAVEF HILIRONA St Jaral T recen | FLOS AR F8Rdoped wi t h
U SShe BIRAY R L MLUET YRR BTt BARIRLRINES 1S T
oot breihen Y prieY foh NELAR b AR ok man 62 (L1 1
Seporiony SheerssoRbsR e oyl reng isonaghurin 0 2L
in Fig. 4Bprokdse bredglggr @j.ned portion thereof is covered with an '
First, as shown in Fig. 4A, an N-type well 11
and a field SiO, film 2b are selectively formed on
éne main surface of the P-type silicon substrate 1
by diffusion and selective oxidation techniques.
10 After a gate oxide film 18 is formed, a polycrystal-
line silicon film is grown on the entire surface
of the silicon substrate 1 by chemical vapor deposi- -\)
* tion (hereinafter referred to as CVD), and is
patterned by photoetching to form a ﬁolycrystalliné
15 silicon film 23 of a predetermined'shape after it has
been treated with phosphorus (i.e. after the poly-
crystalline silicon film is doped with impurities).
The surface of the polycrystalline silicon film 23
j.ié then oxidized to form a thin SiO2 film 20 thereon.
20 The gate oxidé=film in'the peripheral circuit region
is removed and a new gate oxide film 19 is formed,
or fhe'gate oxide fiim 18 may be utilized as the gate
‘oxide film 19. |
Then, the second layer polycfystailine silicon

25 film 24 is deposited on the entire surface of the



*SI2 film25 (mask) by CvD, followed by treatnment with phosphorus. The

pol ¥crystalline silicon film5s

-tyRe, and the polycrystalline silicon filmbeneath the mask 25 renmains a
"hi gh-resi stance polycrystalline silicebé6film The mask 25 is then renoved

by etching as shown 10

24, Si2 film 20, polycrystalline silicon film23, and [err] filn118_are

successi vely subjected to

etching in the sanme pattern.. Thus,

. polycrystalline silicon filnms 26 and 27 in.the formof control gates,

pol ycrystal line 15 !
gates, and pubsdradeatl! d¥eCY¥D pSoshoammdmdighd B, iahd e form of gate

el ectrodes of ae
bot h sides BF®

20 subst
pol ycryst al

ri

R&e

silicon filns 28 and 29 in_the formof floating

heral circuits, are fornmed, and the gate oxide filns on
EBLped. POTEAOR Fhegiettod GOVATS%. Widto il 1 o expose t he

pihe. it on (mhaky” B9 EVERC 2Bl ol et S 16 on one

"side of the [
is 25 s|‘f’%‘h |

as sho in
of theggubs

¢

F o

rate

@)

24 not covered with the mask 25 becones N

in Fig. 4C, and the polycrystalline silicon film

Bh8kPBP IS, e, Pl yRe A n R fn © 05 5

4
t1

QB}rQPQdawf."‘tﬁ’QtBE' Halsk 23°% QmlRI LRk EUdd € surface .

the polycrystalline silicon film beneath the mask 25

remains a high—résistance polycrystallihe.bilicon

film,

The mask 25 is then removed by etching as shown

10  in Fig, 4C, and the polycrystalline silicon film 24,

S10, film 20, polycrystalline silicon film 23, and SiO,

- film 18 are Successively'subjected to etching in
the same pattern. Thus, polycrystalline silicon films

26 and 27 in the form of control gatés, polycrystalline

15 silicon films 28 and ‘29 in the form of floating gates,

~and polycrystalline silicon films 30 and 31 in the form

of gate electrodes of peripheral circuits, are formed,

and the gate oxide films on both sides of the poly-

crystalline silicon film are removed to expose the

20 substrate, . Through the above-mentioned patterning,

an N+-type polydrystalline silicon film 9 of a pre-

- determined pattern remains on one side of the

resistor element ru._

Thereafter, the surface of the substrate is

25  slightly oxidized by heating to form a thin Si0, film



&@ﬁ?'The.[err] filmis subjected to selective etching to form masks 32, 33
that cover the resistor 5 r4 and the well 11. By the etching which
forms the nmasks 32, 33, the thin [err] film34 is renoved except for the\s
"portions under the nmasks 32, 33. The surface of the substrate 1 and the
surfaces of the polycrystalline silicon films 26, 27, 30, 31 and 9, 10

are then irradiated with a beam 35 of aigenic ions to selectively inject
arsenic ions into the exposed surface of the substrate and into the
polycrystalline silicon filns 27, 9 that are not covered with the masks 32,
33, and it is then annealed in nitrogen. 15 Thus, N -type diffusion
regions 4, 3%, as4 shewnSimigorddd and saBt@, réflonésothdnain regions in
the substrate 1, and an N+-type silicon 36 is formed to be contiguous wth
t he pol ycr formed ea sthe antire murface ofnthej substrake N b¥ype silicon
film36 can_20 be arbitrarily set dependi ng upon the shape of the mask
32 and, heRd®. t fde S0y aé@énéfs t"r’rébg?ﬁﬁeﬁ?eg staheethBrycrystal line

Subsequent SRS RN IS H01 23 y ERF | SOESE | FREoReFEF IS 25 | on

o uni Bary St GO BNEIY He 1 or BY - EDBoeBonyERy KhiFh AeT8RI i con fi1ms 27

and 9. the masks 32, 33, the thin Si0, film 34 is removed

| except for the portions under the masks 32, 33. The
surface of the substratell and the surfaces of the
polycrystalline silicon films 26, 27, 30, 31 and 9,

10 are then irradiated with a beam 35 6f arsenic ions
to éelectiveiy inject arsenic ions into the exposed
surface of the substraﬁe and into fhe-polycrystalline v,
silicon films 27, 9 that are not covered with the

"masks 32, 33, and it is then annealeé in nifrogen.

15  Thus, N¥-type diffusion regions 4, 5, 14 and 15 are
formed as source regions or drain regions in the
substrate 1, and an N*-type Silicon 36 is formed to
be contiguous with the pochrystailine silicon films
27, 9. The size of the N*~type silicon film 36 can

20 be arbitrarily set depending upon the shape of the
mask 32 and,"hence, the resistance of the'high—resistance
polycrystalline silicon resistor T, cah be set to any
desired value. In Fig. 3 and in the subsequent
drawings, the N'-type polycrystaliine silicon film 36

25 on both sides of the high-resistance resistor r, is



THe masks 32, 33 are then penoved as shown in Fig. 4E, and a new [err] film égﬁ

I s deposited by CVD 5 foll owed by etching to form[err] filnms 36, 37 on
predeterm ned portions. Using the [err] films 36, 37 as masks, all the
surfaces are irradiated with a beam 38 of boron ions to formP -type
diffusion regions 12, 13 that serve as source or drain regions 10 in the
wel |- 11. Referring to Fig. 4F, the masks 3671837 are renoved, and the
surfaces are lightly treated with heat in an oxidizing atnosphere to form
an [err] film thereby to formgate electrodes [err], 16 and 15 17 of
the M SFET's. Then, a phosphorus silicate glass film 22 deposited on the
whol e surf aceshgwitvlonmedt s anudsdiitairyg sftatucituried midhe thel ectivel y renoved
by photoetching to form'contact_holes 39, 40. Alumi numis then deposited
on the entirdisuEyReePodycrysyaldinensddesn: ifddmsedhiagdeS. and subj ect ed

to patterning through photoetching to formalum numw rings such as bit
line [err] power s s|§a§kﬁe3§e,3§nérﬁh$hﬁﬁk€E§§V§ﬁoﬂﬁ iSEoey 1. Fig. 5

oresent | nven1&n. 4Es 2n8-arnew siBo” Edn, 1o g ER RN TR Cew of Fi g
3, but is difhe] flled "o 8tchlf LA tHEH %Eﬁgc%iilm%”%%,r 37 on
predetermined portions. Using the Si0, films 36, 37
as masks, all the surfaces are irradiated with a
beam 38 of boron ions to form P'-type diffusion
regions 12, 13 that serve as source or drain.regions
10 in the well 11.
| Referring to Fig. 4F, the masks 36, 37 are removed,
N and the 'surfaces are lightly treated with heat in an
. .oxidizing atmosphere to form an 8i0, film, thereby
to form gate electrodes CG5, CG,, FG3, FG,, 16 and
15 17 of the MISFET's. Then, a phosphorus silicate glass
film 22 deposited on the whole surface by CVD and
the underlying Si0, film are selectivély reﬁoved by
photoetching to form contact holes 39, 40. -
 Aluminum is then deposited on the entire surface
20 by vacuum deposition techniques, and subjected to
patterning through photoetching to form aluminum

wirings such as bit line D power supply line 10,

m?

and the like as shown in Fig.:B.
Fig, 5 shows the construction according to a

25 second embodiment of the present invention,



n the pull-up circuit is conposed of polycrystalline silicon of the fitst
rayer and is connected to the 5 . control gate [err] through an al ugi pum
wiring 41. Wth this construction, a high-resistance el enent which exhrbits’
- the same functions and effects as those, of the above-nentioned enbodi nent
can be ob- tained without any need to %%ange t he manufacturing 10
- processes. The manufacturing process is as follows. The polycrystalline
silicon filmof the first layer is left on the field [err] film2b in the
step of Fig. 4A, and the surfaces are selectively treated with phospho- 15

rus in the sang, nmanner asiﬂ1qﬂ&ep of Fig. 4B.to forma h| h-resi stance

polycrystallln %ﬁﬂlixﬁPRRﬂQH SAF?th?h%e§E+?ﬁc¥18V PheFp8-ydnystal line
silicon fi Qf _t first i zed, . Qe secoi golycrystal l'ine
silicon | 3% %%6?‘7%& i gh TER$LFtapce elgmen a.tter ni ng as

i1 con't 5' e a"ﬁﬁcafbcy‘eé' s %ﬂ“‘%%%%% ob ebEResvaBAREREN U That Tt
12 reper bt et e el i ot migd m e
shows  &ftridl gabe 4R Witrdulth WufPaludihiR" WRFLRY YD as a
With this construction, a high—resistance element
which exhibits the.same functions and effects as
those of the above~mentioned embc@iment can be ob-
tained withcut any need to change  the manufacturing
10 Processes, | |
The manufacturlng process is as follows, The _
polycrystalline silicon film of the first layer is o/
left on the field 510, film 2b in the step of Fig. 44, '
and the surfaces are selectively treéted with phospho-
15 rus in the same manher as the step of Fig., 4B to form
a high-resistance polycrystalline silicon portion.
After the surface of the pclycrystalline silicon film
of the first layer is oxidized, the second polycrystal-
line silicon lsyer is applied thereon and subjected
. 20 to = patterning as shown in Fig. 4C, followed by
| oxidation. In this case, the polycrystalline silicon
film of contrcl gate C64 is subjecfed'to such a
patterning that it is separated.from the polycrystal-
line silicon film which forms the resistor r, as shown

25 in Fig. 5. Arsenic_ions are then injected as shown .



mask to thereby form Nt-type regions. In this case, the high-resistance
portion [err] should be covered with a mask [err]. Then, like the step of 5
Fi-g. 7 boron ions are injected and the surfaces are oxidized, followed by
the formati on of phosphorus silicate glass filmjust |like the step of Fig.

