DUCTOR DEVI CE AND METHOD OF PRODUCI NG SUCH A DEVI CE The present

i lon relates to a sem conductor device in which a conductive |ayer is
separated by an insulating |ayer froma sen1conductor substrate e.g. an
|nsulbted gate field effect transistor. 5 'is known to use

sul ated gate field effect - transistors in read-only nenDr|§% "SOﬁEqQI suchtn,

nories (hereinafter referred to as- BPROVs) pernit data to é‘fe-" G tten
into the nenory by the use of ultraviolet light. One known nmenory cell for
storing data in an 10 EPROM consists of a field effect transistor having a
conductive layer formng a floating

substrate via an i n&@HMHSY Hi sposed on the

; N THG
floating gate via anot her ' ey . rally, both floating and
control 15 gates consi st S@éﬁ&%ﬂkﬁ[ﬁ&éﬂﬁffﬁgon (Refer, for exanple,
to the magazi ne "N kkei El ectronics", January 5; 1981, pp.181-201). Data in
such a nenory cell takes the formof electric charge stored in the floating

gate. For good data 2Q, re% Q(H{' nd%%{%éeﬁ €%gtég g&e¥e$%m£§§hgg%t%& this

charge; this has been o occur e edge o oat1ng gate

and adj acenée?%&s 180 whient Atddla il & &nth fé’f”f@ Qéﬁé?a&é&'ﬁ? ahhe

i nventors o e present 1 nvention have fo
insulating layer from a semiconductor substrate e.g. an

insulated gate field effect transistor.

L/: 5 It is known to usé insulated gate field effect éﬁ
transistors in read-only memories. ‘Some of such memories )
(hereinafter referred to as EPROMs) permit data to be re-
written into the memory by the use of ultraviolet light.

One known memory cell for storing data in an
10 EPROM consists of a field effect transistor having a
conductive layer forming a floating gate disposed on a
semiconductor substrate via an insulating layer and a
control gate disposed on the floating gate via another
insulating layer. Generally, both floating and control
15 gates consist of polycrystalline silicon. (kefer, for
example, to the magazine "Nikkei Eleétronics", January S,
1981, pp.181-201).
Data in such a memory cell takes the form of
electric charge stored in the floating gate. For good data
20 retention it is necessary to prevent leakage of this
charge; this has been found to occur between the edge of
the floating gate and adjacent parts of the control gate
and source drain region.

The inventors of the present invention have found



2 that charge | eakage may be reduced if there is a second insulating |ayer
covering sides of the insulating |ayer between the floating gate and th
dubstrjate. Therefore the present invention proposes a sem conductor de
having: a first .conductive |ayer separated by a first insulating |ayer m
a '3€m conduct or substrate; a second insulating |ayer adjacent and covering
sides of the first insulating |layer, the sé&cond insulating | ayer being a

dense insul ating |ayer sufficiently dense sulstanti,glly to prevent charqge

| eakage fromMEtsP g@on’cﬁéf?% K‘de&’,e ar§§88ﬁ§ ci?n'd ?‘f?/gllsay%r secon
separated b third.ins | | fro fids o] JRYA:N Moy el WO
seﬁi conduct grf?%‘&sg%n n%%&éggt?g%gig%tg%%gssiécﬁ’as%% ghqt&#%%i?f&%gﬁgggh ve
ayer. the e fe0LAORALCEPLat Rl 0GRt RCLAH She! BADSRFRLEONUISREIUELY el WhR

and of opposite conductrvity typ e part of the substrate adjacent the

first conductpyesésleinvehei8hYptBpb8ekSal Eehicehlifetor dBFiskOhawing:t he
part of the substrate. adjacent the first conductive |ayer being a channel

of that transistora tfierkity stoemwditives Layesr baieparaftiedht byy gat £iakst he
transistor, the second conductive |ayer being a control gate of the
transi stor, almisthetingslayesufabmng kepdcobdugforhsupstrasdeirde | ayer of
the transistor; and further sem conductor regions having the sane -
conductivity type assesonda insndratingiriayer crdiacenti andt raNering tSisles
sem conduct or regions,. and being respectively _ . .
of the first insulating layer, "the second insulating layer
. ‘being a dense insulating layer sufficiently dense
substantially to prevent charge leakage from the first
conductive layer:;
a second conductive layer separated by a thirad
~insulating layer from the first conductive layer:;
two semiconductor regions in the substrate at the
sides of the first conductive layer, the two semiconductor
regions being of the same conductivity type and of opposite
conductivity type to the part of the substrate adjacent the
first conductive layer, whereby there is field effect
transistor with the part of thé substrate. adjacent the
first conductive layer being a channel of that transistor,
the first conductive layer being a floating gate of the
transistor, the second conductive layer being a control
gate of the transistor, and the first insulating layer
being the gate oxide layer of the transistor; and
further semiconductor regions having the same

