SEM CONDUCTOR MEMORY DEVI CE The present invention relates to sepic teQl
merrot y- devi ces, for exanple an erasabl e programabl e ROM (or 'EEQ&%ﬁ?E%?%H'
generak, in EPROMs, a menory cell portion and a 5 peri pheral circuit
porﬂkgp’are constructed of N-channel type netal-insul at or-sem conduct or
field effect transistors (hereinbel ow~-k€ernmed "M SFETs") in order to attain
a high operating speed and a hi gh packagi ng density. In order to reduce €
current consunption, the i SEMICONDUGTORIMEMQRY|(DEVFGEtO formthe

peripheral circuit portion of conplenentary netal-oxide-sem conductor field
effect transistors (herein- below ternmed "CMOS"). It has been found,
however, that a probl%g%is posed by the nere use of CMOS, as wll now be

descri bed. 15 ATBEREF SRty JONRIN 119 FLLa%RP itP PG memory
conductor substr nd ;N- channel, M _SFETs_ ar,e respectively di sed within
the P-type well .d%K' bg%m e F%S’lm@r% c?r'{:g?"b%sh%ﬁ%eg Ff‘ﬁ"eqwat%ﬁse ﬂfog'ei(&’éd, and
because of the wighirpgrhetween the various elements, the contact 20 region
is inevitably arranged in a peripheral part of the well. Accordingly, the
di stance between an elangehe®ad ,t 1§ FPHML, LRI P dAlNGod1OUh A at hi s
reason, holes emtted froma transistor drain region into the well during
operation have perpphertlr eiglevd v ¢orit ent Vard dort i RSied B N-{chamerqh t he

contact region, and the resulting voltage drop conponent raises the
potential of type metal-insulator-semiconductor field effect transistors

(hereinbelow, termed “MISFETs") in order to attain a high

operating speed and a high packaging density. 1In order
to reduce current consumption, the inventors decided to

10 try to form the peripheral circuit portion of complementary
metal-oxide-semiconductor field effect transistors (herein-
below termed "CMOS"). It has been found, however,.that
a problem is posed by the mere use of CMOS, as will now
be described.

15 ‘A common P-type well is formed in an N-type semi-
conductor substrate, and N-channel MISFETs are
respectively disposed within the P-type well. A contact
region for grounding the well is provided, and because
of the wiring between the various elements, the contact

20 region is inevitably arranged in a peripheral part of
the y?ll. 'Accordingly, the distance between an element
and the contact region is rather long. For this reason,
holes emitted from a transistor drain region into the
well during operation have to pass through a relatively

25 high resistance to reach the contact region, and the

resulting voltage drop component raises the potential of



-2- the well, especially in a portion to which a high voltage (21 V or 25 V
for witing) is applied. In these circum stances, a P-N-P-N thyristor
structure formed of the drain (N-type), the P-type well, the N-type .-
substrate, 5 and .a P+-type diffusion region in a P-channel el enght of 't he
CMOS structure is triggered by the rise of the well potential and is turned
"on". It was feared that so-called |atch-up wopld occur and cause breakdown
of the elenent. 10 As a counterneasure, the inventors considered

attaining a high khheakdow) ¥gpkagalby agoptpogtasnotdsehignte high heo GBI
structure and di sposing a | ow concentration (N -type or P -type) region

adj acent to each drai v begkénv EortWrstéage, ihoappriedt heIdSthese circum-
manuf act uri ng process becones undesirably conplicated because such | ow
concentration registascesedat 8-BePfNr khHrssparasbryctnpecboeredt pe haii ns of

the M SFETs within the well, in particular, have 21 V &in the witing node)
and 5 V (in the r8&adiRg (Nod¥pedppFh8dPrh¥Pet Belindthe N-HKPE PRPEHEFEE/

acoordingl Y CBan0g el 1920 gk BBy ErERoRTh, ATEARARARE, rbE "
doscr bed Shove | e SHACEAREDEURLIE Y B0 SHERLA 69T B auceDefscen
drawback for high,RagkagikagtdaiShh¥ 28deLeHE8CHoRRLP $tZfas feared that
so-called latch-up would occur and cause breakdown of the
element. | |
10 As a countermeasure, the inventors considered
attaining a high breakdown voltage by adopting an offset
gate in the CMOS structure ana disposing a low
concentration (N -type or P -type) region adjacent to
each drain redion. Iﬁ this case, however, the
15 npanufacturing process becomes undesirably complicated
because such low concentration regions need to be
formed separately. Moreover, the drains of the MISFETs
within the well, in particular, have 21 V (in the writing
mode) and 5 V (in the reading mode) applied thereto, and
20 well potential accordingly changes between 21 V arid 5 V,
so that the writing - reading switching operation becomes
unstable.
Further, in tﬁe CMOS structure described above it
is necessary to provide a significant distance between the
25 walls and between the wellsand the diffused region. This
is a drawback for high packaging density and reduced chip

size.



-3-.1n a first aspect, the invention provides a sem - conductor nenory

- device conprising: a P-type sem conductor body; a nenory cell portion which
includes a plurality of 5 non-volatile nenory cells formed in a part of
_saihd sem - conductor body: and a peripheral circuit portion which is forned
in parts of said sem conductor body that are not provided with said

non-vol atile nmenory cells and whi ch=Bncl udes a 10 first circuit portion

made of circuit elenents_arranged to. be energized hy a_first voltage and a
second ci rcui tt"p8r £ioA rrﬁﬁ@ef)?' cgr?ecu‘i'fveé}eté‘r?é‘nt%oé{ﬁBéﬁg%ds?'?)l'be energi zed by

a second. Y l29e w5t Balisd doddfsdindl tage; said circuit elenents of
i ti on 1@ H% f )

said first circuit por bel 1rst. insul ated gate type FETs which

have N-type chapnelpeabdnidbfadO¥s®bdliy;ectly in the seni conductor body
while said circuit elenents of said second circuit portion are a plurality

of pairs of sacoedorgsubalegogaten twipiscH-Ehsludashaoplwhatitypaifi s conpri ses
a P-channel FET 20 and an N-channel PET. In a second aspect there is

pr ovi dedanverliasd 1ef mpanny ace L § nipwmsbdimenParéf of heafaveemi-on conpri si ng:
the step of formng.a field insulating filmon selected areas of one major
surface‘%ﬂ“4¥°ﬁprBgd¥énF9d25 conduct or body, said field insulating film

oL 0. o SR FRVERSULLEOE, oAk BRTLSORdUeL RO 1o 21 et
a part parts of said semiconductor body that are not provided
with said non-volatile memory cells and which includes a
10 first circuit portion made of circuit elements arranged to
be energized by a first voltage and a second circuit
portion made of circuit elements arranged to be energized
by a second voltage lower than said first voltage;
said circuit elements of said first circuit portion
15 being first insulated gate type FETs which have N-type
channels and, are formed directly in the semiconductor
body while said circuit elements of said second circuit
portion are a plurality of pairs of second insulated gate
type FETs, each of which pairs comprises a P-channel FET
20 and an N-channel FET.
In a second aspect there is provided a method of
manufacturing embodiments of the invention comprising:
the step of forming a field insulating film on
selected areas of one major surface of a P-type semi-
25 conductor body, said field insulating film isolating said
one major surface of said semiconductor body into at least
first, second and third areas;

the step of forming an N-type well region in a part



-4- of said first area so as to |l eave a body region in another part of said
first area; the step of formng a first polycrystalline silicon |ayer on
said three areas, and selectively renmoving said 5 first polycrystalline
'ayer to leave a plurality of gate el ectrodes on said second area and a / -,
first polycrystalline silicon filmon said third area; the step of forniAé s
an insulating filmon the surfaces of sajd plurality of gate el ectrodes and
said-10 first polycrystalline silicon filmrespectively fornmed on said
second area and sabfl ddiid Fiadlseaarthesstep ©f Ffewve pgbadgeconion in another
pol ycrystalline silicon layer on the first, second and third areas; the
step of selectivelgartermfvisagdsdiidsseaoerl; 15 polycrystalline silicon |ayer

and said first poly- crystalline silicon filmto forma pluraljty of gate
el ectrodes on said wel | @Hfd st68y of e§PHRL D2 SHifF Y PPy gy 852 hhtn o“fld'i%rﬂ“
gate el ectrodes of_ non-vol ati.le nmory cells_on said third area,. 2 .