4F. After holes through the glass filmare fornmed, alumnumis deposited by

evaporation, and alum numw rings [err}209 and 10 are forned by
patterning. First and second enbodi nents of the present invention have been
descri bed above. The above enbodi nents, however, can be further nodified

based on the i calp i r b Q. rad5 exanple, in
addition to &Tsn??gl { %Dgﬁ%%qéaﬁe@%?ﬁ y%{%‘?ﬁ n%]}pscl‘ﬁ?c%% Film it is -

al so possi bl galsk 4se thdPeyy i N UBHR UFBshd N the felycrystaltline
silicon filmas a high-resi'stance elerfent in the pull-up circuit. Moreover,

the pol ycrysicalsd ,neche Highi-ri}is tdrid anpiytivh aonvsHdEeryivdéo a single
crystal filmby the conventional annealing methdH with a | aser beam to use
the single crpstealedsimtiithorm fridsk {Si®4)i.gh-Thers] tidceetiod e . oFhe _
I nventi on can be adapted not only to“the above-nenti oned EPROM but also to
EAROM 25 Félgactsll,c dorpnaliogsalaire RON)ectesd arid the tsurfigces afd- ot her
nO”'VO'ati'eoiﬁﬁﬁ%ﬁdfsiglﬂgﬂih.ES?£§2"¥J§£2¥Eon of phosphorus
silicate glass film just like the step of Fig. 4F. .
After holes through the glass film are formed, aluminum
is deposited by evaporation, and aluminum wirings Dm, 41,
10 and 10 ére formed by patterning. |
First and second embodiments of the present
invention have been described above., The above
~embodiments, however, caﬁ be further modified based on
the technical idea of the present invention. For
15 example, in addition to ﬁsing a high-resistance
polycrystalline silicon film, it is aléo possible to
use a PN junction diode formed in the polycrystalline
siiicon film as a high-resistance element in the
pull-up circuit. Moreover, the polycrystalline silicon -
20 film may be converted into a single crystal film by
the conventional annealing method with a laser beam,
to use the single crystal silicon film as a high-
resistance element. The invention can be adapted not
only to the above—mentioned'EPROM) but also to EAROM

25 (electrically alterable ROM), as well as to any



hi gh vol tages Vpp. An EPROM according to a third, enbadi nrent of the -

present invention is described belowin 5 conjunction with Figs. 6, 7, 8
and 9A to 9F. The sanme portions as those of Figs. 1 to 5 are denoted .
the sane reference nunerals. Fig. 6 illustrates the circuit setup of the -

EPROM in which nmenory cells arrayed in,the vertical 10 and | ateral
directions are nmade up of double gate c% struction N-channel M SFET's [err]
to [err] having a floating gate and a control gate. Conmon word lines W, -
W2, connecting the control gates, and comon bit |ines 15 [err]

connect i NGl HALOTLaRE 2eARERBEY ¥2IeaS unRRAN Bl IRforid] fiind T m of 2

mat ri x. e en on one side of word lines are connected to the X

decoder )%§I§igﬁavgggggggov nde transfer gates QIl [err] and the ends on
the other side-are connec- B ted to the power supply term nal Vpp via

vari abl e- resighaperOM| 2886FEiRE to a thRrdvembodderextt tute pul | - up
circuits for charging the word I'ines. The individual bit lines are
connect eto f other prdsagtcinventtiand ilso deseriitiedy hekayuiin t hr ough a common 25
bit line via switching MSFET s [err -22- Further, gates of the FET' s
are $onnecomjunction with Figs., 6, 7, 8 and SA to 9F. e

same portions as those of Figs. 1 to 5 are denoted by

the same reference numerals. _

Fig. 6 illustrates the circuit setup of the
EPROM, in which memory cells arréyed in the vertical
10 and lateral directions are made up of double gate

construction N-channel MISFET's (Quy_j ~=== Qq1_p)

' to (QMn-l - an_ﬁ) having a floating gate and a
control gate. Common word lines Wy, W,, ————= W,
connecting the control gates, and common bit lines

15 Dy ~-—-— D_ comnecting the drains, are arrayed
across each other in the form of a matrix. ' The ends
on.one side of the word lines are connected to the X
decoder X-DEC via depletion mode transfer gates QTl

and the ends on the other side are connec-

=====Qrp, .

20 ted to the powerisupply terminal VPP via variable-
reéistance elements Ry ———— R, which constitute.
pull-up circuits for.charging the word lines. The
individual bit lines are conneéted-td a reading
circuit and to a writing circuit fhrough a common

25 bit line via sWitching MISFET's Qsl -—— Qg



&3

to the Y decoder Y-DEC via depletion node transfer. gates [err] m
Vari'abl e-Tesi stance &l enents ‘ferr] of the pull-up circuits are connected 5
bet wgen the power-supply terminal Vpp and points where FET's [err] and
transfer gates [err] are connected together. In-order to reduce the

el ectric power consunp- tion of this EPROM the peripheral circuits such as
10 decoders X-DEC and Y-DEC, reading_ggd witing circuits, etc. are al
constructed using CMOS transistors. Here, attention should be pald to the
fact that M SFET's (vari abl e- resistance elenents) [err]

havi ng a hi gh-resi stance ‘polycrystalline silicon filmas a channel 15
portion, arPuptsesk Asgdtesd SdANEife FEDESL G J;Q ----- Q.. akRe tehhbkckadt he

pull -up circuits connected to the power g pply V, SRBnstead of depl eti on
node M SFERo sthe of ahgtoddher+DED widtdgpleThon mbdé beatdeseri bed bel ow in

detail with reference to Figs. 7 and 8. 20 . F|g 7 shows pull-up
circuits fatas r'ee--wotrd Q4 pes | n view of
whi ch portion A il ustrates ‘ﬁgart & %%% ?% F%Q%% &P ?f§8 8 7. and

B ig lustratesg . | '
portion B iglw & O”%fi -Q.F% f‘ilr&ﬁfé“é & Sgﬁﬂééteiie”]

Pul | - up’ 251 C|rcuﬂ%s for nes re5|stors

[err]s are Q@Eﬁééﬂﬂﬁﬁé'ﬁbﬁéﬁiéiﬁﬁiyﬁﬂﬁﬁﬁ;ﬁél Vpp and points where -

3.

FET's QSl ===== Qoo and transfer gates-QTl' ----- QT !
ére connected together.
In .order to reduce the electric power consump-
tion of this EPROM, the pé:iphéral circuits such as
10 - decoders X-DEC and Y-DEC, reading and writing circuits,
etc. are all constructed usithCMOS'transistérs. Here,
N attention.should be paid to the fact that,MISFET's'(variable-'
QPn, QPI'_-f---‘QPﬁ'-having
a high-resistance polycrystalline silicon film as é channel

resistance éleménté) O

15 portion, are used as resistance elements Rl ----- Rn,

Rl' ————— R ' in the pull-up circults connected to the

ower suppl
p PPLY Vép

apply the high voltage. This will be described below in

, instead of deplet:.on mode MISPET s, to

detail with refereﬁce to Figs. 7 and 8.

+ 20 Fig. 7 shows pull-up circuité for the three word lines
W,, W, and W,, and Fig;'B is a Sectidn view of which
portlon A Lllustrates 'a’parti.along the line X-X of
Fig. 7, and®  portion B: illustrates a part of
peripheral circuit elements. | Pull-up’

25 circuits for other word lines, and resistors Rl'



n Figs. 7 and 8, and are not shown here. The nenory cells are divided by
ireld [err] filnms 2a formed on one main surface of the P-type silicon é_,
substrate 1. Further, the nenory cell portion Ais separated fromthe
peripheral circuit elenment portion B%3Tch as decoders by a field SiC film
2b. The channel stopper under the field SiQ2 filns has been omtted to
“sinplify the diagram The nenory cells 10 consist of N -type diffusion
regions 3, 4, 5 and 6 formed in the substrate 1, control gates C&, CG and
[err] fornmed as portions of word |ines conposed of polycrystalline silicon
films, and-$+0atRpy, garescomstiuctepgoindtbe pamgcmadn®n iase silicon 15
films under the control gates. The control .gates stretch as word |ines
onto the firlBige:rT #mndn®2bandnarehsofposhpunsherea.hed®t treated with
phosphorus or injected with_ions serve as_high-resjstance channel portions
CH2, CH a@emary oelds srre diyided B¥dfield SLOnAildiScERstitute pull-up
circuits. These MSFET's are all constructed i.n the sane _manner. For
exanple,r@QFQEd[%ﬂr?nghﬁﬂhniﬁuFF39989fb§ﬁ§i r&vee éﬁiﬁﬁ e well 42 forned

3 U8 UL e a2 AR Rysh Skt el SHGalSilulad 1 2 on Lhe el
formed  ; Hardfed "FroA BnlObYFt $AEALL | BE rRl 't ¥ dulddt Bo:%dh
B such as decoders by a field Si0, film 2b. The
channel stopper under the field 8102 films has been
omitted to Simpiify the diagram. The memory éells |
10  consist of N*—type diffusion regions 3, &4, 5 and 6
formed in the substrate 1, control gates'ccz, e
and CG, formed as portions of word lines composed
of polycrystalline silicon films, and floating gates |
FGZ’ FC3:and FG; composed of polyérystalline silicon
15 = films under the control gates. The control gates
stretch as word lines onto the field SiO, film 2b,
and the portions of them not treated with phosphorus
or injected with ions serve as high—resistance channel
portions CH,, ¢H3-and CH, of MISFET's Qp,, Qps and

20 Q., which constitute pull-up circuits., These MISFET's

P4 _
are all constructed in the same manner. For example,

MISFET Q own in Fig, 8, consists of an N-type

pys |
well 42 formed in the substrate 1 as a gate electrode,

a field SiO., film 2b on the well 42 as a gate oxide

2
25 film, and P*-type polycrystalline films 43, 44 formed



sides of the channel portlon CH as source and drain 4 regions. N -type
polycrystalllne silicon film27 which serves as a word line W is applied
to the 5 P -type polycrystalline film43, and the power supply voltage
Vpp is applied to the P+ -type poly- crystalline silicon film44. Further,
‘a gate el ectrode 45 conposed of aluminumis formed onthe SiQ2 film 21 on
the surface of the channel portion 10 [err] and on the phosphorus
silicate glass film22. A wite enable~3fgnal voltage WE, the same as the
one applied to the NNtype well 42, is applied to the gate el ectrode 45.