conductivity type as, but a lower impurity concentration

than, the two semiconductor regions, and being respeétively



of the two semiconductor regions. Thernal oxidation is a conventional
for formng, for exanple, silicon oxide to formthe insul-ating -
“I“ayers. However, this is undesirable if the nenory is to be nminiaturised .7
for the follow ng reasons. Wien an EPROM :’as mni aturised the menmory cell ~~
reliability and the operating speed drop Tn the data wite and read nodes.
Heat - t r eat f X e | LOBL | §ollgMa o f der
o obt ai n { HEHEn CEn PEE T e e e B BB R Sl
The speed of fotopPstp Shat 88chi bEC ¥heOtwdr deiioriiRionan ddyddsat i ng gate
and the control gate is higher than the speed of formation of the silicon :
oxi de | ayer betweprethiglfbRaBatiopatis aneddriverssineinaeany. fbstoming,
Mor eover, the speed of formation of the silicon oxide |ayer is higher at
t he edges offdédheexampaess siflidwn f bsddendanforwnthe| igsudetingn lavers.
mai n surface of the sem conductor substrate. Accordingly, lift-up of the
‘conductive |Hgeevemny thd@ , igarundesdmable tht dhfe BPMOFY cdstrbP PRe.
This means that the garasitic capacitance .of the latter is bigger than that

of tlhe fﬁrnéﬂinim'ﬁ'él,f sad ferekhraf It FHNG 1XRA5MPyate drops with the

t that th ffici | | igbi ity d ' [t
of data Lo the nWBRP cart . ERRGN £, FrbTFadePChRre hefsty (&4,
the other haggliaggfigy{a-ggdt ylzhoe]c &%{‘E'@inéhgbeghomop in the data write

and read modes. Heat-treatment for an extended period of

bet\ween the part of the substrate being the channel of the transistor and
m%i

time is usually necessary in order to obtain the desired
£ilm thickness of the compact silicon oxide layer. The
speed of formation of the silicon oxide layer between the
floating gate and the control gate. is higher than the speed
of formation of the silicon oxide 1layer between the
floating gate and the semiconductor __subs_trate. Moreover,
- the speed_of formation of the silicon oxide layer is higher
at the edges of the: sur-faées of the floating and control
gates than on the main surface of the semiconductor
substrate. Accordingly, 1lift-up of the conductive layers o
may occ;:r,' particularly at the edge of the control gate.
This means that the parasitic capacitance of the latter is
bigger than that of the former. Thus, the potential of the
floating gate drops with the result that the efficiency as
well as reliability drops 'in the write que of data to the
‘memory cell. In the data read mode from the memory cell,
"on the other hand, the gquantity of current that flows

through the channel region between the source and drain



t hrough the channel region between the source and drain 4 regions
heconmes smaller. This makes it difficult rapidly to discharge a dat iye,
Aand causes a drop in operating speed. The shorter the channel

length, the nore significant this phenonenon, because the proportio
tﬁé*capacitance drop becones-greater. Thisg4creates a problemfor the

m ni aturisation of the menmory cell. The source or drain regions of the

field effect +&6giohst PecHiicd) SdVESras ihd dramakes Cet! diE¥ibaltonma diy
the following way. An inpurity for formng the region is introduced by ion
i mpl ant ati on taot diskhargen sudatae ldng,heasénicaasdsctaordses i naoperra tivigh
sids of the floating and control gates using these gates as a nmask.
Thereafter, t@pesatond el ahayteyerthe. cchano@ipadengthcontbei deore

| ayer, is fornmed and the inpurity is subjected to drive-inA diffusion. 1In
this case, siptgnhficanteihisndhienomenarng beeayse thacpreparyian ofsdhebed
above, the effectivye channel |ength between the source and drain regions

becones shor t €PBELEARESHOTPR. i RFCAMER sTTRALETex c LS cCTO2HRT s3] pFROIEM 5
short channe% e{:%ect i@vi %es g drop i, reliability. of the EPROMin the
data read and-9Fi Fe BiRiaturdsption of: e MegiPTd £8434) e- down of the