the step of introdh%??ﬁ)9ﬂ1ﬁﬁ}9yﬁg¥?ﬁp%f???'i?ﬂ%l%?i%ﬁtﬁgaéyrE%T%ﬁﬁ?é)%ﬁﬁdd
first area, and saj hed a ' S |
plurality of gg’t ea%ﬁe%%?&ggﬁgﬁgrg%igﬁ is%?édr l?%od;}%rag%i %npg?‘%g}f(tdé?cﬁjs%ataer ea

and on said Seconcéngkﬂdae%ﬁo@rgaid EQ@éﬁﬁUhﬁé%'%Qﬁnhafﬁkﬂﬁabéiybﬁysﬁailine
N-type sem conductor regions; the step of introducing a P-type inpurity

into _silicon film on said third area;

the step of forming an insulating f£ilm on the
surfaces of said plurality of gate electrodes and .said

10 first polycrystalline silicon film respectively formed
on said second area and said third area:;

the step of forming a second polycrystalline
silicon layer on the first, second and third areas;
the step of selectively removing said second

15 polycrystalline silicon layer and said first poly-
crystalline silicon film to form a plurality of gate
electrodes on said well and body regions of said first
area and to form gate electrodes of non-volatile
memory cells on said third area,

20 the step of introducing an N-type impurity into said
bddy region of said first area, and said second and third
areas by using as a mask said plurality of gate electrodes
formed on said body region of said first area and on said
second and third areas, thereby to form a plurality of

25 N-type semiconductor regions;

the step of in;roducing a P-type impurity into
said well region of said first area by using as a mask said

gate electrode formed on said well region;



said well region of said first area by using as a mask said gate el ectrode

formed on said well region; -4a- the step of formng an insulating film
on said first, second and third areas and selectively renoving this
insulating film thereby to formggatact holes; and 5 the step of

¢ ~ J I . g ol 1 : duct
ormng Wri thge}?}*"é@ff?gf‘Q’ﬁﬁg"/V'E*’%@P*g‘%u%?“‘ ¥n 0fa s&m conduct or

regi ons through's nbodi nent the present invention

Wi Il nowdie (des el ddl 44iidid atWayeunal sexaspl el bmbefrgence 10 fo
t he acconpanying-draw ngs in which: Figure 1 is a partial block diagram of

a first amiedijneul atfidd e idnesaHertdby@nto Oforki ohtaldti Bodeparti al

equi valent circuit diagramof the first enbodi nent; 15 Figure 3 is a
partial s@gig onal view of nmenory cell and peripheral circuit portions of
the first enbodinment; Figure 4 is a partial sectional view of the high-

vol tage circui thef szepeoindoemiod MHind I HHES W LW And& partia
sectional views of stages 20 in one nethod of the manufacture of the first

enbodi nenwWithi gadds pdarad i6g afe seavitdoaldurasd ONed i o £Vh&udl | nci pal
stages in one nmethod of the manufacture of the second enbodi nent.
said contact holes,

Embodiments of the present invention will now be
described, in detail, by way of example, with reference
10 to the accompanying drawings in which:
Figure 1 is a partial block diagram of a first
embodiment of the present invention;
Figure 2 is a partial equivalent circuit diagram of
the first embodiment;
15 Figure 3 is a partial sectional view of memory cell
and peripheral circuit portions of the first embodiment;
Figure 4 is a partial sectional view of the high-
voltage circuit of a second embodiment;
Figures 5A to 5I are partial sectional views of stages
20 in one method of the manufacture of the first embodiment;
Figures 6A to 6C are partial sectional views of
principal stages in one method of the manufacture of the

second embodiment.



-5- Figure 1 shows a bl ock diagram of the essential circuits which are
arranged on the chip of an EPROM Sel ection signals from an address~buffer
AB are respectively supplied to nenory cells MCEL through an 5 X@geCOder
X-DEC and a Y-decoder Y-DEC. In addition, input signals fromor output
signals to an input/output buffer |OB-dre supplied thereto or therefrom
through a witing circuit WC or a sense anplifier SA. To be noted here is

t hat -t he respective decoders X-DEC and Y-DEC, sense 10 anplifier SA and

i nput/output buffer |GB§@rehi CEhbRY ¥OblSEIESq PRPF O OB Ehy E8sahtifl a
reading voltage (5 V) are applied are constructed of the CMOS descri bed
before, and that ¢ivcodts iwigichratietayfahgedhoshthe hélhpvettageEpRAMY or 25
V) is applied is entirely constructed of NN 15 channel M SFETs which are
di sposed in a P-tSgkectiben raignalsifsenfan Rédres® shbHfisr phBtané equi val ent
circuits of the respective decoders, the nenory cell portion, the witing
circuit and the iFRIRgRAYRAY bSHPRI10E ERTETPON e0blh B-CELnthrgugk an
Here, the "wrjitin Té;rcuitn1is equi yal ent ' to g hi gh voltagﬁ application
circuit to whlch GRIeE X REF 12 Y ET9§cedenphrPEG:  FReapdi t18R,  iPUL

uhy oh e 1ead MU PO SR b3 SHEBAF el Sl ATKN LSBT0 GEbBeer
IOB are supplied thereto or therefrom through a writing
circuit WC or a sense amplifier SA. To be noted here
is that the respective decoders X-DEC and Y-DEC, sense
10 amplifier SA and input/output buffer IOB to which low
voltages approximately equal to a reading voltage (5 V)
are applied are constructed of the CMOS described before,
and.that the writing circuit WC to which a high voltage

(21 V or 25 V) is applied is entirely constructed of N-

15 channel MISFETs which are disposed in a P-type substrate



10 system Referring to Figure 2, nmenory cells are formed of N channel

M SFETs [err]. [err] in the vertical and horizontal directions, the
N-channel M SFETs having a dual gate structure which 15 consists of a
floating gate and a control gate. Common word lines W, ...... Wn whi ch
coupl e the control gates, and common bit lines D1, . ..... Dnwhi ch coupl e
the drains of the M SFETs are intersectingly arranged in the formof a _
matri x. Each word line is connected, at one 20 end, to the X-decoder X-DEC
t hrough aitsebh&fer gate of the depletion node [err] and at the other end,
to a power source termnal [err] .through a high resistance el enent R1,