The polycrystalline silicon films CH2, CH3 and CH4 that serve as channel
portions arejASthe Q%Boﬁéiyﬁfx-y%ktﬁlﬁﬁ‘é 349904 o RA1 wefestal line

silicon filmas the word li1nes”(and control gates). The P-type

pol ycrystal | pge8i bifCeRefl chEhnéd @brihen CoNdasarduz@yeshgdatia comon
alum numw ring 10 which is connected to the power supply Vpp The well 20

42 is fornmedregionsuonNtetydeSEEIyeryertallane shd igognailwwlazage [err] s
applied through a cormmon alum numwring 8 via [err]-type diffusion region
7 fornmed in whichesbrvesnashaswerodiment/ psra@@é&aﬁ.mqwmhas 3 such as
the decoders gre constructed of 25 CNC& as shown in Fig. 8, so electric
power cﬁnsurﬁ)t?‘blﬁpe potgerystalline film 43, and the power
supply voltage VPP is applied to the P -type poly-
crystalline silicon film 44, Further, a géte
" electrode 45 composed of aluminum is formed on the
_ $i0, film 21 on the surface of the channel-portion
10 CHA and on the phosphorus silicate glass f£film 22,
A write enable signal voltage WE, the same as the -
Y : one applied to_the N-type well 42, is applied to the
| gate electrode 45. The polycrystalllne silicon films
CHZ’
15 composed of the same second layer polyqrystalllne

CH3 and CH4 that serve as channel portions are

silicon film as the word lines (and control gates).
The P-type polycrystalline silicon films 44 at their
ends are connected to a common aluminum wiring 10
_ which is connected to the power supply VPP' iThe.well

20 42 is formed in common for MISFET's Qp,, Qps, Qp,,
~--—-, and the signal voltage WE is applied through
a common aluminum wiring 8 via N+-fype diffusion region
7 formed in the well. In this embodiment, peripheral
circuits 3 such as the decoders a}e constructed of

25 CMOS as shown in Fig. 8, so electric power consumption

A Y



@i)S reduced. In Fig. 8, reference nuneral 11 denotes.,an N-type well,:12 and
'd8, -denote [err]-type diffusion regions, 14 and 15 denote [err]-type
di'f fusi on regions, 16 and 17 denote gate el ectrodes conposed of the 5 NS
.second polycrystalline silicon layer, 18 and 19 denote-‘gate oxide fil ns,
and 20 and 21 denote [err] filns on th@5surfaces of the polycrystalline
silicon filnms. As nentioned above, the third enbodi nent features the
construction in which high-resistance polycrystal-_ 10 line silicon filnms
[err] are formed as a common channel, and P-channel M SFET's [err] --- -
whi ch serve as variabl e-resi stance el enents, are fornmed by the M SFET"s
whi ch haveifs etefijard] fIn. Ry, Berreferengesnugesayl ddsdenpmhe®2 as gate
oxide 15 - filns. - Wen data is_to_be read, jherefere, voltages Vpp =5
volts and pay N-tyme well, skdand bb3 peneée. PantyRecAiddusdPdr is not

“induced in thé channel portions [err] 4and hence _the.drain current [err] is
subst ant i amegioRf, di% anghdl? ke %Fé*'TgYEG 81f£§§&ﬂ§ F7& B -rconduct i ve

tate. Th K - ant whj ch 1 t hi ' : | bout . -
101 A Ther@Bih L7 HERATS SR ConTERCFTOREST FORPPREDSEe i8uppl y Vpp Lo t he

who ey 1 @ecti Bl R e DhFPLYn RYERS  MenaRd TRLERAY 57,

- 26- gate oxide films, and 20 -and 21 denote Si0, films

on the surfaces of the polycrystalline siiicon films,
As mentiqnéd above, the third embodiment features
the construction in which high-resistance polycrystal—-'
10 line silicon.films CH,, CH3 and CH4 are formed as a |
common channel, and P-channel EISFET'S Qpys Qps, Qpys
--——, which serve as variable-resistance elements, W/
‘are formed by the MISFET's which have field §i0, film
2b, 510, £ilm 21 and glass £ilm 22 as gate oxide
15 films. Vhen data is to be read, therefore, voltages
| Vpp = 5 volts and WE = 5 volts should be applied.
An inverted layer is not induced in the channel
portions CH,, cH3, CH,, —=-- and hence the drain current

I.c is substantially shut off, and the MISFET's

DS

20 assume the non-conductive state. The leakage current
which fldws,in this case is as small as about 1071 A,
Therefbre, the current which flow; from the power
supply Vpp to the decoder via the word line can be
greatly reduced (leSs than 100 nA as a whole); i.e.,

25 the electric current consumptipn_can be strikingly



“reduced, and the operation of the peripheral circuits can be stabilized. QE?
In this case, the electric resistance in the channel portions CH2, CHS3,

- CH4_+--- should be greater than 106 ohns, and pre- 5 . ferably [err] ohns
“ar greater. The resistance nust be far greater than the resistance (5 X
[err] ohms) of the depletion node M SFEL2%- Nanely, in the circuit of Fig.
6, when, for exanple, [err] in the not-selected line is rendered conductive
under the 10-- reading operation, channels of the MSFET' s that serve as:
variable resistors [err] assunme a high resistance, and only a very smal
electric current is allowed to flowinto the decoder X-DEC via word line
[erf] and wrethwiad prarderitie opd¥atien sofletioé péeiphdeaddeirdtits Y- DEC,

al so, variable resistors [err] consisting of channel portions of the

M SFET' s assare be gtatdsiigethce Emdthiencase pntlye aelechrsonl | current is
allowed to flowinto the Y decoder Y;-DEC. Conse- quently, the electric
current whi dlesishandantia tthe xhannefe Reretsonh ity heClgs aCllg,to be read can

bé greatly reduced_as _a whole, naking it £ﬁ§sible to reduce the electric
power consumstvh st@‘g-ddehﬁ@%ﬁﬁiérakﬁlé t PRR%s ¥Rd RECB-devices. In

this sense, .t he._resi rs nust have 25 resi stance reater than
[err] _ferap}y_fﬂ7)tolfag]ohms or greater. he resis%agce

must be far greater than the resistance (5 x 10° ohms)
of the depletion mode MISFET's. Namely, in the
circuit qf Fig.‘6; when,.fof example, QMZ-i in the
not-selected line is rendered conductive under the

10 reading operation, channels of the MISFET's that
serve as variable resistbrs Ry —— R, assume a high

N | reéist;nce, énd'only a very small electric cufrent is
allowed to flow into the decoder X-DEC via word line
W, and transistor Qu, ;. On the sidé of the Y decbder

15 Y-DEC, also, variable resistors Rl' ————— Rm' consisting
of channel portions of the MISFET's assume high |
resistance.and, hence, only.a very small current is
allowed to flow into the Y decoder Y-DEC. Conse-
quently, the electric current which flows into the

20 ‘decoders when the data is to be read can be greatly
reduced as a whole, making it:posﬁiblé to reduce the
electric power consumption to a degree comparable
with that of CMOS devices. In this sense, the
resistors Rl -—-fé Rn’_Rl' —— km"muSt-have

25  resistances greater than 107 ohms.



l{%? ke the depletion node MSFET's, these variable resistors work to reduce
tt¥e current when data is to be read. Therefore, there is no need to -
"increase the size of the elenents. O, rather, the size 5 (especi al | Yy
the width and thickness of the channel portions) may be slightly changed to
obtain a desired high resistance. TheL?ﬁgre, since the size can be reduced
conpared wi th depl etion node M SFET' s, e EPROM can be constructed in a
densely integrated 10 form According to the third enbodi nent,
furthernore, the MSFET's [err] are rendered con- ductive when data is to
be witten and, Palgke the akpledione Hodea MISFED's s ethessl vafidblent | y.
That 15 Is, in Fig. 8, if the power supply voltage Vpp is set to 21
volts (or 2pbesydktersfworkritbi reddsiea thendturarar]t when \data iom tawverted
| ayer is sufficiently induced in the channel portion [err] due to upper and
| oner M SFHEFecpeadt ucThereffaveng thieaendls por mewd [ rindreese common, and
a.heavy drain current [err] flows into the word line with the inverted
| ayer as a thershgzepafhtheoriemenisl.y, Othe ratdeyl ndhihe®F ¢ or the word
| i nes can b& greatl i ncreased, .and the _data can be read.at high speeds.

e

Furthe, sineePeatapdiycihs: Yiditheapd thigknessh 94 1the SHAREYor the

channgl PO SoREioRs) mé%sbe slightly changed to obtain a desired

high resistancé,-'Therefore, since the size.can be
‘reduced compéred'wifh depletion mode MISFET's, the
EPROM can be_conétructed in é densely integréted
10 form; | |
_Accordiﬁg to the third embodiment, furthermore,
the MISFET;s'QéZ, Qpz, Qp,, ————— are rendered con-
ductive when data is to be written and, hence, the
channel reéisfancés_are reduced sufficiently, That
15 is, in Fig. 8, if the power supply voltage Vép is set._
to 21 volts (or 25 volts) for writing data, and WE
to O volt, an inverted laYer is sufficieﬁtly induéed
in the ¢hann¢l‘portion CH, due to upper and lerf_ |
MISFET construction having channel portion CH4 in
20 common, and a heévy drain current I flows into
the word line with the invérted layer as a éurrent__
path. ansequenily, the charging speed forlthe word
lines can be greatly ihcreased,land the data can be
read at high speeds. Further, since the polycrystalline

25 silicon filh is used for the channel portiqn, a



sufficiently great withstand voltage is obtained when data is to be read. égs
Mor eover, even if a breakdown occurs in the PN Junction in the poly-
crySLalllne silicon filmwhich fornms the channel 5 portion CH carriers
fromthe breakdown do not affect the substrate since the pol ycrystalline -
silicon filmhas been separated from tdpgsubstrate. The M SFET's in the
pul |l -up circuits according to the third enbodi nent can be forned w t hout

nodi fyi ng 10 t he conventional process for producing EPROMs. This is-

descri bed below with reference to a manufac- turing process in conjunction:

with Figs. 9A to 9F. First, as shown in Fi 9A, N-type wel|ls 11, 42 and a
field SiQe FPF‘FFEBEMW (&rﬁéa: Uﬁ-%aﬁ’& Yousbage Sitﬁfég Jd?eq he P-type

silicon subs rat b dlff s sel ective oxidation techniques.
After a gatg 5% ‘é@%ﬁ % g’r?&‘e;?cﬁfs’t aﬁ‘f‘?’helajtslar icon filmis grown
phot oot chi ngEFAXIRA"0 ?%‘P%@e ?ﬁﬁ;??"‘&" ea&ﬁd i'r%of#ﬁ% "o 2 prede-
o oonPPREShLTin Bt teR PRI SRt le RIBINT 0% |,
then oxi di z8grtQohOLH) 2 Eaﬁléb@ffzblniﬂtnemﬁ‘e%éd%v&%'diﬁ dd¢m18 25 in
perlpheral circuit ref’ons is renoved and
affect the substrate since the polycrystalllne silicon
film has been separated from the substrate,’
| The MISFET's in the pull-up circuits accdrdiﬁg to
the third embodiment can be formed without modifying
10  the conventional pro#gss for producing EPROM's.
This is described below with refefence to a manufac-
turing process in conjunction with Figs. 9A to OF.
First, as shown in Fig. 94, N-type wells 11, 42
and a fiel& 810, film 2b are formed on one main
15 surféce of the P-type silicon substrate_l.by diffu-
sion and selective 6xidation techniques, After
a gate oxide film 18 is formed; polycrystalline
silicon film is grown on the entiré'surface by the cvD
technique, and'it is patterned by photoetching to
20 form a polycrystaliine silicon film 23 of a prede-
termined shape after it has been treated with phos-
phorus in a conventional manner. The surface of the
polycrystalline.Filicon film 23 is‘then oxidized to
form a thin Si0, film. The gate oxide film 18