LY ot he o SFARLSHphEShy Sroladdfn| INERLLAR, 9L Sd s ol | etk O
insulating | aypingidbbs WA18ANEEY¥6Es as the memory cell may be formed in
, the folléwing way. An impurity for forming the region is
~ introduced by ion implantation into the main surface of the
semiconductor substrate on both sids: of the floating and
con'Erol gates using these gates as a mask. Thereafter, the
.second insulating layer, e.g. a compact silicon oxide
layer, is formed and the impurity is subjected to drive-ina
diffusion. In this case, since heat-treatment for a long
period is 'ne.cessary as desc¢ribed ab_ove,'. the effective
channel length between .the source and drain regions becomes
shorter because drive-in diffusion is excessive. This
\/ ' | induces a short channel effect, invites a drop in
| reliability of the EPROM in the data read and write modes,
and is unsuitable for the scale-down of the memory cell.
A preferred feature of the invention solves this
‘difficulty by avoiding the us'é' of lengthy thermal oxidation
'in forming the second insulating layer. This is achieved,
for _exampie', by using 'deposi.tion' methods such as chemical

vapouf deposition, plasma chemical vapour deposition, and

sputtering. The second insulating layer of, for example,



exanpl e, by using deposition nethods such as chem cal vapour

ition, pl asma chem cal vapour deposition, and sputtering. The second
g layer of, for exanple, 5 silicon dioxide forned in this way .

nay' t n be baked to densify the layer. Another possibility within the -

scope of the invention is the use of a gla§s | ayer, for exanple a |ayer of¥J‘

~a low concentration phosphosilicate glass. The second insulating |ayer of

the inventi oﬁlriéy:%bv@?méﬁgés formeSneinyr thip dfax heaygt.Hdren ndgl 41#55 atéd

conductive | ayers, extend, on the  substrate . ove

seni conduct of etnéd1f(¥n§he llaﬁyet’h'l s AR G 13 Py o‘l’lfhbns’égﬁnﬁc"pe of
I nsul ating I er ti ORY b ubs Lal ly. _equa

greater than® ?e? o?hlnne§% J%h flﬂéi%ﬁﬁi%aﬁlfloﬁgr(b T%f?

| ayers. The 8Hﬁ{ -

pol ycrystal i ngr Si Iolf‘z?ﬁ\nlcow e nstellcon con usc‘{}{c\ggf{%l)ée?e ngia%s'

pol ycrystal line sighel Qucohd indtulidl 1hytohh el nﬂx@@h@ionamﬁﬁmg'&@g of .
silicon and a netal having a high nelting point, or a polycrystalline

silicon | ayeedges dfSidomd @ laAyerofofthe reiadr Niaid ua €4flg OBndeLbhagcRakat
thereon. Preferably, the sem conductor regions are As ion inpurity
regions in ltdwersubseamatemamnextead fomt helhesemumsldmettm reege pnsthAee P
ion inpurity regions in the substrate.
semiconductor regions. In this case ‘the thickness of the
second insulating laye: of the inventxon may be ~
substantially equal to or gregter'than tha;_of the thinnest S/
of the first and additional insulating layers.

The first semiconductor layer is preferably of
polycrystalline silicon, and the second conductive layer

| may be_of: polycrystalline silicon. a metal having a high
melting point, a compound of sili¢on and a metal having a
high_melting.point, or a polycrystalline silicon layer and
a silicide layer of a me£a1 ﬁaving a.high mel;lné point
thereon.

Preferably, the semigdnductoé_resiong_are_As ion \o/
impurity regions in the substrate, and the furthér
semiconductor regions are P ion impurity regions in the
substrate. |

The invention may be used with many_types'qf semi~
conductor and integrated clrcuit devices; EPROMs as
meptiqned above, field effect tgansistors and'other.semi-
conductor devices having a conductive layer sepagated'from