..... or Rm cofk949%&it3 mpoyspRartig) eapivaterorc tidisng t fif®word line. The

respective 25 bit |ines.are n t 4 1,Ng Gircui:t . and the
input/outﬁﬁfp?ﬁﬁ¥i§ 4%§?qﬁ%édu§ﬁgs&§b§g¥ngek?gg%gégﬁdgwﬁhe %glgﬁﬁgﬁsnland by
a_common Pitcd]deand lthadigutyButble sakesr ofe tdiee koM @hblnand [err] are
-7- respectively connected to the Y-decoder Y-DEC through transfer gates of
t he depl eihopigueke I er redeyr ther "wattihe chteuieliix equdviaiieans bet ween t he
switching FETS. [err] and the transfer gate 5 M SFETs [err] high

r esi st anckoed emigh svdldrage dpplipatdapt finciuhy o plichufphel wedatingdre

connected m

voltage V is applied. The portion to which the reading

PP

voltage V is applied is distinguished as a reading

CcC
voltage application circuit from the writing voltage
10 system,
Referring to Figure 2, memory cells are formed of
N-Channel MISFETS (QMl"l' s 0o 00 QMl_n) - (QMm"'l' s e 000
) in the vertical and horizontal directions, the

Qum-n
N-channel MISFETs having a dual gate structure which
15 consists of a floating gate and a control gate. Common
word lines Wl' ceeen Wm which couple the control gates,
and common bit lines Dl' oo Dn which couple the
drains of the MISFETs are intersectingly arranged in the
form of a matrix. Each word line is connected, at one . ~
20 end, to the X-decoder X-DEC through a transfer gate of
the depletion mode QTl’ creee O QTm' and at the other
end, to a power source terminal VPP through a high
resistance element Rl' ..... or Rm constituting a pull-
up circuit for charging the word line. The respective
25 bit lines are connected to the writing circuit WC and
the input/output buffer IOB through switching MISFETs

Qsl, ..... and QSm and by a common bit line. 1In

addition, the gates of the FETs QSI' ..... and QSm are



bet ween t-hese positions and the power source termnal [err]. The
X-decoder. X-DEC is constructed of a plurality of pairs each consisting_Pf“ 
a .P-channel M SFET Q6 and 10 an N-channel M SFET Q7. On the other hanﬁﬁﬁ,
t he. Y-decoder Y-DEC is constructed of a plurality of pairs each consisting
of a P-channel M SFET B8 and an N-channel M SFET [err]. Further, the

| nput/output buffer 10Bis simlarly constpyfjed of a pair consisting of a
P- channel 15 M SFET Q4 and an N-channel M'SFET (6. The |low voltage is

applied to the X- d%%%%rcté(g???’oﬁgﬁ?ﬁgf@ﬂto “RC AR el RPPEE Ouk Paligrbuf fer

| OB nentioned above.” T'n a e witing circuit is constructed of

N-channel M SFETs [w@ianlsrarogdcubi 68 the Mpilidd @loce bs,of the, 20and g, .
depl etion node. The high voltage is applied to the cir&uit constructed of

such M SFETs of thewuwithgre ababhel inRefmediate rpowittd ohisgheew8ent tiee
construction of the principal portions according to the present enbodi nent
wi Il be described. SPitshinguFBTSh@usr a- sect iQyy, @Mdaths trapsfenfIate nenory

N tion MCEL t her with secti f 't ti SFETs | e,
S [o0r] of thE vl TEFREEcRranrf - and: (P nOUHo RS AFF o SRENNE iy 7
Fi 2. Th ti i . Lel il
S Bovi ded on one riaar Sarr SORTEREUBLATS AL AR HeHuPY S Corfidded |G

the correspondi ng Meehebn @hesbopsBit 1badlidhd hhe PoRREt K¥Brek cEBAimdEAS.
It is 5 a characterizing feature that, particularly in the

VPP' The x—decbaer,' X-DEC is constructed of a plurality
of pairs each consisting of a P-channel MISFET Qs and
10 an N-channel MISFET Q.. On the other hand, the Y-decoder
Y-DEC is constructed of a plurality of pairs each
consisting of a P-channel MISFET Q8 and an N-channel
MISFET Q9. Further, the input/output buffer IOB is
similarly constructed of a pair consisting of a P-channel
15 MISFET'Q4 and an N-channel MISFET QS' The low voltage
is applied to the X-decoder X-DEC, Y-decoder Y-~DEC and
the input/output buffer I0B mentioned above. 1In addition,
the writing circuit is constructed of N-channel MiSFETs
Ql’ Q2 and 03, among which the MISFET Q2 is of the
20 depletion mde. The high voltage is applied to the
circuit constructed of such MISFETs of the single channel,
Referring now to Figure 3, the construction of the
principal portions according to the present embodiment
Wwill be described. This figure shows a section of a
. 25 vart of the memory cell portion M-CEL together with
sections of the respective MISFETs Ql’ Q2 and Q3, and
Q4 and Q5 of the writing circuit and the input/output

buffer shown in Figure 2.



peripheral circuit portion, the high voltage systemto which the witing
voltage is applied is entirely constructed of N-channel M SFETs, which the
| ow vol tage systemto which the reading voltage is applied is 10
constiructed of CMOS including an N-type well 3. Regarding the M SFETs [err]
of the high voltage system and [err] type source region 4 of [err] is
connected to the sense anplifier SA,githe high voltage [err] is applied to
an N - type drain region 5 common to [err] is made 15 to operate in the™
depl eti on noderhey respecpivet yleopnngateyerar® iisod atkdnhgl £petdi on. The
other N +-type diffusion region 7 of Q is common to [err], and an N -type
source reyQn B lgrs @ rrovidednerdoncta] e euntages of, algoBReNn11 of the

FET [l f d of 20 f [
i eon {e?eqyeqqiﬁéléi%on?éﬁn%‘arﬁs?;”‘é. 358 Shmanrecpondics NasERtYSE T hal car e
al um num e} Cftor?n ?wiilzh\ﬁ”nr k__gga% Qg %H{ er% tmémg gl 1§F Pgl cates a gate

oxi de f|In1 nuirer a a sur ' a po y Si m and nuner al

18 a pB°S§”Eha£EEE%ﬂth%Eefghéﬁﬁeftﬁ&%c;%&géﬁ%d?&%i& handpet he i nput buffer
of the | ow voltage systémis nmade of whi ch consists of the N - 9-

channel MédfipheRalard rchetPpohanoe] tMSHEGH A 01ltAGeNsy¥pemsearce regi on 19
of [err] is grounded, and an N err]-type drain region 20 thereof is

connect edvhiiath thePwirdtihgt ypdtagé fisiapplicy dis 2htdke@¥ by an al umi num
wring leggLstructed of N-channel MISFETs, which the low voltage
system to which the reading voltage is applied is
10 constructed of CMOS including an N-type well 3. Regarding
the MISFETs Ql - Q3 of the high voltage system, and N+-
type source region 4 of Ql is connected to the sense
anplifier SA, the high voltage VPP is applied to an NT-
type drain region 5 common to Q1 and Qz, and 02 is made
15 to operate in the depletion mode by an impurity doping
layer 6 in a channel portion. The other N+-type diffusion
region 7 of Q2 is common to Q3, and an N+-type source
region 8 of Q3 is grounded. Gate electrodes 9, 10 and
11 of the respective FETs Ql - Q3 are all formed of a .
20 first layer of polycrystalline silicon (hereinbelow,
termed "poly-Si"). Numerals 12, 13, 14 and 15 indicate
aluminum electrodes or wiring leads. Likewise, numeral
16 indicates a gate oxide film, numeral 17 a surface
oxide film of a poly-Si film, and numeral 18 a phospho-
25 sjilicate glass film,