25 in peripheral circuit regions is removed and a



*@gW?gate oxide film19 is formed, or the gate oxide film 18 may be used as
the gate oxide filmin the peripheral circuit regions. A second .
quycrystaIIine silicon filmlayer 24 5 is then deposited on the enting/
surface by CVD as shown in Fig. 9B, and predeterm ned portions thereof are
~covered with a [err] film25 (mask) by CVD, followed by the treatnent with
phosphorus. The poly- crystalline siliedB-film24 not covered with the 10
mask 25 becones [err]-type, and the polycrystalline sili- con film beneath
the mask 25 renmains a hig- resistance polycrystalline silicon film24'. The

mask 25 is then renoved by _etching,as _sho in Fi,g. 9C, and .the

pol ycryst alte¥he83Fe | Gkdei fﬁi’%#aﬁas f°§F‘V®ngf PrmBE &3i8 &l line
silicon fil 3,.and -Si2 film1l8 e successi.uel ..etched jin the sane.
pattorn. THAD S Eaysbe veed 8F HheBRte Sade, f117 1h ¥R formof
control gates,. pol g{ystalli-e silicon filnms 28 and 29 in the form of

fl oating géi » %hﬁcﬁb yﬁ??%?aﬁripe silicon films 30 and 31 in the
formof gate e'-egitg@ d ofyéfggfegﬂﬁﬁbr §141% Son?] PR ) the gate
9 on -bot’h s1deS of t

oxide films 18, e polycrystalline Silicon filns 28,

s o0 o 4 R et st v, D
shown in Fig. 9B, and predetermined portions thereof
are covered with a Si0, film 25 (mask) by CVD,
followed by the treatment with phosphorus., The poly-
crystalline silicon film 24 not covered with the

10 mask 25 becomes N*-tybe, and the poiycrystalline sili-
"con film beneath the mask 25 remains a high—.
‘resistance polycrystalline silicon film 24'. : ' W,

The mask 25 is then removed by etching as shown
'in Fig. 9C, and the polycrystalline éilicon'film.ZA,

15 8102 film 20, polycrysta;line silicon film 23, and
Si0, film 18 afe successively etched in the same

pattern., Thus, polycrystalline silicon-films 26 and
27 in the form of control gates, polycrystalline
silicon films 28 and 29 in thes form of floating gates,

20 and polycrystalline silicon films 30 and 31 in the

form of gate electrodes of peripheral circuits, are
formed, and the gate oxide films 18, 19 on both sides.
of the polycrystalline silicon films 28, 29, 30 and.
31, ére removed to expose the subétrate 1. |

'25 Thereafter, the surfaces of the polycrystalline



silicon fiklms 26, 27, 24', 30, 31, and the surface of the exposed substratd@é
are slightly oxidized by heating to forma thin [err] film34 on the
surfaAges as shown in Fig. 9D. Another [err] filmis then 5 ‘fornmed on the
pol ycrystalline silicon films and the substrate by CVvD. The SiQ2 filmis

t hen subjected to selective etching to form masks 32, 33 'that cover the
hi gh-resi stance pol ycrystalline silicon fil3Bg24' and the well region 11.
By the etching which 10 forns the masks, the thin SSIQ2 film34 is.
renmoved except the portions under the masks 32, 33. The entire surface is
then irradiated with a beam 35 of arsenic ions to selectively inject

arseni c i onsikieon WBLlrpRed 20y fakk, 0304 hdlsuardr she; sundace is 15
annealed in nitrogen. = Thus, N ftyge diffusion regions 4, 5 14, 15 are
formed as sQF chrarRKRATED FEBRS ¢ araesiigatint exidizegebier with an N

Chon remved SRSt 13900 2 oy St ELlB.AFcrr] the| 23888081 ted by
e V0 et ot A0S P8, LadgHlgredpy £Lping tpforma ferr) film
polYEr 45t s L9 SR Pl RN 1 6o L ] BhdOeRE o @

substrate by CVD, The SiO2 film is then subjected
to selective etching.to form masks 32, 33 ‘that cover
the high-resiStance polycrystalline silicon film.24'
and the well region 11. | By the etcﬁing which
10 forms - the masks, the thin SiO2 film 34 is removed
' except the portions under the masks 32, 33;' The
'&;X “ entire surface is then irradiated with a beam 35 of
arsenic ions to selectively inject arsenic ions into
the exposed surface of the substraté; and it is |
15 annéaleé in nitrogen. Thus, N+—type diffusion
regions 4, 5, 14, 15 are formed aé source and drain regions
in the substrate l, together with an N+-type region 7 for
feeding electricity to the well.
The masks 32, 33 are thén removed as shown in |
20  Fig. 9E, a new Si0, film is deposited by the CVD
method- on the substrate 1, followed by etching to
form a Si0, film'36.on predetermined pdrtions so as
to partially cover the high-reSiStance polfqr?stél—
line silicon layer 24'. Using th'.e'SiOZ £film 36

25 as a mask, the whole surface of the substrate is



;’adi ated with a beam 38 of boron ions to formP -type diffusion regions.
K2t 13 that serve as source or drain regions in the well 11. At the sane
time, boron ions are injected into the high-resistance 5 pol ycrystall
‘silicon film24'" on both sides of the mask 36 to formP -type
polycrystalline silicon filns 43, 44. These [err]-type polycrystalline
silicon films serve as sources or draiTgof the P-channel M SFET Q
(variable resistor R and define a channel portion 10 CH4.. By -
determning the pattern of nmask 36, therefore, the channel |ength can be

precisel y ¢aphaobltad. wRehel bifhu &I S¥rorl 'Mortlisko Soks remved, and the

surfaces are lightly heat treated in an oxidi zi ng at nosphere to form an

[err] filnplngyha difrheiehy regifodismigs! alent asesvé eds |sd@read 17 of the
M SFET's. Then, a phosphorus silicate glass film 22 deposited on the

entire surpecdrhynt regfohsnihhatheancdilhdindart yilng §ame | timém are renoved
by photoetching to formthrough holes 37, 39 and 40 20 for contacts.
Al um num i sorbrnidepoareedngectied dmiia eheurtighe-18sisicante evapor ati on and
patterned by photoetching to_formal um numwring such as bit line [err]
power SsuppPylycrystalline sgldcosy fHdm \A4lg qreiqtihreides coPsthe ef ectrode
45 as shown in Fig. 8. -32- . . .

mask 36 to form P -type polycrystalline silicon films

43, 44, These P+-type polycrystalline silicon films
serve as sources or drains of the P-channel MISFET QPA
(variable resistor R,), and define a channel portion

10 CH By determining_the pattern of mask 36, therefore,

thz channel length can be precisely controlled.
'Referring to Fig. 9F; the mask 36 is removed,
~and the surfaces are lightly heat.trgated in an
oxidiiing atmosphére;to form an Si0, film and |
15 thereby to férm gate electrodes CCGz, CGA’ FGz, FG,,”
| 16 and 17 of the.MISFETfs. Then, a phosphorus silicéte_
‘glass film 22 deposited on the entire surface by the
CVD method and the underlying SiOé £ilm are removed
by photoetching to form through holes 37, 39 and 40
20 for confacts; . L | _. |
Aluhinum iS then deposited on the entire surface
by vécuum evaporation and patterned by photoetching
to form aluminum wiring such as bit line D, power
supply line 10, wiring 8 for applying WE, amd.gate
25 electrode 45 as shown in Fig, 8,



- Fig. 10 shows the construction according to a fourth enbodi nent of the (3%
present ‘invention. Fig. 10 corresponds to the sectional view of Fig. 8, but
qt/nbodlnent of Fig. 10 is different 5 fromthe third enbodi ment i.n

hat~the substrate 1 is utilized as the gate of MSFET Q ' which works as a
varlable resistance elenment in the pull-up circuit, and in that the gate
~electrode 45 (refer to Fig. 8) is not fgQ d on the channel portion CH4.

"~ Further, 10 a P -type diffusion region 49 (which also works as a channel
stopper) is fornmed under the field [err] film2b contiguous with P -type
diffusion region 47 that sets the substrate 1 to.ground |evel through
ground |ine 48. Th&.efldr showsndde mmm%%@m@ng WD functions as a
gate el ectrode of ground |level (Q volt), the voltage [err] becomes -21

vol ts when 8afgur tGm@édM’ieﬂteﬁ I \Bhe Presepdt dOVENRHPN S vol ts when data

o to b read (vig, SovolLs) oTierelor e e Gt cygptd 0S i ch o
o i oD S U AR od B Mg (50 1o
mgg g :Z :.\zr{ﬁ lgge"wth_ig'g_ en®Bd ihett 35.r12%hat SR sy iile [err] A flows
is utilized as the gate of MISFET QPa_which works as
a variable~resistance element in the pull-hp circuit;
and in that the gate electrode 45 (refer to Fig. 8)
is not.formed on the channel portion CHa. Further;
10 a Pt-type diffusion region 49 (which also works as
a channel stopper) is formed under the field Si0,
film 2b contiguous with P*-type diffusion region 47
that. sets the substrate 1 to ground level through
ground . line‘hs Therefofe since the P¥ —type region
15 49 functions as a gate electrode of ground level
(0 volt), the voltage Vg becomes -21 volts when data
is to be written (VPP = 21 yelts), and -5 volts when
daté.is to be read (Vpp = 5 volts). - |
Therefore, the drain current IDé which flows
20 through the channel portion CH, changes as indicated
by curve a in Fig, 11. In this case, the thickness

‘of the field SiO, film 2b (gate oxide film) is 6000

72
angstroms. Therefore, a large drain current'IDé_-
(10_6 A) flows when data is to be written, and a very

-1l

25 small current (10 A) flows when data is to be



@
g

contributing to the increase in the stability of operatlon

When t he

oxide filmis conposed of a [err] film(a filmformed by oxidizing the

surface of the polycrystalline silicon film "and 5 havi ng a thi
1000 angstrons), the charac- teristics beconme as shown by curve b
11. Wen the gate oxide filmis conposeq1§f an ordinary gate [err] film

(having a thickness of 750 angstrons) whith is forned by thernally

oxidizing the single 10 crystal silicon, the characteristics becone as

ckness\gf
in Fig.

shown by curve c¢c in Fig. 11. This fact i ndi cates that with the ferr] film

t I t $ | data is t
be road [orifeds | Eonkrfuiting B4 AR thondededn A AR Cirrent
changes Pardy cibardys ghealyifeheAU g e okiu® 1aNdPNSY I conspi cuous

when the gate

set to a negative evel =7(-7 volt

s)| to

(-10 volts)df.a SEeoreing (9 rbm ea‘eaeun@@t ohdl AWl tﬂne gate oxide film
1s enpl oyed as a fl%ld [err] however, the drain current IDS is

stabi | i zed fgrf&peesentied bulyuf-yetalland sha ikeakagamurEmnt can be
reduced strikingly..In the third enmbodi ment nenti oned earller provi - sion
of thes gat élaadrmgra)d’ehﬂ&meabl ef a0DOr gagdrtabmsl; thec whzamtc4 DS to flow
when data is to be witten. In - 34-

10

15

20

25

teristics become as shown by curve b in Fig. 1ll.
When the gate oxide film is composed of an ordinary
gate Si0, film (having a thickness of 750 angstroms)
which'is formed by thefmally oxidizing the single
crystal silicon, the characteristics become as
shown by cnfve ¢ in Fig. 11. This fact indicates

that with the SiO, film or gate Si0, film, the drain

current Ins 1s easily changed when data is to be read -

(Vg = |-5 volts|) by grounding the gate. The drain
current changes particularly greetly in curve c. |
This tendency becomes.conspicuous when the gate is.
set to a negative level [i.e., when Vo l(-7 volts) |
to ](-10 volts)|].. According to this ‘embodiment in
which the gate oxide film is employed as a field 8102
film, however, the drain current IDs is stabilized
as represented by curve a, and the leakage current .
can be reduced strikingly. _.