. a semiconductor subst:ate by an insulaﬁing layer¢



The invention may be used with many types of sem - conductor and
integrated circuit devices; EPROVs as nentioned above, field effeft
transi stQrs and-ot her sem - conductor devices having a conductive |la éﬁg
separ a from a. sem conduct or substrate by an insulating |ayer. e
i nention also provides a nmethod of produclgdg a seni conductor device
conprising: formng a first conductive layer on a first insulating |ayer
whi ch separates thenéi iaveatiductdls |pyerideomt hethobsoratsodwdingng a
second insulating |ayer adjacent and covering sides of the first insulating
| ayer, the sexoseimicendattoy-Heyécebepbmgrasdegse i nsul ating | ayer of
sufficient density substantially to prevent charge | eakage fromthe first
conductive | ayer; forming a fhArsd randnativg layer on ehéirptsdngyddddmisve
| ayer; forming a second conductive layer on the third insulating_|ayer,;
form ng two %%nHHéFBrﬁﬁﬂﬁ%ﬁﬁ?%ﬁtgﬁffF§Fthﬁ@@§ﬁ§HW%r¥%¥ﬁFiﬁrPHethe
substrate; that part of the substrate between the two regions being of a
second condwﬁéﬁﬁggafﬁbe opposite to the first, the two sem - conductor
regi ons being sourge_and drain _regions of a,field etfect tr i r, Wit

art of the sﬁ%gfnrla'fg ?Eh o 9?83 Pn?gla't%n% hfla Yar a[azﬂfj?é%ﬁt ant&

that p erebet ween rmng € Channe e freld
ef fect covering sides of the first insulating layer, the second

insulating layer being a dense insulating layer of

sufficient density substantially to prevent charge leakage

~ from the first conductive layer;

forming a third insulating layer on 'the first

conductive layer;
férming ‘a second conductlive layer on the third

insulating layer;
forming two semiconductor regions of a first
- conductivity type in the substrate; that part of the
substrate between the two regions being of a second
conductivity type opposite to the first, the two semi-
1% conductor regions being source and drain regions of a field

effect transistor with that part of the substrate
therebetween forming the: channel of the field effect
transistor, the first conductive layer forming a floating
-gaté of the field effect transistor, the second conduc;ive
iayer forming a control gate of the field effect
transistor; and the first insulating layer being the gate
'insuléting layer of the field effect transistor; and

forming further seéemiconductor regions of the same



rangi stor, the first conductive layer formng a floating gate of the field
eft transistor, the second conductive |layer formng a control gate of
field effect transistor, and the first insulating lLayer being the gate
i nsul éu)ng | ayer of the field effect transistor; and form ng further . J
sem conductor regions of the sane condugtsi vity-type as, but a l-ower ¥
I mpurity concentration than the two sem conductor regions, the
further sem condudEtdvirtagi eppebaisng bespect lveky hoipweeity heoparhtohttibe
substrate form ng the channel of the transistor and each of the two
sem conduct ot kegi ohb.e Thos oret hied iof o hghnt hg 1t he seiomss i nstihgt | Ay o ehyean
may conprise: (i) forming a silicon oxide |ayer covering the or each
conducti ve | ap@i,cowmmgrgsgewi \Reing heesperediely bpataeamybhearagsrts
ot her than both sides of each %onduc.tive | ayer, and then baking . the silicon
oxi de layer Pdr WenstypPebrabs; forming the gt ‘Hbea]a% IFQSntBQPgésltaﬁera“Po
cover each concégl::]tive e silicon oxide |ayer for

I . bakin. h
densificatioff2 P& P'Fé’ree:tﬁ%rsﬁ%ﬁ%{ﬁ%‘écé%f‘eﬁfﬁigf’?'t he silicon oxide |ayer
at parts other thagcalygldy S{fepophiibeLRE §BEBRORANGYREEREYSE ohl il

depositing a silicon oxi ayer ki ng e silicon oxi ayer

densify the %ioldgq&%eo:_xi de | ayer, and the step of formng the pair of
gi ons

sem conductor r _
(i) . forming & silicon oxide 1layer covering the- or

each conductive layer, removing selectively the silicon -~
oxide layer at parts other than both sides of each
conductive layer, ahd then baking the silicon oxide layer
for densification;
(ii) - forming a silicon oxide layer to cover each
conductive layer, baking the silicon oxide layer for
densification, and thereafter removing_éelectively'the
silicon oxide layer sat parts other than at both sides of
‘the or each conductive layer;
(iii) depositing a silicon oxide layer and baking the
silicon oxide layer to densify the silicon oxide layer, and 'QJ
-fhe step of forming the. pair of semiconductor regions
includes introducing impurity ions into the semiconductor
substrate, &and  wherein said depositing and baking are
performed prior to the introduction of impurity ions; and-
(iv) deposition of material for forming the second