On the other hand, the input buffer of the low

voltage system is made of CMOS which consists of the N-



5 22. The other Plerr] -type region 23 of Q is connected to a | ow
vol tage source together with an N + -type feeding region 24 of the well 3.
Respecitve gate el ectrodes 25 and 26 of both the FETs Q4 and b are forned
of a second | ayer of poly-Si, and are inter- 10 connected. Likemﬁsd<ﬂ0

nunmeral 22, nunerals 27, 28 and 29 indicate alum num el ectrodes or wring
| eads. In addition, nunmeral 30 indicates a surface oxide filmof a poly-S
film- The menory cell M CEL has a double-layer“poly-Si 15 gate structure,

in_whi ch a controkygghe) 3gréfepiacke QYR pachhRALLNGIGAF BL. Bal wen the

respectively adja gate structures, there are forned N[eﬁﬂ -type

di ffusion regionstgge 34updd Bhyicmg othigghikhgroegded, hd arcainegped to
a da.ta line 36 of a alum num 20 As “descri bed"above, the high
vol t age syst em of drh¢npeegpdrerzl ttieredft i coneacteé| withrasth udty®e of t he
N channel M SFETs di sposed on the substrate 1 itself, and if does not

i nclude el ements @ifusbenwedian t2le AfelQy & PR ARBTEME WiF Ry &S cri bed.
Thereror e, YO 230 MRe! Bepfl 4 VPSR b oP0B LEF AR ey Tuoed
O venyoa oy o, CoziR BUETPOECRMe IiSRe coptineiuIuAtoh HELLBIAEY, S0 b
CMOS, P [err]- tygeed@H§CLedi¢h 2 AidE ra@ el 1wayl drbepde spwseghtd t hi n
electrodes 25 and 26 of both the FETs Q, and Q5 are
formed of a second layer of poly-Si, and are inter-
10 connected. Likewise to numeral 22, numerals 27, 28 and
29 indicate aluminum electrodes or wiring leads. In
addition, numeral 30 indicates a surface oxide film of
a poly-Si f£ilm,
The memory cell M-CEL has a double-layer poly-Si
15 gate structure, in which a control gate 32 is stacked
over é floating gate 31. Between the respectively
adjacent gate structures, there are formed N+ -type
diffusion regions 33, 34 and 35, among which the region
33 is connected to a data line 36 of a aluminum.
20 As described above, the high voltage system of the
peripheral circuitry is entirely Eonstructed of the N-
channel MISFETs disposed on the substrate 1 itself, and
it does not include elements.disposed within the well
as in the CMOS already described. Therefore, even

25 when the high voltage VP is applied to the diffused

P
region, the situation where the well potential fluctuates

does not occur at all, and the latch-up phenomenon based



an N-type well. \When such P [err]-type regions exist, the 5 well potential
fluctuates on the application of the high voltage and the fluctuation acts
as .a triggering source, as already described, so that a P-N-P-N thyristor
formed between the Plerr]-type regions and, for exanple, N [err]-type

di ffused regions on the nenory cell side is 10 rendered conductive. In
contrast, the construction according ti+the present enbodi nent does not

i nclude such a thyristor structure. Mreover, although carriers generated

on the appth HGhorf l9CtERE1ANGR3T PR REEYSNHAE 9Ky SPESGEISIEI®m of t he

resent enbodi.nent. ar rel throu t he substra Itself, the
8i st ance t’rﬁ?gﬁj’gan Wi cﬁ'o#?ig?gmg)g%g?% ‘Oh %/gg;asbﬁlgﬁgegs?tehéﬁg)%fc ness of the
substrate dypand BeRCang! BRal ASHLE] 5Ks vm%la%edrdq%gbéeanakkhﬂ he potenti al

fluctuation of the sub- strate 1 is accordingly small, so that latch-up is
not 20 |i kel witgpeceenlbet wren sben e eyl tragd ongserisapdehle FET Q4 of
the I ow voltage system In this connection, in the CMOS of the | ow voltage
system5 t eI\ tootentdlal Elpcthakes on thee dppdivaltisgeof5the, and potenti al
fluctuations are not likely to_occur 25 therein. Therefore, no triggering
source exilt# ivieltrgenang zBﬁi6%9°%Hﬁ$¥%ﬂ(ﬁ?ﬁ§ba@aﬁ B&EiggeFERAct orily

R TP Pt R e A
operation g5 dMdekGeen the Pt -type regions and, for example,
N+-type diffused regions on the memory cell side is
10 rendered conductive. In contrast, the construction
according to the present embodiment does not include
such a thyristor structure. Moreover, although carriers
generated on the application of the high voltage in the
high voitage system of the present embodiment are
15 released through the substrate 1 itself, the distance
through which they move is only as long as the thickness
of the substrate 1, and hence, the resulting voltage
drop is small. The potential fluctuation of the sub-
strate 1 is accordingly small, so that latch-up is not
20. 1ike1y-to occur between the high voltage system and the
FET Q4 of the low voltage system.
In this connection, in the CMOS of the low voltage
system, the N-type well 3 is fixed at the low voltage
(5 V), and potential fluctuations are not likely to occur
25 therein. Therefore, no triggering source exists in
the well region, and latch-up can be satisfactorily
prevented. 1In consequence, the peripheral circuit

potions of the present embodiment become stable also in



Further, since the high voltage systemhas the structure formed with ng~" -
wel | as descri bed above, the size of the elenent area can be reduced td
that extent, 5 and enhancenment in the density of integration can be
attained. The pull-up resistor R shown in Figure 2 may be forned of, for
exanple, a high resistance poly-Si filmwhich is disposed over the
substrate 1 on an insulating 10 film Alternatively, a P-channel M SFET
structure wherein such poly-Si filmis selectr¥®ty doped with an inpurity
so as to form P+ -type source and dr.ain regions and erein the Ly-S

part between the t&%grﬁﬁ}iﬁﬂﬁi?; "§ssﬁlgﬁ§hﬂgl?pﬁﬁ3 M @ g V@?%éd on
the substrate 1. 15 1n tols, M SERE rt‘ﬂ%tw}igghwftg Al P HaisOR hERY -be

made | ow in resistance by rendering the conducti've 1n the witing

mode and i gh in reeksLenre fBirid WALRO nbl wb Dl Oal Nge ATl Atioves shate in
t he readi ng node, but the channel portion may well be doped with an

inpurity 20 and fogied oftEhé & atknteairshoranf beheediepddtticothasdextanpway,
the P-channel M SFET is isolated fromthe sub- strate 1. Therefore, it is
not feared at al b &ahdtenchandemastt um ddecdepsdtBepbr bntRITatigle GnabE

t hrough the substrate 1 on application of the high voltage [err] 25

Since, in the pres@htaéf®ddi nent, the memory cells are entirely forned of

 channel M SEETS: o4 e T8 T g I ORI T i 5
formed of, for example, a high resistance poly-Si film
which is disposed over the substrate 1 on an insulating

10 film. Alternatively, a P-channel MISFET structure
wherein such poly-Si film is selectively doped with an
impurity so as to form P+-type source and drain regions
and wherein the poly-Si part between the two fegions is
used as a channel, may well be formed on the substrate 1.