In the.third emquiment mentianed eerlier; provi-
sion ef the gete electrode 45 enaﬁles a large drain-

current IDs £0'flow when data is to be written. In



connected to the power supply Vpp is formed on the field [err] filmand is -

t he embodi nrent of Fig. 10, however, only the drain current IDS fromthe
substrate side is controlled, and a small current IDS flows. The third
embodraent may becone the sane as the enbodinment of- Fig. 10 5 if the .
gate electrode 45 is floated or set-to ground. A larger drain current,
however, is allowed to flow when the gaBe-el ectrode is provided than when
the gate electrode is not provided. In the enbodi nent of Fig. 10,
furthernore, the 10 hi gh-resi stance polycrystalline silicon film

df h b : Y i i
formed it h e SRERRAS i 0 e BBl BN hE AT Qo
ortion B of Fig. .8, t Gh- | f '
B oo ke € Tyl i AR b £ B KLl evented, and
the present ah'&veanténﬁg;l | AU c%g%f i gir?éé E‘?‘%ﬁ% ﬁl&;@i,ﬁgg{gdi ment of

Fig. 8, the source, drain an SFET Q in the

pul 1-up cir gy b@&n@%%ﬁ 20! 46 Vshsdd imensidtcpngfilos, and are

connected to the control gate CG through an alumnum4 wiring 41. This
const raict i 0 fal#ie FEES dlleditsid| 45 A fléatedtar nsétgteresi stance

el ements. that exhibit the - 35- : _
' ground. A larger drain current, however, is
- allowed to flow when the gate electrode is provided
"than when the gate electrode is not provided.
~ In the embodiment of Fig. 10, furthermore, the
10 - high-resistance polycrystalline silicon film
connected to the power supply pr is formed on the

field SiO., film and is separated from the substrate l. -

2
Therefore, no.parasitic transistor is formed with

._\(

the elements (peripheral circuit elements) in the
15 CMOS portion B of Fig. 8, the latchrﬁp_phenqmenon is

effectively prevented, and stable operation is achieved.

Fig. 12 shows a fifth embodiment according to
the present invention. In this embodiment, unlike
20 the embodiment of Fig. 8, the source, drain and channel
‘portions of the MISFET'QPA in the pull-up circuit are .
composed of polycrystalline silicon films, and are
connected to the control gaf:e-CGLF through an aluminum
'.wiring 41. This construction also makes it possible

25' ~ to obtain high-resistance elements that exhidit the



ame functions and effects as those of the aforenen- tioned enbodi nents -

¥ t-hout any need of nodifying the manufacturing process. The manufacturing
'process consists of leaving 5 sone of the first polycrystalline sil
filmfor the field [err] film2b in the step of Fig. 9A, oxidizing the
surface of the first polycrystalline silicon filmlayer, depositing the
second polycrystalline silicon filn1|a?%57 foll owed by the patterning as 10
.shown in Fig. 9C ~and oxidizing the surface of the film In this case, the
polycrystalline silicon.filmof the control gate [err] is so patterned that

|t 1s sepagghad fb@milhe ra%vgﬁgé@ééiége 03&0s TEAD @Roplgun\ N R 0. 12

Arsenic ions are then i1njecte in Frg. he SIO film

formed by thenE¥Defioaathedts? Witdout %ﬂyeﬁ?eéq/ 59%#;@3% tggi ons. Here,

the surface of the polycrystalline silicon mon t 't he channe

portion [emahushetuetibg eviedd With a mask (SiO2). Boron ions are there-
20 after injected in the sane mannér as that of Fig. 9E, the surface is

oxi di zed, and pfhephanufasiturdige pHosssd calniastd aslf | DedPengane manner . as
in Flg OF. After holes are formed through the glass film alumnumis
vapor depoSOmedoﬁn&hpafl@s¢e@dlydhystaﬂlﬂneusmribon MInnfsr|the] 41, 10,
et 3 e1a 510, £11m 2b in the step of Fig. 94, oxidizing |
the surface of the first polycrystalline silicon
film layer, depositing the second'polycrystalline
silicon film layer, followed by the patterning as.
10 shown in Fig.-QC;,and oxidizing the surface of the
film., In this case, the polycrystalline silicon |
film of the control gate CGA igfso pattefned that it w
is séparated-from the polycrystalline silicon £ilm \
as shown in Fig. 12, Arsenic ions are then injectéd
15  as shown in Fig. 9D with the 10, film formed by the
CVD method as a mask, to thereby form N*-type regions.
- Here, the surface_of the polycrystalline silicon °
film on the.side of“the channel portion CH,

4
be covered with a mask (SiOz). Boron ions are there-

should

20 after injected in the same manner as that of Fig. 9E,
the surface is oxidized, and phosphorus silicate glass
is'deposited in the same manner as in Fig. 9F. After
holes are formed through the glass_film, aluﬁinum is
vapor-deposited and patterned to form aiuminum

25 wirings Dm' 41, 10, etc.



Fig., k13 shows a sixth enbodi nent of the present invention. In this
enbodi'nent, unlike the enbodi nent of Fig. 8 the MSFET in the pull-up '
circiit has an 5 N-channel and is served, through the gate el ectrode 42,
with a voltage equal to, or greater than, the voltage Vpp applied to the
drain 9. The variable resistance elenent, therefore, is an N channel

M SFET. To wite data (with Vpp = 21 volts), there- 10 ~ fore, a voltage
equal to, or greater than, Vpp is applied to the gate el ectrode to render
the FET conductive. To read data, a voltage of 5 volts or greater is

applied to the gate electrode to render the FET nonconductive. In this

case, since a resifdg.133 showsc@ Ediffehanbadinent «ficike i Presenthannel
portion of the FET, the gate voltage should be greater than Vpp. In formng

t he N-channeRD¥eBEEPR horon i ons shoul d not be injected into the channel

porton 1 e o8 U Berdfaiie, wiind e Sr R B e
doubl o- 1 ayer - s BrudbEohT SRS 331 RIS A TR R G JR 1 T 50 of the
lover |gyer ReLULAGTS ahlCis s@%béd, through the gate electrode :
| 42, with a voltage equal to, or gréatgr than, the
voltage VPP applied to the drain 9., The variable
resistance element, therefore, is an N-channel
MISFET. To write data (with Vpp = 21 volts), there-
16 fore, a voltage equal to, or greater than, Vpp is
applied to fhe gate electrode to render the FET
w . conductive. To read data, a voltage of 5 volts or
| 'greater'is applied to the gate electrode to render.
the FET nonconductive. In this.case; since a resis-
15 tance component is introduced in the-channel portion of
| the FET, the gate voltage should be greater than Vpp.
In forming the N-channel MISFET, boron ions
should not be injected into the channel portion in
the step of Fig. OE. | |
20 Fig. 14 shows a seventh embodiment according to
the present invention. _
In this embodiment, the MISFET in the pull-up.
circuit consists of polycfystalline silicon films
of double-layer construction, the.polycrystalline

25 silicon film 50 of the lower_layer serving as the



e electrode, and a high-resistance polycrystal- line silicon filmin the
upper |ayer serves as the channel portion [err] In Fig. 14, reference
nuneral 51 denotes an alumnumw ring for grounding the gate 5 o’
.etectrode. Like the polycrystalline silicon film23 of Fig. 9A;  the gate
electrode 50 is left on the field [err] film2b by the first :
pol ycrystalline silicon filmlayer, and7.s treated with phosphorus to nake
it N-type together with the polycrystalline silicon 10 film23. In the
step of Fig. 9D, the second poly- crystalline silicon |ayer contiguous with
~the control gate [err] is |left on the gate el ectrode 50 being partly

over | appedga teUlellRytrddes,’ larid/ e Higgh-ares ¥Staride apelforyedada both sides of
t he channe? portion [err] by 15 the injection of arsenic ions 35 and .

boron ions138e( Eiidicon) £illm tin stheahupbermtayéheserwes ngsabbdew i ting
operations can be performed stably relying upon the M SFET construction,:
i ke the abhnanm&npbmti@neﬂﬁﬂﬂ- 20 Fignehh, rdferemcei mgmepakd can be
sufficiently increased. However, since the gate oxide filmconsists of are
oxi de fil nb20dehatesgan rHivakmys wirimpofen gromdhast FRasgater red by
oxi di zing the surface of the polycrystalline silicon fi|n1i0 of the first
| ayer 5 25 elechaodieai nLdife dite |Iéémx5%‘-3§éh% it ERPR WhbAMt B -38-
of Fig. 9A, the gate electrode 50 is left on the field

S10,, £ilm 2b by the first polycrystalline silicon

2
film layer, and is treated with phosphorus to make it
N*-type together with the polycrystalline silicon |

10 film 23. In the step of Fig. 9D, the second poly-
crystalline silicon layer contiguous with the control

gate CG, is left on the gate electrode 50 being partly gjﬁ'

4
ovérlépped. Further, PT-type regions 43, 44 are .
formed on both sides of the channel portion CH, by

15 thé injection of arsénic ions 35 and boron ions
38 (Fig. 9E).