. insulating layer and baking for densification thereﬁf. and
is performed prior to the step of forming the pair of"

semiconductor regions, including introduction of impurity



I ncludes introducing inpurity ions into the sem conductor substrate, andq .
wherein said depositing and baking are perforned prior to the introducgl ¢
of inpurity ions; and (iv) deposition of material for forming th¢
second\_/nsul ating layer and baking for dengjfication thereof, and is
peH*orrred prior to the step of formng th air of sem conductor regi On
i ncludi ng introduction of inpurity ions into the sem conduct or
substrate, Wigmabyidf® erketenifcoidddtdONs@bstRate TPWhielretyoNshé OeatbREi ON
of the sem conductor substrate beneath the conductive layers is limted.
Preferably t ke saepfafsifoar Nnofg the twpuwaentyoridind otor egi aregisn perff othed
after the step of formng the second insulating |ayer. Enbodi nents of the

i nvention wildemimerishictasrr sbbd thgteayperieatdanhe, - opréucbiveenkayans t he
drawi ngs, in which: Figure 1 is a circuit diagramshow ng parts of an
EPROM usefullhmﬁﬂﬂ}erstandl ng the present I nvention; Figure 2 is a plan

vi ew of parts of the EPROM of Fig ; ure 3.is a sectlonal vieM/taken

along line I11-11PaFE qq%ﬁﬁ%aEheFﬁéﬁPe g°5“§%5tﬁ&%ﬂtW9eﬁFF§E8ﬁ 4CERS
line V-1V of Figure 2; ho epdence of .the
hlol di ng char arag:gr u”sstl’ci 8?%8?5‘39;\8"[{% rfo Eﬁ\g‘ Sg {0l P BHE" 8 cBha

-insulating layer.

Embodiments of the invention will now be described by

-way of example, with reference to the drawings, in which:

Figure 1 is a circuit diagram showing pgrts of an
EPROM, useful in understanding the present invention;
Figure 2 is a plan view of parts of the EPROM of Fig.
13
. Figure 3 is a sectional view taken along line III-IIIX
of Figure 2;
Figure 4 is a sectional view taken along line IV-1IV of
Figure 2; _
Figure 5 is a diagram sh;wing the dependence of the
LJ : : hoiding characteristics of data in the form of charge

relative to the film thickness of an insulating layer, of
the present invention;
‘Figures 6(A) té 6(C) are sectional views of parts of
. an EPROM in which the film thickness of an insulating layer
is changed; |
Figures 7(A) to 7(K) are sectional views of parts of
the EPROM of Fig. 1 during production steps therebf.

Figure 8(A) is a ,sectiona1 view taken along line



hative to the filmthickness of - an insulating |ayer, of the present
wention; Figures 6(A) to 6(C) are sectional views of parts of an EPROM i n
mreh the filmthickness of an insulating |ayer is changed; Figures 7(A) to
7(K) @r¢ sectional views of parts of the EPROM of Fig. 1 during production .
steps thereof, Figure 8(A) is a sectional¢yiewtaken along line . o’
Y!llAVY::EA in Figure 7(B); Figure 8(B) 1Ip a sectional view taken along

i ne -VILB i Figure 2(C) . B agure 8(C is a sectional view taken
along Iine :(;IIIIIIQ- \%}1&6 i IFilg.urfee 71( " Figures 9(A) to 9(J) are sectional
views showi ng pamds, ofe 2 @) PRSI ak Gdtidn®f WiRFPRIMA Ei1dngl ¥hing
production steps thereof; Figures 1Q(A) to 10(D) are sectional views
show ng par &3 19/ -4 IHEROM Figaled () anot her - nmet hod useful in
under standi ng the present invention; Figure 11 is a sectional view show ng
parts of an EPRO¥Wignewée di8@ }t oian enisceh teoviabf vilew prtedent iadwerg | dape
Figure 12 is a sectional view taken along l'ine XII-XIl in Figure 11; Figure

13 is a secVIAIM-WIILG din tRiewRRAMIX; Fig. 11 during production thereof;

The sanme reference nunerals are used throughout all
Figures 9(A) to 9(J) are sectiondl views showing parts

of a peripheral circuit of the EPROM of Fig. '1 dux;ing
production steps thereof;

Figures iO(A) to 10(D) are sectional views showing
parts of an EPROM produced by another method useful in
understanding the present invention;

Figure il is a sectional view showing parts of an
EPROM according to an embodiment of the present invention;

Figure 12 is a sectional view taken alohg line XII-XII
in Figure 11;

Figure 13 is a sectional view of the EPROM of Fig. 11
during production thereof; |

The same reference numerals are used throughout ali
the drawings to identify the corresponding parts and LJ
repeated ekplanation will be omitted.