15 In this MISFET structure, the channel portion may be
made low in resistance by rendering the MISFET conductive
in the writing mode and high in resistance by bringing
it into the nonconductive state in the reading mode, but
the channel portion may well be doped with an impurity

20 and formed into a load resistor of the depletion mode,
Anyway, the P-channel MISFET is isolated from the sub-
strate 1. Therefore, it is not feared at all that the
latch-up described before will take place through the
substrate 1 on application of the high voltage VPP'

25 Since, in the present embodiment, the meniory cells

are entirely formed of N-channel MISFETs, switching FETs

as in the case of forming memory cells of P-channel

MISFETs are quite unnecessary. Also in this sense, the



-12- density of integration can be enhanced. The peripheral circuits
aéqqrding to the present enbodi nent exhibit sufficient breakdown voltages
gspecially in the witing node. If a still higher 5 breakdown voltage is
desired, the offset gate structure shown in Figure 4 can be adopted. In,
for exanple, the MSFET [err], the gate is con- structed of the first |ayer
of poly-Si film9 and a second | ayer poly-Si film37 partly overlapping
the 10 film9, and a | ow concentratioA"N -type region 38 is dis- posed on

the drainside,of ok e, poLY: Siod l0yn el ByfapEERST Lo adjoin the high

concentraglon ype T egi on e second | ayer of poly-Si film 37

and the drain §ggi 9&r Podfa 15 raluit3e abbBRayYRy t BSEL NP rWert Separat e
voltage 15 is applied to the poly-Si film37. thus, the high electric

field of ehbodimént i exiiier aturd il eatdepkakdown | eykBtagds ch extends fromthe
P-N junction between the | ow concentration region 38 and the substrate 1,
so that tRepgaaallyyimftheamdidring modet helfi desbill Heidhmmrce 20 region 4
or the quantité of holes to be released fromthe P-N junction portion into

the suBst PRE&KJoPRCYRHRge im&esised, the ALESet IRt StRugtdE attributed to
t he concegération €%$the arrig;s g@p&% drain side | essens, and the source

- drain bP&8KkHBohh e’ B 5 § Now, a nethod of
manuf acturing the 53¥K34§HE%M1id%eFMQB?EE3QEi'£%@e§&¥¥ﬁi§tﬁﬂ%JM th reference
i glre

to Figures SA - Bl First, as shown in A “an N-type well 3 and

structed of the first layer of poly-Si film 9 and a
second layer of poly-Si film 37 partly overlapping the

10 £ilm 9, and a low concentration N -type region 38 is dis-
posed on the drain side of the poly-Si film 9 in a manner
to adjoin the high concentration N+-type region 5. Both
the second layer of poly-Si film 37 and the drain region
5 are set at the high voltage VPP’ or a separate voltage

15 is applied to the poly-Si £ilm 37. Thus, the high
electric field of the drain is moderated by a depletion
layer which extends from the P-N junction between the
low concentration region 38 and the substrate 1, so that
the quantity of carriers from the side of the source

20 region 4 or the quantity of holes to be released from
the P-N junction portion into the substrate 1 decreases.
Therefore, the negative resistance attributed to the
concentration of the carriers on the drain side lessens,

and the source - drain breakdown voltage BV rises.

DS

25 Now, a method of manufacturing the EPROM shown in
Figure 3 will be described with reference to Figqures 5A
- 5I.

First, as shown in Figure 5A, an N-type well 3 and



-13- afield Si@ film2 are respectively forned in and on one naj or -
surface of a substrate 1 by ion inplantation and drive diffusion and byﬁpﬁe
sel ective oxidation technique enploying an Si3N4 film 39 as a mask. For. ™.
brevity of 5 illustration, P +-type channel stoppers are omtted (also in
Figure 3). Subsequently as shown in Figure 5B, the Si3N4 film 39 and the
underlying SiQ2 film40 are successively rengxgg by etchi ng, whereupon gate
oxide filns 16 are 10 forned in respective el Eent areas by a gate '

oxi dati on techni qug $yeiaas; ¢ neififl P, dakedRecEL P! eofhdislh 4ha0bn

photoresist or the |ike is prdvided in a predeterm ned pattern, and an ion

beam 42 of arseni Cohe hapbANSEEdde dfl @WsdBserate fopyn foshialdiAtation
ion-inplanted region 6 for 15 a M SFET of the depletion node. The nmask 41

may wel | be such 't hed dnivei GZfhsilom and bihehe seflectd vefoxiifiationbethmigeel i s
provided with a step. In this case, the ions may be inplanted through only
the thin [err] pareBPleubre@reriiyN, 441ghdAnasnaFmgeke ROT PHSHidY Pdyer 20

of poly-Si filmgro on the whaql+e surface by the chem cal vapor deposition
Cechni e (her oi Abol DHECFAF Faty HansHpe ShangésnaraPRert i AbERe (o150
phosphor us inpuritx%,Fgggrét3'§ thereafter patterned by the photoetching
technique so as to leave a poly-Si film43 covering the 25 whol e surface of

the menory cell portionggpsedldnt185RECIShvanddhereyess roslescd sionang¢iih of
the M SFETs of a high voltage application circuit, being a perlﬁhéral
39 and the underlying Sio2 film 40 are successively
removed by etching, whereupon gate oxide films 16 are
10 formed in respective element areas by a gate oxidation
technique such as thermal'oxidation. Further, a mask 41
of photoresist or the like is provided in a predetermined
pattern, and an ion beam 42 of arsenic is implanted in a
low dose, to form a shallow ion-implanted region 6 for
15 a MISFET of the depletion mode. The mask 41 may well
be such that an Sio2 film on the surface of the substrate
1l is provided with a step. 1In this case, the ions may
be implanted through only the thin Sio2 parts,
Subsequently, as shown in Figqure 5C, a first layer
20 of poly-Si film grown on the whole surface by the
chemical vapor deposition technique (hereinbelow, termed
"CVD") is phosphorated (doped with phosphorus impurity),
and it is thereafter patterned by the photoetching .
technique so as to leave a poly-Si film 43 covering the
25 whole surface of the memory cell portion and the
respective gate electrodes 9, 10 and 11 of the MISFETs
of a high voltage application circuit, being a peripheral

circuit.



circuit. -14- Next, as shown in Figure 5D, thin SiQ2 filnms 17 are grown
on the surfaces of the respective poly-Si filns 9 - 11 and 43 by the

t hetrmal oxi dation technique, a second |ayer of poly-Si film44 is
thereafter formed 5 on the whol e surface by the CVD process, and the
poly-Si film44 is further doped with phosphorus (phosphorated). Next, as
shown in Figure 5E, photoresist 45 i-d4exposed to light and devel oped into a
mask of pre- determ ned pattern, which overlies the high voltage 10 N
system ci rcui t Vp¥EL i dhsSRAVR H FdausRerllr EPERUPEOpoFii®hd” Etching is
performed for both the poly-Si fil 44 and 43 of the nmemury cell portion
t he poly-gfefﬁFﬂVﬁ4°%nt$)EQQé%ﬁQﬁﬁ g§g§h§y§F§ﬁ$3?+%ﬁnR°ﬁﬁf % ons of the

peri pheral gl LCcyi L ril e +RePRa1f '7éyq%- o Thus, poly-S
films 32 gﬁghélyof ?ﬁeé%’gﬂﬁ gwltg%ertﬁggﬁgls??g@?%f%&atre elf ei'n t he nenory
cell portioBecand DP&yor Bf fod1ye-535 Fand 26 i85 thersdene Forgrige el ectrodes

are left in the peripheral low voltage circuit portions. Subsequently, as
shown i5n Bngthe ®kolé¢ heumfamr \by? @ heelCNDpprbcess angnd hehgaralyldial | ow
"vol tage systemcircuit portions are now covered with different photoresist
46, whi chfidmydedigsterhen dapedetiditiongheRehpBRy - Phasphareredid [err] filns
17 and 16 of the P! o VAdAPS S FiTe BB, CphbeBRLL1 QNS4 N Successi on.
exposed to 1i§ht and developed into a mask of pre-
determined pattern, which overlies the high voltage
10 system-circuit portions of the peripheral circuit
portions. Etching is performed for both the poly-Si
films 44 and 43 of the memory cell portion, the poly-Si
film 44 on the low voltage system-circuit portions of
the peripheral éircuit portions and the SiO2 films
15 17 and 16. Thus, poly~Si films 32 and 31 of the double-
layer gate structure are left in the memory cell portion,
and poly-Si films 25 and 26 in the shape of gate
electrodes are left in the peripheral low voltage circuit
portions.
Subsequently, as shown in Figure 5F, the memory
20 cell portion and the peripheral low voltage system-circuit
portions are now covered with different photoresist 46,
which is used as a mask for etching the poly-Si film 44
and Sidé films 17 and 16 of the high voltage system-
cirguit portions in succession.