In this'embodiment, the reading and writing
.opérations éan.be performed stably relying upon the
MISFET éonstruétion, like the above-mentioned embodi-

20 ment, The wfiting speed can be sufficiently increased.
However,.since the gate oxide film consists of an
oxide film 20 (having: a thickness of 1000 to 1200
angstroms) formed by oxidizing thg surfaée of the
polycfystalline silicon film 50 of the first layer,

25 the drain current IDS vary to some extent when the



‘gate voltage VG is changed to read data, as nentioned with reference to ‘@S}
Fig' 11.'The problem however, does not..arise when the gate is grounded;
the&gpain current IDS can be sufficiently reduced and stabilized. 5

"Fi g. 715 shows an eighth enbodi nent of the present invention. Conpared with
tthe enbodi nent of Fig. 14, the enbodinent of Fig. 15 has a gate el ectrode
52 conposed of a polycrystalllne silicon=RB8Fm of the second | ayer, and has
a polycrystalline silicon film 10 of the first layer on the side of the
channel CH connected to the control gate CG through an alum num .4 wring
41, like the enbodinent of Fig. 12. The construction of this enbodi ment

al so_makes i gapyesvoliitageo Vabtiai @hagedh| i resds idarter, el munticibed

(M SFET' s) conposed of pol ycrystalline silicon films of the doubl e- | ayer
const ruct i onwitkerelferenceditoe B4 guf 18i.g. Thz praddleni6 HowekBershow a ninth
enbodi nrent of the present invention. Variabl e-resistance el enents accor- 20
di ng to the @peshnemrbatisenwhene ther igatebyi smglichuyidegi st Hthe glrsstimuct i on of
Fig. 10. That is, the channel portions [err] are conposed of a

pol ycr yst al | $HETERE; &py FRRmbef supdicientlyayeduseds i S tetdilgzad, and
are conpected to the control gates CG through alumnum4 25 wring 53.
Here, fér instancEi&sokp éﬁﬁwgeﬁnpéﬁﬁhﬁﬁsem°°dlment of the present

| invention. Compared with the embodiment of Fig. 14,

- the embodiment of Fig. 15 has a gate electrode 52
composed of a polycrystalllne silicon film of the
second layer, and has a polycrystalllne silicon film

10 of the first layer on the side of the channel CHQ
connected to the control gate CGA through an aluminum
. w1ring 41, like the emhodlment of Fig. 12.
_ The construction of this embodiment also makes
it possible to obtain variable—resiséance elements
15 (MISFET's) composed of polycrystalline Silicén films
-0of the double-layer construction like the embodiment
of Fig. 12. |
Figs. 16 to 19 show a ninth embodiment of the
Present inventionﬂ Variable-resistance elements accdr-
20 ding to the ninth embodiment are formed by modifying
the construction of Fig. 10, That is, the.channel
portions CH4 are composed of a polycfystalline silicon
film of the first layer as‘shown in Fig. 12, and are
connected to the'control'gétes CG; through aluminum

25 wiring 53. Here, for instance, four channel portions



ABY- CH are connected in parallel as shown in Fig. 16. 4 There is no,

bl ycrystalline silicon filmin the por- tions 54 anong these channels; _
i.e., the channels are separated fromeach other by an insulating film 5y
(such as SI2 film20, glass film22, or_the like). According to this )
construction, a plurality of vari abl e-re3?¥Stance el enents are connected in
paral | el between the power source Vpp and the word lines, nmaking it
possible to increase the charging current that flows 10 " into the word
lines when data is to be witten. Nanely, the inventors of the present

nvent i on aye gl couet ed e, £agt Liaky WL oG- MSFEL J 0 e ch a

hi gh-resi stanfee pol ycrys icon Trimis uSed € channe

tion, t i ' 5171 Winkh i f d by th
portion W?ﬁ}%ﬂﬁgﬁ%mﬁ%&ﬂﬁn& siliWbhheyh ‘iﬁ“gzh%f pipled by the

channel es not increase wmth the increase in the

channel V“(%iﬁn§”?yﬁéﬁﬁhéhﬁhgééecﬁéhﬁélﬁb|ﬂl@@% el REpGITAE t hi ckness, and
have found that the drain current IDS can theréfore be increased by n tines

20, depenthd0s are t&E frohesaéh) obhethbychannaksupartingnEi[lerr] arrayed
in parallel as shown in Fig. 16. Fig. 18 illustrates the fact that when th
nunbers of c(rsam‘relas)csmhgrtSilxp 20¢rghasd filh 2R obarchel lidwejt.h L o
mai nt ai ned constant, t drai-n current 25 I DS i ncreases strikingly with
t he i ncrease in Admording to_this construction, a plurality of
variable-resistahée elements are connected’ in parallel
between the power éoufég pr and the word lines, making
it possible to increaée the charging éurreﬁt that flows
10 into the Qord lines when data is to be written.
Namely, the inventors of the preseﬁt invention have
discovered the fact that with the MISFET in which a
high-resistance p01yerystalline:silicqn film is used
for the channel portion, the drain édrrent Ing flows
15 wifhout being affected by the channel width W'(the
currént_doés_not increase with the increase in the
channel width) provided the.gate oxide film has an
increased thicknéss, and have found that the drain
current IDS can therefore be increased by n times
20 dependi#g_upon fhe number (n) of the channel portions
CH, arrayed in parailelias shown in Fig. 16.'
Fig. 18 11lustrates the fact that when the
number of channel portions is increased with the

channel length L maintained constant, the drain current

25  Ipg increases strikingly with the increase in the



-40- gate voltage VG but does not substantially increase if the channel 6@
width is sinply incréased (in this case, the number of channels is one), as

i ndigated by a broken line. Thus, with the construction of 5 - this
enbodiment, a large current is permtted to flow when data is to be

witten, and the speed for. charging the word |ines can be greatly

i'ncreased. The channel -portions [err] mayghe connected in parallel as shown

in Fig. 19. Nanely, the P -type 10 regions 43, 44 are arrayed in an
isolated manner, and contacts of the wirings 10, 53 are connected to these-
[err]-type regions. The channel portions arrayed in parallel can b.e easily

formed thro ; ray par nqgré i ; «b ning the
pol ycryst al i%qnte@&%‘%o%?f%q’m of -t eé%ié%%p%gﬁﬁé?%?a%%% %%gg%légéayer) by
phot oet chi ng.r Rk Haghavs, R SIROLYy "Bidrodséde(pesgDs i nvention,

The feature of this enbodinment is that the gate oxide filmof the M SFET
constitutingddie Zhe nutiidraldfe-dresirsdbdCes edz@ér)eptas NiAdEcfYbd- up circuit

i s conposed of an oxide film55 on the surface of the silicon substrate 1
which is usé&d as brojagre ldimet r dfhus Ovwiieth pihid | orss trvec sidastafiti al |y t he
sane as those of Fig. 10. The gate oxide film55, in this case, is 25
formed & hr odiptd st rembselimesttepsa dsandmspunferi bring rgernetted to
flow when data is to be written, and the speed for.
charging‘the word lines can be greatly increased.
The channel portions CHA_may be connected in
-parallellas shown in Fig. 19. _Namely, the P+-type
10 regions 43, 44 are arrayed in an isolated manner, and
contacts of the wirings 10, 53 are comested to' these
N P*-type regions. - |
-The-Channel'poftions'arraYed in parallel can be
easily fbrmed through an ordinary maﬂufacturing procéss
15 by patterning the polycrystalline silicon film of the
. first lafer (or the second layer) by photoetching.
. Fig. 20 shows a tenth embodiment of the present
invention. The feature of this embodiment is that
the gate oxide film of the MISFET constituting the
20 variable-resistance element in the pull-up circuit
is composed of an oxide film 55 on the sﬁrface of the
silicon substrate 1 which is used as a gate electrode.
Other portions are substantially the éame as those of
Fig. 10. The gate oxide film 55, in this case, is

25 formed through the same steps as those of forming the



d1- gate oxide film19 of the peripheral circuits 3. This enbodi nent makes
@ possible to obtain the sanme functions and effects‘as those of the above-
menti oned enbodi ments (for exanple, of Fig. 10). Further, good MOSwr
characteristics can be exhibited since the NISFET whi ch serves as a
variabl e-resi stance el enent has a gate &%de filmconposed of an oxide film
on the surface of the single crystal sil Mor eover,. the device can be
prepared w t hout substan- 10 tially nodifying the process for producing
ordinary EPROM s or requiring any additional steps. Fig. 21 illustrates an
el event h enbodi nent . of the present invention. Ln this enbadi nent, the
surface of &k s?’FchF% Fiimi by ef thenPeripkegategirsuitst d-form a gat e

DG e oA AR osbLBheo0g BRRREAERS 21 Lo
the Tirst 1S Jﬁ%ﬁ%ﬁ%eﬁégff%%tg B, B HEn R B PR 1y e el 1 a5
which i s seryed W é&]é&ﬁbé&h tgu?g%§pégé%?gg VBE 85 A abgher vol tage from

t he alun1nun1mnr|ng 8 v errf- usion régi‘on 7. Here, the
M SFE i s %%mnr%aoamaa@aﬁceepﬂgﬂeg b8n! Be Wahdviitad through an
al um num 25 wring 41. ] _ '

since the MISFET which serves as a variable-resistance

element has a gate oxide film compqséd of an oxide
film on the sﬁrfage of the single crystal silicén.
~ Moreover, the_devicé can be prepared without substan-

10 tially modifying fhe process for producing ordinary
EPROM's or reqﬁiring any additional steps.

Fig. 21 illustrates an eleventh eﬁbodimenﬁ of ._ ,;)g.
the present. invention. In this embodiment, the | |
‘surface of the single crystal silicon is oxidized .

15  to form a gate oxide £ilm 56 through the same step as
that of fofming the gate oxide film 18 of the memory
cell, However, tbe feature of this embodiment is that
the channel portions CHQ are composed of a polycrystal—
line silicon film of the first layer. The gate elect-

20 rode consists of an N-type well 42 which is sered
with theHPOWer.supply voltage VPP or a higher voltage
from the aluminum wiring 8 via an_N+—ty§e_diffusion
region 7. Here, the MISFET is an N-channel-type
and is connected to the word'line through-an aluminum

25 wiring 41,



-42- ,Figs, 22 and 23 illustrate a twelfth enbodi nent of the present %E;
i nvention. This enbodinment is a partial nodification of the third

enbodi pent of Fig. 8. In Fig. 22, the [err]-type regions 43 of the 5

M SFETs .used as vari abl e-resi stance el enents in the pull -up circuit and the
[err]-type polycrystalline silicon |ayers 27 constituting the word |ines

are electrically connected together by alumnumwring 62. The al um num
wiring 62 and the {err]-type regions 282- 43 are connected at connection

- portions 61. Since the [err]-type regions of the polycrystalline silicon
filmand the [err] -type regions are. connected together through al um num

i I it i | bl l,m,pat.e .t he valt t hat, d | :

e 12 POTELERE B8 B e Ml S
' A dingl - z I |4 4 I

N e s R T

cell. Fig. 2%dstPaBemblops ¥hetiohaken tAlORG il entolHer® of Fig. 22, and

whi ch al so shows a peripheral circuit element portion B.  The nenory cel

Bglr;l:(r)gsﬁafri@r}iegii%ggjnﬁ{;‘ipf'rgnof grbﬁeghlgkpgﬁy[pgﬁ%%yogggﬁ;dﬂ%ﬁrggi ons 4,
5, contrpl gMESFERS rhsé® as Thodhble-grisdstatite emdits limetHerr] and
fretd ferr] pull-up circuit and the N*-type polycrystalline
silicon layers 27 constituting the word.lines are
electrically connected togethér by aluminum wifing
62. The aluminum wiring 62 and the P+-type'regions
‘10 43 are connected at connection portions 6l. Since
| the P+-type regions of the polycrystalline silicon
zgk“% | £ilm and the N'-type regions are.connected together
| through aluminum wi-rin_.g. it is possible to eliminate
the voltage drop that develops across the P*-N*
15  Junction formed between the above-mentioned individual
regibné. Accordingly, the power-suppiy'vbltage from
the power supply terminal VPP can be éfficiently .
applied to the control gate df‘the memory cell.
Fig., 23 is a section view taken along line X-X of
20 Fig.-22,'and which also shows a peripheral circuit
element portion B. The memory celi pbftion-A such
as MISFET's in the puli-up circuits consisting 6f a
polyerystalline silicon film formed on the N —-type
diffusion regions 4, 5, control gates CG3, CGA,
25-  floating gates FGy, FG,, bit line D, and_field 810,



A3- film2b, and the peripheral circuit el ement portion B, are nearly the
as those of Fig. 8 However, there is a difference in that the P -type
source region 43 of the polycrystalline silicon filmcon- 5 stituting :
the M SEET in the pull-up circuit, and the polycrystalline silicon film
‘constituting the control gate [err] are_electrically connected together
‘W th an alumnumwring 62. The enbodTH2nts of the present invention 10
descri bed above can be further nodified wthout departing fromthe
scope of the invention. For exanple, the construction of the M SFET which
serves as a variable-resistance element in the pull-up circuit may be
modi fied | Fjany 2, ehdOtHd BribheraMaySrc®i €. el &fesYr p8pLi6H Bi,Ngl €
crystal silicon nmay be oxidized to forma gate oxide film and a M SFET of
a pol ycrysaald nd@araiyl ithen ddnend e cof aEs, C®NStHoweven,as shown in
"Fig. 15 may be formed thereon. Further, the gate vol tage (gate bias) may 20
be appliedthere \iar ey ffferrertdeodn thdt ethverP +tepposgargetal | i ne silicon
filmconstituting the channel portion nay be converted into a single
crystal byregéon d8 pikridwen Hodsraristad kinressibicomt iblmt cohor m a singl e
crystal silicon film It _is further possible 25  to change the MOS
char abt er i StidythpedddienYLSHETL Hahrldle pull-up circuit, and the

polycrystalline silicon film 27 constituting the
control gate CG4 are electrically connecteﬁ together
" with an aluminum wiring 62.