The present invention will be described with reference
to 'an EPROM using a field effect transistor having =a
floating gate and a control gate as a memory  cell.
However, the invention is not limited thereto and can be

' applied to any floating gate field effect device; or to any
MISFET, or other field effect device, having gate

electrodes: or, generally, to semiconductor devices having



t he drawings to identify the corresponding parts and repeated

explanation will be omtted. The present invention will be described with
referencesto an.EPROM using a field effect transistor having a floatin
gate and.d contrpl gate as a nenory cell. However, the invention is no

litted thereto and can be applied to any fnéhting gate field effect

device; or to any M SFET., or other field effect device, having gate

el ectrodes; or, neral ly,.to_sem conduct or Vi ces,haying ductve
‘| ayers above é’°§’g¥ %éﬁﬁﬁct%éySﬁﬁ'st?g?‘e’ganﬁ issc;%lia %%d?ﬁé?gfr%%égrg;%% t'?'nré<Ii
EPROM shown i3 Jfai1i%eels d3fd AW fopeM conduct or device useful in understanding
the present invention, an X decoder 5 1 selects a predeterm ned word |ine
to be later described, and turns "ON' a nmenory cell connected to the

sel ected word line. A Y decoder 2 selects a predeterm ned data |ine (which
will be.described in detail later) and applies data 10 in the formof a
voltage to the selected data line. Awite circuit 3 selects a
predeterm ned word line (to be described later) and wites the data in a
predeterm ned nenory cell connected to the



selected word line. A sense anplifier 4 selects 15 a predeterm ned data
linel(td be described |later) and reads the data froma predeterm ned nenory

cel ompected to the selected data |ine. Each of the synbols [err] L
rep s a word line, one end of which is 20 connected to the X decoder”,
1 aRd tHe other end of which is conneghed-to the wite circuit 3. A r’
pluratity of these word |ines, dispos in the Y direction so as to extend

laterally in the X direction, turn "ON' the nenory cells connected 25 to
themand wite the data. Synbols [err] ..., [err] represent data |lines
each of which have one end connected to the Y decoder 2 and the other
end connected to the sense anplifier 4, and a plurality of data |lines are
di sposed in the X direction so as to extend in the Y direction. 5 They
transmt the data of the menory cells MJ[err] , disposed at the points of
inter section bet\ViserthehcERROM shows Vv Bid.the beingl AnesmbEongyekorenory
cell Mhas a.floating gate and a control gate connected to the

pr edet er m nedeiiomrusefwk i un@erstanding ghe qiresentndhvention, @nf Xcjagoder ect
transistor Q One of the ends of the transistor Qis connected to the
predet er B ned delledtisa Mredeterminedhwerdndiipei bg ber inter

described, and turns "ON" a memory celi connected
to the selected word line. A Y decoder 2
selects a predetermined data line (which will
be described in detail later) and applies data
10 in the form of a voltage to the selected data
line. A write circuif 3 selects a predetermined
word line (to be described later) and writes the data
in a predetermined memory cell connected to the _
-selected word line. A sense amplifier 4 selects
15 a predetermined data line (to be described later)
and reads the data from a predetermined memory
cell connected to the selectéd data line.
Each of the symbols WLl, WLz, coos WLm‘
represents a word line, one end of which is
20 connected to the X decoder 1 and the other end of
which is connected to the write circuit 3. A
plurality of these word lines, disposed in the Y
direction so as to extend laterally in the X
direction, turn "ON" the memory cells connected
25 to them and write the data. Symbols DL,, DL,,
.++s DL represent data lines each of which have



A plurality of nmenory cells in a matrix forma 15 nenory cell array. Ne

t he construc

refergpce to Figs. 2 to.4. Inter-layer insulating |ayers to be di sposed
2bweén _conductive {ayers are not 20 shown in Figure 2 for ease of
i I'Mdstration.

betwe

tion of this device will be described in nore detai

W th

In Figures 2 to 4, a field_insulating layer 6 is disposed

Xt

bet ween regi ons where sem - conduct or dbiices are to be fornmed, on one nain
surface of a p -type sem conductor substrate 5 25 consisting of,

silicon 1
electrically
channel stop
sem conduct o
further isol
Ref er ence. nu
on the main

conducti ved|

| ayer 8 so as to

10
15
LJ
20
25

e.g.