25 At the next step, as shown in Figure 5G, a thin

SiO2 film is grown by the thermal oxidation technique



25 At the next step, as shown in Figure 5G a thin [err] filmis

grown by the thermal oxidation technique -15- so as to extend fronlthe
surfaces of the respective poly- Si filnms to the exposed surface of thq
substrate 1, whereupon the well 3 of the peripheral |ow voltage ~ 7

SyStEﬁ}CIrCUIt portion is covered with photoresist 47, 5 a part of which is
renoved. In this state, an ion beam 48 of arsenic is |nplanted in a high
dose so that the ions may be selectively inﬁT 'Ted i nto predeterm ned

regi ons by enpl oyi ng as ma

the field [err] fifm3® a&‘r"det"ﬁsnbhgfg’“ {58 sldsdBes o the ?Esgggu‘% -type

source or drain regi g0 3 che Bxpdfeaurfibe Ut aRd Iapgtrhbe 1pspect ive

FETs are formed o e si correspondi ng gate el ectrodes by

the sel f-alignmenty,yat n @Rd @B1N+3-6Fpene P righaragi apw2dolsagermed in
the well 3. As the 15 aforenentioned nmask in the operation of inplanting

the ion beam of arsystiem-cimchdtr pottLomf s nealdnedCWd timphbsouseist nst ead.
At the next step, as shown in Figure 5H the sub- strate (except for arts
of the well 3) 5s adaxowns #bigh i FAMQYed er oMt HHG GtéSest 2B91ORAPE

Sgﬁfcgsr2gfr§ﬁsz1°r%r@f'r%nrtﬁ'e%§. o zgpﬁg‘i‘@%@oﬁfgﬁog&%ﬁ Ssrrsga%ﬁéé%t%fe
side of the poly- CPJélﬂHSZ%e skReBe§ 0618, hp Pantdh [t §Ebbghggﬁﬂﬁgdby CVD

may be used i nst eat
regions by employing as a mask the poly-Si films 9 - 11,

25, 26, 31 and 32, the field Sio2 £ilm 2 and the photo-
10 resist 47. In this way, N+-type source or drain regions
4, 5, 7, 8, 19, 20, 33, 34 and 35 of the respective FETs
are formed on both the sides of the corresponding gate
- electrodes by the self-alignment method, and an N+—type
contact region 24 is formed in the well 3. As the
15 aforementioned mask in the operation of implanting the
ion beam of arsenic, an SiO2 film formed by CVD may be
used instead.
At the next step, as shown in Figure 5H, the sub-
strate (except for parts of the well 3) is now covered'
20 with different photoresist 49, which is used as a mask
for implanting an-ion beam 50 of boron so that P+—type
source region 21 and drain region 23 may be respectively
formed on either side of the poly-Si film 25 within the
well 3. An SiO2 film formed by CVD may be used instead
25 as a mask for implanting the ion beam 50.
Subsequently, as shown in Figure 5I, a phospho-
silicate glass film 18 deposited on the whole surface by

CVD and the underlying SiO films are successively

2



25 as a mask for inplanting the ion beam 50. Subsequently, as shown in
Figure 51, a phospho- silicate glass film 18 deposited on the whole surface
by CVD and the underlying SiO. filns are successively 2 -16- etched, to
fohnv{espective.contact hol es. Next, alum numis deposited on the whole
surface by the vacuum evaporation technique and is thereafter patterned by
t he photoetching technique, to formthe6+espective alum num5 el ectrodes or
wiring leads illustrated in Figure 3. Figures 6A - 6Cillustrate a nmethod
of form ngetdkedi fisrtfora Fespeagsiue ecembawt i lRyur ekt | RLABEAIAG thi s

structure, the ion-inplanted region 6 is formed in a somewhat | arger area
by the stepS OQGHQFIqﬁr%lﬂ"e the WRALEeBYT EAFHWPE drite @S ™on N - type i on-

i npl anted regi on 6. whi,.ch,extends qver the depletiaon,mode .FET and the FET
o for med SCRTHRA o e aSR AR TE SR B TR RB A Y e EREC T SOy the

gate el ectyppsiese iy @candqhle §SCE’6‘P|m|@!&/@rrégpheQ:f@in_'eSialUnhﬂhﬂ“ are 15

formed as shown in Fi'gure 6A." Subsequently, as shown in Figure 6B, by the
step ofs Fi glect dfdemndrusiitdngheepist Ol PesStatddd dn Figazle, 3t he second | ayer

of poly-Si filmis etched so as to be partly left while overl apping the
poly-Si film 9.Fithmes tole -26Csaéddndtrayera ofeuld/ o forlim87 in Figure 4 is
Formed. e e e gate 3toliteule’ shows tn pigure 3.0 '™
In forming this structure, the ion-implanted region
6 is formed in a somewhat larger area by the step of
10 Figure 5B, whereby a low concentration N -type ion-
implanted region 6 which extends over the depletion mode
FET Q2 and the FET Ql is formed as shown in Figure 6A.
In the same way as in Figures 5C - 5D, the gate electrodes
9 and 10 and the second layer of poly-Si film 44 are
15 formed as shown in Figure 6A.
Subsequently, as shown in Figure 6B, by the step of
Figure 5F and using the photoresist 46 as a mask, the
second layer of poly-Si film is etched so as to be partly
left while overlapping the poly-Si film 9. Then, the
20 second layer of poly-Si film 37 in Figure 4 is formed.
Subsequently, as shown in Figure 6C, the Sio2 filmé
17 and 30 are grown by thermal oxidation and the whole
surface is irradiated with the ion beam of arsenic 48
in the same way as in Figure 5G. Thus, the arsenic
25 ions are selectively implanted into regions where the

poly-Si films 9, 10 and 37 do not exist, whereby the

high concentration N+-type regions 4, 5 and 7 are



17 and 30 are grown by thernal oxidation and the whole surface is .
irradiated with the ion beam of arsenic 48 in the same way as in Figu{efSG
Thus, the arsenic 25 ions are selectively inplanted into regions where't he
poly-Si filnms 9, 10 and 37 do not exist,. whereby the high concentration N
-type regions 4, 5 and 7 are -17- respectively forned by self-alignnent.
Si nce the subsequent steps are simlar to those in Figures 5H - 51, the
explanation is omtted. It is inmportant that 4l original ion inplantation
region 6 is, 5 so to speak, divided by the Nerr]-type region 5 owng to

t he af or ementi oned feapaativadyatponedshy t sk fod dimgnded part is left as

t he channel portion of the depletion node FET and the gther as the | ow

concentration regi on 38 SdMchéDREFURSEARRR L HFE SiMLeArghPetP%%ct ure.
10 Accordingly, the structure of Eigure 4 | ow_c ati gi on
38 thereof forned i 4 i‘l ﬁsvmg_f‘h tEZ' [ %lﬁei%aﬂ*a&ﬁorned!soﬁﬂg@g%ét heP'gE{IE'eQZ
by the identical iofddiladtl hbenchbehridifal lidi inbiahedtedn! pégishss i
configuration without altering the steps of 15 Figures 5A - 51, as
described with ref efenaee speaki,guiesdéd by 6€he Mibraipe eegiba Growiagtts i ng