The embodiménts of the present invention

10 described above can be further modified without
departing from the _ scope of the
invention. For example, the construction of the MISFET &/

" which serves as a #ariable-reéisténce element in the
pull-up circuit may be modified in a.variety of other
15 .ways; e.g. the surface of single crystal silicon may
be oxidized to fofm a gate oxide film, and a MISFET
of a polycrysfallihe silicon film of double-layer
construction as shown in Fig. 15 ma? be formed
thereon. Further, the gate voltage (gate bias) may
20 be applied by a variety of methods. Moreover, the
polycrystalline silibon film constituting the channel
portion may be converted into a single ¢rystal by
the widely known laser beam annealing method to form
a single crystal silicon film, If is further possible

25 to change the MOS characteristics by doping the channel



*44- portions of high-resistance polycrystalline silicon with inpurities by
ion 'njeCtion. The invention is not limted to the above-nenti oned EPROV

and can al so be adapted to EAROM (el ectrically alterable ROM, as well as

fo any” other nonvolatile nenories that are used with high power source
vol t ages Vpp. 45- CLAI M5 1. A nqﬂ olatile nenory device

conprising: a plurality of word |lines arrahged substantially parallel in a
predeterm ned direction and each having a first end and a second end; 5 .

a plurality of bit lines arranged substantially parallel so as to traverse
said word lines; a matrix of nonvolatile nenory cells associ ated

i ndi vi dual | yperthonsuof gbégharesdsteniceé modycaysthill iniensd ldicorei n each

said nonvolatile menory cell .has 10 a control gate el ectrode which is

suppl i ed wi tWwishrdmpuryéieshbyhionl tajectdpna wThe nigrugntrian drs ovota
relatively Igm/volaage for a reading gperation, said gate control electrode
being el ect r +tBFF§cERNERLeGPPEerRENESPPESNEREPNY WD | i ne; 15

decoding meang, £PUB!SY Lablla’ tookaRBH® (electrically alterabie
5 ROM), as well as to any other nonvolatile memories

that are used with high power source voltages VPP'



T e
1V

‘g@;;aid word lines, for supplying a signal'selectively to said word i nes;

- Aer mi naﬂ'l’"ﬁul"c'ulﬁuﬂ MI ying neans for selectively applying to said
term nal I8 Al O during the witing operation of said :

nonvol atil e nennry"cefls*and a second voltage lower than said first voJFng
~during the reading operation of sai 83fonvol atil e menory cells; and a
plurality of Eegistance el ements connected 25 respectively .between said

second en aid word  -46- lines and said termnal, said resistance
el enents RQei ng conposed _of Qlycrystalline silicon filmor a single
cryatal st con tiToRr Bpnea st e metd e |faiathdhi Sonauct or

‘substrate. 5 2. luéaQQQ$OE&tUé%d“T?H%%fg?géﬁﬁfgC@EQ&QQnEgEEh im1

wherein the decodingangans are<connected to the Wwor nes vra | ted

gate type dif %;?:ﬁnt%t p2Bdetetmined dir ctid?%%%ﬁé%%%'%ﬂfﬁ&ry devi ce

according'to 1 , “wWherein saird insulate ef f ect

transi st o s Of e AGPARKI QN sledRd énd; A nonvol atile menory device
- according to any one of the preceding clains, wherein each of said

nonvokatile menory cgl pgulaldidy’ b¥aitg 19aied ABEiqsle d¥bstafeiasaid
~control gate electrode and on said substrate.
parallel so as to traverse said word lines;

a matrix of nopbolatile memory éells associated
individually with a unique pair of said word and bit
lines wherein each said nonvolatiie hemo:y cell has

10 a control gate electrode wﬁiéh is supplied'with a
relatively high voltage for a writing operation or:
a-relatively low Voltage for a reading operation, said -
gate control electrode being electrically connected fj.x

to the corresponding word line;
15 . decbding means, coupled to the first ends
| of said word lines, for supplying a signal selectively
to said word lines;
| a terminal and voltage applying means for
selectively applying to said terminal a first voltage
20 during the writing operation of said nonvolatile membry
cells and a second vbltage lower than said first voltage
during the reéding operation of said nonvolatile memory
- cells; and | |
| a plurality of resistance elements connected

25 respectively between said second ends of said word



5. A nonvol atil e nmenory device according to any one of the precedin
.clai#s, wherein said bit.lines are connected to a l”IEnd a -
witing circuit via switching elenments. 20 6. mﬂmmmmﬁ“ l menory
devic “according to any one of the preceding claing, whefei’h sai d word

| i neS are conposed of polycrystalline-4i6< con film and are each forned as
unitary structures together with the control gate el ectrodes of the

~cor respondi niinésnandosadd serminal c3id resisgange elementa heangl atile
menory device according to claimb5, wherein said bit |ines are each
_conposed of @PMBPERANPETA Rplycrystalline Sibicen film aEndryinglece
according to y Qne of the preceding clains,, whereip each_of said.
resi st ance e‘FEﬁ%ﬁPE fad 1gono fildme £QIRED RYIT LR HATHIaRIRG (FBUB whi ch
adjoi'ns an insul ati g f|In1%§¥er a surface region of said silicon film
constituting®®hd FEE seadug |ﬁ§#§ ~ A nonvol atile nmenory
devi ce corgling to cl .eln said tro- electr re netal

el ectrodes foOrned over H@n§4¥g§ﬁi |Wﬁﬂ?r %ﬂ%+?uﬁﬁ%ﬁf%b§?|€

el YO WELIBADLY R Hdod £ Sl 105 mseeeae%conduct or

wel | regions are _
the word lines via insulated gate type field effect '

transistors.
‘3. A nonvolatile memory device according to
10 claim 2, wherein said insulated gate type field effect-
transistors are of depletion type. | |
4, A nonvolatile memory device according to
any one of the preceding claims, wherein each of said
fi;b . nonvolatile memofy cells has a floating gate electrodé
- 15 under said control gate electrode and on'said.substrafe;_
5. | A nonvolatile memory device according to
any one of the preceding claims, wherein said bit lines
are connected to a reading circuii and a.writing circuit
via switching elements.
20 .6.' - A nonvolatile memory device according to
| any one of the preceding claims, wherein said word
lines are'composed of polycrystailine silicon £ilm,
and are each formed as unitary structures togethef
with the control gate electrodes of the corresponding

25 nonvolatile memory cells. |



t he sem trate under the silicon filnms constituting the '
. sistanFﬂN B " iE n A nonvol atil e nmenory device accordi ng~to ™.
cl ai m 8, i trol electrodes consist of 20 high-concentration}, .

regions having the sane’ conductivity,fype as the substrate formed in thay
~ sem conduct or substrat.e under the-si1

el ements. 12. ; rﬁﬂﬂ{ | ﬂ?ﬁg ' kce i 25 cl aim 8§,
wher ei n sgrd resistéﬁéeeaéiéﬁé%gmn '%%ngggPES g%%gké#ﬁgﬁé%es consi st of
polycrystahblie i Witk {d | 818 by Ip¥ReS- hPYCEaCh! Shiised’ o2Nd the
polycrystalline silicon.filns of the upper layers servé as the control
el ectrodegn alumihium laye#\ nonvol atile menory device according to any one
of clainmse 8 to 12, wherein said resistance elements with control electrodes
consi st o8.poly- crystidivéeFasilé chémbryng@etica deebraindy@io construction,
the polycrystalline silicon filns of the lower |ayers serving as the
contrel echngt ondef Hhe Ipreceding Achaims| awvhkeetinmeayhdefi ce according to-
claim 13, wherein the polycrystalline silicon films of -the upper layers is
connect edsaddt resisthrndeaslenddénts has dssoociatedi bthemresdth devi ce '
according to any one of clains 8 to 14, wherein said word |ines

control electrode which adjoins an insulating film

covering a surface region of said silicon film
constituting the fesistance élement.

10 9; A nonvolatile memory device according'to
claim 8, wherein said control electrodes are metal
electrodes formed over the silicon £ilms, on an

insulating film.

rcon filnms constituting the resistance

10. A nonvolatile memory device according to _ 3,/1'

15 claim 9, wherein semiconductor well regions are formed

in the semiconductor substrate.undet the silicon films
 constituting the resistance elements.

11. A nonv@latile memory device according to

claim 8, wherein said control electrodes consist of .

20 high-concentration regions having the same coﬁductivity
type as the substrate.formed in the semiconductor
substrate under the silicon films constituting the
resistance elements.

12. A nonvolatile memofy-device according to

25 claim 8, wherein said resistance elements with control



struetures together wth.respective resistance eI

associ ated control el ectrodes. 16. A nonvol evece
dciavdlng to 20 any one of clains 8 to 14, wherein Salﬂ mord | i nes each
consi st of a polycrystalline silicon filmand are connected to said
resi'stance el ements whi ch have control 48kectrodes by respective al uni ni um
| ayers. 17. - A nonvol atile nenory deévice according to 25 any one of
clainms 8 to ébechrodes idungisti Wfirpel ycrydtatl énensilibonhfliams cont r.ol

el ectrodes are forned by M SFETs whi ch enpl oy said polycrystalline silicon
films as chaofieh donblerdaye:x conStrwchbnnolandleheepoiycdystaélineording
to 5 claim 17 wherein said channel portions consist of a plurality of
channel port sdhécomaf idms efhtdre cipper phayers| sexva aschhet fontrod.