3 single crystal. This field insulating layer 6 is to

bRe! 8hA LBEnsRaORdhe Aadcend rpm oG Analier, A P-tyPe

I Spose e naln Slﬁ’l} ace of

" eAHPBLRALRLBADELOHE S e dd Sl HAAN NGl gyer 6 in order to

ate electrically the sem con or “devi Ces

rom one anot her.

gﬁiakaﬁtgn@fBea&aprl%%t dr'es diiddikd affrehd Nt are di sposed

rface o

the sem conductor substrate 5 in the regi ons where

the 10 seni cogslyebeioflC¥oCas 2oeexteha figf e vy Wigddsib@ling | ayer 8
primarily forms the gate insulating |layer of a field effect transistor.

A

ayRey9tirangimigothe data pfedtie mEnaty mrn's)er)P, the insulating

Mlz,'.;., Mnm' disposed at the points of inter
section between the word lines WL and the data
lines DL. Each memory cell M has a floating gate

and a control gate connected to the predetermined

-word line WL. Each memory cell consists of a

field effect transistor Q. One of the ends of the
"transistor Q is connected to the predetermined
data line DL with the other end being earthed.

A plurality of memory cells in a matrix form a
'memory cell array.

Next, the construction of this device
will be described in more detail with reference
to Figs. 2 to 4. Inter-layer insulating layers
to be disposed between conductive layers are not
shown in Figure 2 for ease of illustration.

In Figures 2 to 4, a field insulating .
layer 6 is disposed bet&een regions where semi-
conductor devices are to.be fofmed, on one main
surfa¢e of a p -type semiconductor substrate 5

consisting of, e.g. silicon



erence nuneral 10 represents on insulating |ayer which is disposed so as.
cover the upper portion of the conductive layer 9. This |ayer 10 _
prifarily isolates electrically the conductive |ayer 9 from another to be
di sposed on the conductive layer 9. F&Zerence nunmeral 11 20 represents a
blurality of conductive |layers arranged in the Y direction and di sposed on
a plural igyngiecergdstiolve lemie s:ﬁelaalneﬁeaenh?naweknst 48 X¥odi rection via
the insulating | ayer 10. The conductive |layer -11 constitutes a control gate
(CO of téresertenliy lisvldte BRR@Genbcohduceorodevicee tzom one
sem conduct or device is to be forned, that is, on the conductive |ayer 9,,
and for neahbtherr.d A petyle clianmel EBPRShper tegions d8 disposed o
~ thereof. Ref erence nuneral 12 represents an insulating |layer Wiich is
di sposed thechaie surifacte of thécseniicondnctondsubsteatey s dedow itheor
with the side of the conductive layer 9, and is disposed to cover at |east
sides o$ £ield insu&mﬁ&n;llg&gxEﬁstmvongﬁﬂstohtug&gctiﬁsoﬂaﬁhng.layer'and
to cover sides of insulating |ayer 10. The insulating |ayer.-12 consists,
for exanpelectrigaddiysithe: semigonducter| devices fzomapne MnotRers pr epared
by baking a silicon_oxide |ayer which has bﬁea for med b% cani al. .vapor
deposi tion 10 (her eReSOIANGE, DuRLT ; apd-Sp.Eepyesent for

PRI R P R R

(é§§BStitUte the floating gate (FG; of a menory cefl of aﬁ—iS EPROM

I nsul ati c
semiconductor substrate 5 in the regions where the v

10 semiconductor devices are to be formed.  Ihe_1n;u1at1n9
layer 8 priﬁari;y forms the gate insulating 1ayet of a field
effect transistor. A conductive layer 9 is disposed at a
predetermined portion on the insulating layer 8 so as to
constitute the floating gate (FG) of a memory cell of an

15 EPROM. Reference numeral 10 represents an.iﬁsulating layer
which is disposed so as to cover the upper portion of the
conductive layer 9. This layer 10 primarily isolates
electrically the conductive layer 9 from another to be
édisposed on the conductive layer 9. Reference numerai 11

20 represents a plurality of conductive_layers:ar:anged in the
Y éirection and disposed on a plurality of conductive layers
9 that are arranged in the X diteciicn-vta-the insulating
Jayer 10. The conductive layer 11 con#titﬁtes a control
gate (CG) of the memory cell of the EPROM in the region

25 where the semiconductor device is to be formed, that ig, on
the conductive layer 9, and forms the word line (WL) of the

EPROM at the rest of the portions thereof.