process is sinple, and the job efficiency is high. In contrast, in the case
wher e the peri pher diheciafouiemeat iphedhigh impYante tsient,emoi $hahbphe ad byl dfd
CMOS 20 as al ready stated, attainjng a hi gh breakdown voltaggeafetion
part is left as the channel portion of the P
mode FET Q2 and the other as the low concentration region
38 of the FET Ql which has the offset gate structure,. -
10 Accordingly, the structure of Figure 4 has the low
concentration region 38 thereof formed in common with
the ion implanted region 6 of the FET Q2 by the identical
ion implantation step, and it is fabricated into the
final configuration without altering the steps of
15 Figureé 54 - 5I, as described with reference to Figures
6A - 6C. Therefore, the manufacturing process is simple,
and the job efficiency is high.
In contrast, in the case where the periphefal
circuit of the high voltage system is fabricated of CMOS
20 as already stated, attaining a high breakdown voltége as
in Figure 4 requires that the low concentration (namely,
P -type) regions be formed on one side of the gate
electrode on the P-channel side as well as on the N-

channel side. 1In this case, the regions can be formed

25 on the N-channel side in the way described with reference
to Figures 6A - 6C, but the P -type regions on the P-
channel side need the step of implanting another

species of ions (for example, boron ions), so that the



in Figure 4 requires that the |low concentration (nanely, P -type) regions
be forimed on one side of the gate el ectrode on the P-channel side as well
as oR the N- channel side. In this case, the regions can be formed 25 on

t he N-channel side in the way described with reference to Figures 6A - 6C,
but the P-type regions on the P- channel side need the step of inplanting
anot her species of ions (for exardl~e, boron ions), so that the =~ -18-
nunber of steps increases and the job efficiency is | owered accordingly. -
Wil e the PBP‘gssiﬂ RN RGeS sesv 8 HeERe désR r¢ bieF ifnaNay- Sof exanpl e,
numer ous o [ I ts of the 5 i nvention can easily be envisaged.
For exanpl gggfﬁgggg !ég% lencgtlryo'des of the peripheral circuit portions in |ow

voltage applical yRih &1 {iiday SR o hBEHRAS O s (R d Iealy LRYRL, BLaPO! Y- S

film and the respective gate ele odes can al so ornmed of "a different

material. by addi &f ofkarile WiihelBasr 8LhOr PetWEEMd IS Starpel Wi dth and the
channel length of the depletion node FET Q2 of the witing circuit is nade

smal | ,5 cur ieméntion hean eadiing bpeeavisagedn oo edampde, Fuhéhegatet hi s
depl etion node FET 2 may be replaced with a high resistance elenent. In
this case, electrodes 2f diite iperipberaddehycoperpibitmng dinnilskes.  The
present invention is applicable, not only to EPROVs, but also to other
ROVE, e.g.VPEB%%@vﬂRﬁﬁ%%%qHﬂ“n§16ﬁéF5§iBﬁ% be fumead ofc &bhey fpEFtor med, for

exanpl e, a?a§%¥¥g¥ﬂpoly-8i film, and the respective gate electrodes

can also be formed of ‘a different material. In addition,

10 when the ratio between the channel width and the channel
length of the depletion mode FET Q2 of the writing circuit
is made small, current in the reading operation can be
reduced. Further, this depletion mode FET Q2 may be
replaced with a high resistance element. In this case,

15 the current in the reading operation diminishes. The
present invention is applicable, not only to EPROMs, but
also to other ROMs, e.g. those whose writing operations
are electrically performed, for example, an EEPROM

(electrically erasable and programmable ROM),



(electrlcally erasabl e and programabl e ROV . -19- CLAIMS: 1. A

sem conduct or. nenory devi ce conpr|5|ng e sem conduct or body
nmenory cell portion which includes a p ‘@7) -volatlle nenmry
f

cells formed in a part of said sem- co d a peripheral -~
circuit portion which is fornmed in parts of sai d sén1conductor body t hat
are not provided with said non-volatile nmemarg~ cells and which includes a
10 first circuit portion made of circuit elenents arranged to be energi zed
by a first voltayAImsd a second circuit portion made of circuit elenments
arranged to be energized by a second voltage |ower than said first voltage;

said circuit el enents pofsef@bdnlilEbr ChéhdEY dREVildePRohpr8iRg:fir st
i nsul ated gate type FETs which have N-type chanhnels and, aré forned

directly in the sem canducype bedycohddetmaikbdy;r cuit elenents of said
second circuit portion are a plurality of pairs of second insul ated gate
type FETs, each of wh@cweparwscebhp9¢s@%°Q1Wh&ﬂhad@GﬂuﬁE$ anplura biry of

N- channel FET conduct or evi.ce according to claiml,
Wher o Sai 0§ AR VGAEGAe; SoTHEY v TG YATEGE, 2afdcbaPl StEbRERI { age
Is the reading v m conduct or nenory devi ce according to
claim1l or 25 cﬂé%&é§¥%qﬁhgpg Aggﬁd first circuit portion includes a

a peripheral circuit portion yhlch is formed in
parts of said semiconductor body that are not provided
with said non-volatile memory cells and which includes a

10 first circuit portion made of circuit elements arranged
to be energized by a first voltage and a second circuit
portion made of circuit elements arranged to be energized
by a second voltage lower than said first voltage;

said circuit elements of said first circuit portioh

15 being first insulated gate type FETs which have N-type
channels and, are formed directly in the semiconductor body
while said circuit elements of said second circuit portion
are a plurality of pairs of second insulated gate type
FETs, each of which pairs comprises a P-channel FET and an

20 N-channel FET.

2. A semiconductor memory device according to claim 1, wherein
said first voltage is th; writing voltage, and said second
voltage is the reading voltage,

3. A semiconductor memory device according to claim 1 or

25 claim 2, wherein said first circuit portion includes a
writing circuit,

4, A semiconductor memory device according to any one of the



witing circuit. 4. A sem conduct or nmenory devi ce according to any one
of the- -20- preceding clal n said second circuit portion

i ncl'udes an i nput/ out put buff mf%ﬁ onduct or menory device
accor’\dlfng to any one of the pr eced wher ein said second circuit
portion 5 includes a decoder. 6. seni cohduct or menory devi ce accordi ng

to any one of clains 1 to 5, mherelg _field insulating filmis fornmed on
parts of said sem conductor body between adjacent non-volatile nmenory cefls

and bet weed sl Af Nta i, CWhk rek ANBRL & Sdcsmd ¢ ikQer ipphkerah circuit
portion, and wherein those of said second insul at ed gate type FETs which

have P-tymel wdenral 9 npue foutped bnrgerN-type well region which is forned in
sai d sem conductor body. 7. A sem conduct or nmenory device according to
cl ai m 6,5 wher & rferB coqdyclios| gemayydeyice goeonding soaanyprepof ithen 8. A
sem conduct or . nenory .devi ce accordi ngmt 0 %{éfl m1l or claim6 or claim?7,

wher ei n RERFEHNSG § 1R 1RGn- VEF&?FFeSﬁé |5 G5 ts PREKEBRgat es, and each

of sagd nsul at ed gate type FETs has a single gate. 20 9.
A sem con%ﬁd@%esﬁ%%%%%éjw ce according to claim8, wherein said stacked

gates ofgeach lf‘%rﬁﬁ@oaﬂtdulc‘%o@eWycéédlcé%ébﬁlneftot 0 Lﬁeysfscmm
pol ycrystal line silicon. A sem conductor frenory device according to
any one Dftel® neheretin @, fwbeﬁennssaaduig résiln nsulfatreddgaheparts

of said semiconductor body between adjacent non-volatile

memory cells and between adjacent circuit elements of said

10 peripheral circuit portion, and wherein those of said
second insulated gate type FETs which have P-type channels
are formed in an N-type well region which is formed in
said semiconductor body.