A nonvol atil e_menory device according to claim 17 or claim 18 wherein the
gate el ectrofidegtredessai d M SFET consi sts of any one of a polycrystalllne
silicon fil an alum nium | ayer o asen1cog$uctor wel | i on. A
nonvol at} | e frénory devfb@QQﬁﬁi tTBERPBY nf'¢¥1GE. EFSPEF& g &ﬁereln t he

gate electroggyogne of claims 8 to 12, wherein said resistance

15 each consist of a polycrystalline silicon fil are fﬁ %\m unitary @

elements with control electrodes consist of poly-
crystalline silicon films of a double-layer construction,
the polycrystalline silicon films of tﬁe lower layers
serving as the controi electrodes.
10 14. A nonvolatile memoiy device according to
claim 13, wherein ﬁhe polycrystalline silicon films
.of the upper layers is connected to the word lines.
Y ..15. : A nonvolat;le memory dev1ce accordlng to
any one of clalms 8 to 14, whereln sald word lines
15 each consist of a polycrystalline silicon film and
are formed as unitary structures together with~respective
resistance elements which have associated control |
electrodes.
16. A nonvolatile memory device according to
20 any one of claims 8 to 14, Qherein said word lines
each consist of a polycrystalline silicon film and
are connected to said resistance elements which have
controlﬂeléctrodes by respective aluminium layers.
17. | A nonvolatile memory device according to

25 any one of claims 8 to 16 wherein the resistance



Gglﬁx sai of a pol ycrystalline silicon filmand a
sem co A nonvol atile menory- device according —
to cl al mﬂm“'"m"eul“mr vvherel n the gate el ectrode of said M SFET consij st"sJ' o
an al*umeni tm fay®er *and a sem - 20 conductor well region. 22. Aﬁ\,' o
nonvolatlle menory device according to any one of the preceding clains,
“ wherein the insulating filmon which9the reS|stance elenents are forned S
a field [err] flln1hhat isolates the el enents, A
nonvolat|?¥9ﬂ§ﬁﬁﬁyw éFPc@@%ﬁxﬁQﬂ?ﬁP¥dﬁkﬂ9t€ﬂ@e%fa€Pafﬁ§det8Y21 wher ei n
t he |nsula% fl|gl g ﬁh t he resisfance elfﬂgnts are fornmed consi sts of
a gate oxiHe 5° sepploy said RRlYFrystal fiRsr §14d6PRe according to
any one o recedin clal . whi ch further includes a peripheral circuit
includin @§r$§sc A LR mnel ‘and n-channel insulated gate type

e e el e BT s o
eSSy s 44 el Sarelahe SofdSat BIOKCT VLS
15 frO”’ﬁﬂﬁ?&Qﬂ@yrSS'GﬂdﬁﬂﬁTaﬂ&¥€i&ﬁ§Eﬂhé%réiﬁtCBRﬁEbeaa in
parallel with each other. -
19. A‘nonvolatile_memory deviée according_to
claim 17 or claim 18 wherein ﬁhe gate electrode éf
10 said MISFET consists of any one of a polycrystalline
silicon film, an aluminium layer or asemiconductor
well region.
20. A nonvolatile memory device according to
clgim 18 o:fcIaim 19, whe;ein the gate electrode of Nw\\'
15 said MISFET consists of a polycrfstalline silicon film |
and a’ semiconductor well region.
21. o A nonvolaﬁile memory device_aécording to
claim 18 or claim 19, wherein the gate electrode of
said MISFET consisﬁs of an aluminium layer and a semi-
20 conductor well.:egion.
22, A nonvolatile memory device according to
any one of the preceding claims..wﬁerein the insulating
£ilm on which the resistance elements are formed is

a field SiO2 film that isolates the elements;



are to be forned, formng a first polycrystalline silicon filmon said @g)'
firsL redgion; formmng a second pol ycrystalline si “m “MHI ”mHHi'Isai d
tiré&spolycrystalline silicon film on the field ! A and on
saitd>€econd region; selectively forning a mask on the second

pol ycrystalline silicon fil'mon'said field insulation filmin order to dope
the second polycrystalline silicon 25=30 1 mwi th I mpurities of a first

conductivity_type; -51-”ren0v23? sai d mask, and selectlvelz et chi ng said
first -and se®dnd pol ycPyHCAValatide meRPry | ¢oVicRAFRaFding, tRach said

menory cell, a floating qat.e 6|6Ctrﬁgf and a control ,gate electrode are |
~formed on 5 anYthFintca@dFﬁhﬁlﬁﬂ ¢eéhﬁﬁﬁ*%é?§ecbﬁ§?f?ﬁf@ﬁ g} Bortions
of -said first_and.second pal ycrystalline filmnms,_an fo ach.word line, a
esi ot ance. poP PBACROREE BRIF SRR dftnenedrand ornel SORRIIER st | ne
silicon filng#saggéggdo d%h%iﬁh?ld insulation film 10 and a gate '
el ectrode is Tor on e second region; selectively formng a mask on the

resistaqpe'pgggion of ;gh& (ggiﬂgﬂégﬁﬁﬁ%:ﬁé&{@bZ%+&ggai£#lgbon sai d

fiel'd insulation film opi ng sai cryst Ine sificon filmon

fgguﬁgf!gsin&#}aéhenoki&ﬁblimé%aéfﬁﬁféﬁAiﬁﬁ ﬁﬁibﬁefﬁfghéﬁgiﬁefuﬂégh
a peripheral circuit including a series circuit of
p-channel an& n-channel insulated gate type field effect |
transistors. | | | |
10 25. A process for produ;ing a nonvolatile membry
device according io claim 1 comprising the steps of:
forming a field insulation film so as to
isolate a first region where memory cells are to be
o formed on'the surface of a semiconductor substraég_
15 from a second region where.peripheral circuit portions
are to be fOrmed;
_ forming a first polycrystalline silicon film
on éaid first régioh;.- |
'_ forming a second polycrystalline silicon
20 film on said first polycrystalline silicon film, on
the field insulation film, and on said second region{
selectivély forming a mask on the second
polycrystaliine silicon film on‘said_field insﬁlation
film in order tb dope the second polycrystalline_silicon_

25 f£ilm with impurities of a first conductivity type;



K}

- the—%%rst’fﬁﬁﬂﬁETTVTﬁZ type such.that source and drain regions of the -

'--@m)ry mm“m E in the first region, and source and drain regi ons™~
are forﬁnnmn“ _ :

_ ral circuit portions of the second region; 20, ; =
forming & pfotkctfve filmon the substrate that has been processed by.t¢ﬁg
precedi ng steps; selectively reaniQ% said protective filmto formthrough
hol es such that parts of-the menory c¢élls in said first region and parts of
the resistance 25 portions on'the field insulation filmare selectively

exposed; and  -52- rbQigyiigy Wi Lk nd0BRPELESvEy! BECHERG'Y cells

and to the resistance portions via sald throug . . A process

accordi ng $9i&! i Psedand YeRidhd poﬁf&ﬁ{étsfiiﬁadsiﬁeeﬂ EQhps’ ystal line
silicon filnms are forned by the chem cal vapor deposition nethod. 27.

A process £§6R'€hag,t €oxl daBsald Q{lé&h@t?@cel\bﬁréi P18atdngi gakeand second
regions, and the polycrystalline silicon filmon the field insulation 10

filmare depectwb@e amduai idoertrafl tdetd i ¢ béctoodecarei Egringgeohy the ion
inplantation techni que. 28. - A process according to one of clains 25
to 27 Svherthe fhesti regiomd dedowgl ypedpecyivelyi censtitunvedf byns are
sel ectively etched such that the control | _ '
: portions of said first and second polycrystalline
films, and, fOr'each'wordlline, a resistance poftion
constituted by a pértion'of said second polycrystalline:
silicon film is formed on the field insulation film,
10 and a gate electrode is for.ed on the second region;
selectively forming a mask on the resistance
portion of said second pbchrystalline.silicon film
on said field insulation film, and doping said poly-- : _ %—{*\
'cfysialline silicon film on the fielduinsulation film ‘
15 ahd said first and second regions with impurities
of the first conductivity type such that source.and
drain regions of the membry cells are formed in the
first region, and source and drain regions aré formed
in the peripheral circuit portions of the second region;
20 ' forming a protective film on the substrate
that has been prodeésed by the ﬁreceding steps;
| ..seléctively removing said.protective film
to form thréugh holes such that parts of the memory
cells in said first region and parts of the reéistaﬁée
25 portions on the field insulation film are.selectively

exposed; and



15 gate electrodes fornmed on the first regi on and tThe resistance pUI‘tiOI‘l
f ormed Onthefleld|nsulat|onfllmareformedmiﬂum ' lmach -
ot her as unitary structures. 29 A process a "ﬂ&l"mmﬂ“mne of
ckai 20 25 to 28, wherein the polycrystalline sil%icbn ¥il"s Son*the first
and second regions and on the field ingulation filmare doped with
I'mpurities of the first conductivity‘§ pe, and then the second region is
doped with inpurities of the second conductivity type so that source and 25

drain regions of the econd con uGgt i vity t RE are ned |n the eri pheral
circuit portion. % Reta ‘;fr%’c%%s?ﬂ,‘b?ﬁ ‘g%f cl ai ms

omory el TE4E Be?Férﬁsp'ti‘%w%%f&%rt%lﬁ , RS dRsh 0%“8 @%@ﬁ@ b sard

second 5 ol ygrystalline filmwhich forn1respective termnals. of -the

sai d resistance portions. 31. A nonvol atil e nmenory devi ce, _
substantialdg, as any ﬂef:(i-B'cQ‘.%Q R¥RIraidd e q{fgﬁp%t%lfg@e?&cormanyl ng
drawi ngs. 10 32 A process for producing a nonvolatile nmenory

devi ce,s su@éf@tfﬁki aRdaRECHAAC ohgféz*ﬁﬁnim hsipicseresIh® the
acconpanyi ng draw ngs. PATENTS A

are formed by the chemical vapor deposition method.
27. A process according to clazm 25 or claim
26, wherein said first and second reglons, and the
',polycrystalline silicon £ilm on the field insulation
10 film are doped with impurities of'tﬁe first conductivity’
type by the.ion implantation technique.
.28. A process according to ene of claims 25 to
~§h _ 27 wherein the first and second polycryétalline silicon
films are selectively etched shch'that the control
.15 gate electrodes formed on the first region and the
resistance portions formed on the field insulation
film are formed in continuation of each other as unitary
structures. _
29. A process according to any one of claims .
20 25 to 28, wherein the polycrystalline silicon films
on the first and second regions and on the field insulation
film are doped with impurities of the first condﬁctivity
type, and then the second regioﬁ is doped with impurities
of the second conduétivity type so that source and
25 drain regions of the second conductivity type are formed

in the peripheral circuit portion. | »



Cl FI CATI 210 e followng corrections were allowed under .
tion 11 mm‘”mfﬁ Page 4 Line 24 delete gate after control =~ ™
.insert gat del ete gate after control insert gate THE , /..
“PATENT OFFI CE 3 Sept enber *1985 -53- : N\
30. A_process according to any one of claims

10

25 to 29 wherein the doping to form the source and
drain regions of each memory cell is performed

simultaneously with doping of portions of said second

‘polycrystalline film which form respective terminals.

of the said resistance portions.
31. -a nonvolatlle memory device, substantially

as any descrlbed herein with reference to the accompanylng

~drawings.

32, - A process for producing'a-nonvolatile"memory”
device, substantially as any described herein with

reference to the accompanying drawings.

PATENTS ACT 1977
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The following corrections were allowed under Section 117 on
16 August 1985

Page U4 Line 24

delete gate

after  control insert gate
Page 45 Line 13

delete gate

after control insert gate

THE PATENT OFFICE
3 September 1985