7. A semiconductor memory device according to claim 6, wherein

15 said field insulating film is an sio, film.

8. A semiconductor memory device according to claim 1 or claim
6 or claim 7, wherein each of said non-volatile memory
cells has stacked gates, and each of said first and second
insulated gate type FETs has a single gate,

20 9, A semiconductor memory device according to claim 8, wherein
said stacked gates of each non-volatile memory cell
consist of two layers of polycrystalline silicon,

10. A semiconductor memory device according to any one

of claims 6 to 9, wherein said first insulated gate



-21- type FFT has a gate electrode which is made of a first polycrystalline
silicon filmand a second poly- crystalline silicon filmpartly overl dppi-ng

said first polycrystalline silicon fd A semi conduct or {meNDry
devi ce according to claim10, vvhere\*“\@“ﬂ“m“l““mlsul ated gate type FET
includes a low inpurity concentratio#n t ypeMsefi -* conduct or regi on which
I's fornmed under said second poly- crystalline silicon film and a drain

regi on which adjoins 10 said | ow i npuri&ly” concentrati on sen conduct or
regi on and which has a higher inpurity _concentrati,on than thi

S sem -,
conduct or regi on. tYpe FETAB3EnAcgAdSc€IrCHERTEy “J'é\ﬁhcésst?ﬁsqearﬂqsaﬁ I rss
described herein with reference to.gnd as Llustrated in 1o  JFigs. 1.to 3
and 5, or Figs. 4P§ Hcﬁyﬁgaiﬂénﬁc&} SR &4 18 Mdﬁ&_seﬁgn hod of
manuf acturi ng a seni.cpnduct or r i C i t fes
precedi ng cl ai ns, c&ﬁg#!fﬂg: slt'{ﬁg%s?%"egeiéf“ ?’c??%ﬁ gq’a ilgl%ﬁwﬁsﬁ}%q)nfd ?’I m
on 20 sel ected 08 Qs a P-type sem - conductor
body, said field ?%ggﬁég%ﬁgﬁﬁﬁﬁgi%é&?g?&ﬁgqégﬁd one maj or surface of said
seni conduckor bodyjintg gbmieadnbulitor mexREyN@evitd iddbralians td he step of

formng an N-type well region in a part 25 of said first area so as to
| eave a body regi enaifi a0ot htlerednt safi @ittt rivisulated gate type FET
includes a low impurity concentration N-type semi-
conductor region which is formed under said second poly-
crystalline silicon film, and a drain region which adjoins
' 10 said low impurity concentration semiconductor region and

which has a higher impurity concentration than this semi-~

conductor region.

12. A semiconductor memory device substantially as
described herein with reference to and as illustrated in

15 Figs. 1 to 3 and 5, or Figs. 4 and 6 of the accompanying
drawings.
13. A method of manufacturing a semiconductor memory
device according to any one of the preceding claims, comprising:

: the step of forming a field insulating fiim on

20 selected areas of one major surface of a P-type semi-
conductor body, said field insulating film isolating said
one major surface of said semiconductor body into at least

first, second and third areas:

the step of forming an N-type well region in a part

25 of said first area so as to leave a body region in another

part of said first area;



the step of formng a first polycrystalline silicon |ayer on said three
areas, and selectively renoving said first polycrystalline |ayer to | eave a

Polyerystartine sittcon 111m omsai o ARNTNFUEENREENR. 5, of' ¥ 7 i ng an

insulating filmon the surfaces”of said plurlli'ty %f *gate el ectrodes and
said first polycrystalline silicon filmrespectively forned on said second
area and sai hehistépapfaforming a fiis tstRp XAr¥shahide second
polycrystalline silicon layer on the first, second and third areas: the
step of sddiieeni daygrr eppFaid SHreesdEHAF AR SR eI iR %ilicon | ayer and
said first poly- crystalline silicon filmto form'a urality of gate 15
el ect roJ§§‘°§|’1"§ai §aa8| I%léﬁc} Py STt e SLAYER itr%ﬂeaarvgea %nd to form

I d f | -said_third , .the st f introduci
a0 N C DR TAIARY (§F MRS SAFGRAFT B oFRbF SAFANE PEFSA0A R0 and sald
d ' . USi ' | t | ectrod
Forrod SRRt RINA AR VAR S0 8o, FTPR 57 Sall LERVAPalT 0 Sna thira

The step of 1T radiol oy L e R T P g on of shi d_
first aseffdded IMEAD PIBSK Y bPagetel eteeedeaker and 98id

first polycrystalline silicon film respectively formed
on said second area and said third area;

10 the step of forming a second polycrystalline
silicon layer on the first, second and third areas;

the step of selectively removing said second

polycrystalline silicon layer and said first poly-
crystalline silicon film to form a plurality of gate

15 electrodes on said well and body regions of said first
area and to form gate eléctrodes of memory cells on
said third area,

the step of introducing an N-type impurity

into said body region of said first

20 area, and Said second and third areas by using as a
mask said plurality of gate electrodes formed on said
body region of said first area and on said second and
third areas, thereby to form a plurality of N-type semi-
conductor regions;

25 the step of introducing a P-type impurity
into said well region of said first
area by using as a mask said gate electrode formed on

said well region;



said well region; -23- the n |nsulat|ng filmon said
first, second and third areas E'm ' I ﬁ I[]lz”ﬁ'ﬁem)w ng this i nsul atrng
fil'm thereby to formcontact hol es; tand 5s the step of ornﬁmg

Wi ring | eads which connect with sai d Qlurallty of semi conductor regions
t hrough said contact holes. 14. A nethod of manufacturing a sem conduct or

menory device acceh@ it dP of #demihg ‘”ﬁ‘ﬁrﬁhguﬁt@nfy' £t ml Gn & gsecond

pol ycrystalline silicon filns are formed by chem cal vapor deposition. 15.

A met hod of Ifdrghgciseidoit a i Nt sDId USE @4 s "BABN ¥ e 1@¥itG& eAGC HeHoWd nigd Cl ai m
13 or claim 14, wherein said step of introducing the N-type 15 inpurity

into said firdtis decwlatdry thilm, afleaseby t6i fgrMmacdntladtalidlesyf gate

el ectrodes as the mask is carried out by ion inplantation. 16. A nethod of
manuf act uri ngaadsem conduct or nmenory devi ce according to any one of clains
1 to 12, substantially 20 as described herein wth reference to the

acconpanyisng drawi hhe. step of forming wiring leads which connect
Yith said plurality of semiconductor regions through
said contact holes,
14. A method of manufacturing a semiconductor memory
device accbrding to claim 13, wherein said first
10 and second polycrystalline silicon films are formed by
chemical vapor deposition. .
15. A method of manufacturing a semiconductor memory
device according to claim 13 or claim 14, wherein said
step of introducing the N-type
15 impurity into said first, second and third areas by
using said plurality of gate electrodes as the mask is
carried out by ion implantation.
16. A method of manufacturing a semiconductor memory
device according to any one of claims 1 to 12, substantially
20 as descriﬁed herein with reference to the accompanying

drawings.