Jetween the conductive layer (FG 9 and the 15 sem conductor substratg
‘The thickness of this insulating layer 12 is equal to, or greater tha
thlnner of “'the i.nsulating layer 6 and the insulating |ayer 10. The
h% lating lLayer 12 restricts the Ieakag of charge that woul d ot herw se
occur between the conductive |ayers, or th 20 | eakage of charge that mould

th t t f dth
"iproves the ret onti detSEEhce hhakEal 12" Eertubeitsdn AMulkbeRPC, e
store 'n.thgﬁnmew& WEfspOsed aﬁeab%srgght? w wmgsiéwro 0

I nt er posed tween e conductive | ayer the conductive [ ayer

(CG 11 ar anmﬁwwm%éﬁe 908!th b&gdmserth&ssmaw R EORAUCY § v

ext ended period of ti or thernmal oxidation is not necessary.

Accor di ngl lag‘dtf ' /rarid {Scatepeseld the covaluati deasty widesCofl tlpes not
occur, and t drop of capacitance forned by the conductive layers 9 and 11
can be pseinsiach iy Slapenset Bervihg sl ithecate insidating aywd gwad
nodes of the nenory cell can be inproved, and thhe reliability as well as
operating tpcabvern sides befi insoleding layercdd.noChe Hmeilating, ldyer
insulating layer 12 is arranged so as to mtigate the acute step that

woul d ot hed® sonsdsts jefobyexanpdend®ft ias denpifiedo (nomprrt nmilicon
Accordingly, depositability of the conductive |layer, which is to be

deposi t ed @*ide lagex avh#gm iscprepazed dundaking a silicon oxide.

manher as to cover at |east sides of the insulati ng Iaye'F-8 interposeE

W layer which has been formed by chemical vapor deposition
'10 (hereinafter called "CVD"), the baking being performed for
rendering the silicon oxide layer formed by CVC denser
(compact). The insulating layer 12 is disposed 1ncsuch”§
manner as to cover at léast sides of the insulating layer 8,
interposed between the conductive layer (FG) 9 and the
15 semiconductor substrate 5. The thickness of this insulating
layer 12 is egual to, or greater thzn, the thinner of the
insulating layer 6 and the insulating layer 10. The
insulating layer 12 restricts the leakage of charge that
“would otherwise occur between the conductive layers, or the
20 leakage_of charge that would otherwise occur at the upper
surface of the insulating layer 8A, and thus improves the
retention chatactetistiés ofithe charge as the data to be
* stored in the conductive layer 9. .
Since_sides of the insulating layer 10 interposed
25 between the conductive layer (FG) 9 and the conductive layer
(CG) 11 are covered with the insulating layer 12,

heat-treatment for an extended period of time for thermal



%Eéégg;gor exampl e, can be inproved. Reference numeral 13 represents an

i i ng | ayer which is disposed on the conductive |layer 11 so as to 15

(of0) nto contact with the insulating |ayer 12. An n+-type sem.conduct or
region 14 is disposed extending to the main surface of the sem conductor ,
substrate. 5 on both sides of the cont |ve | ayers 9 and 11 where.the S
sem conduct or device is to be forned. n -type semiconductor region 14

?:ms BZ%@:&&&S&LB&S&#@%@E&&aﬁrqﬁ@ﬁgmf§?€eﬁé“%ro&%hea2‘ém |
LeE‘}cLﬁdsA‘e & efEpF raRautEIYE Tadn’ (T AL dofh; BBE otcBk. Ba sne )
fﬁ;ééﬁé r4R, 5 €3P*B§S.L§E#R%tﬁ°é§ %n‘(ﬁ SERBYERIVE AiyEEs 3 %?"Eie .
fS?(ranI goinns attl’éngg*gegPlgdandTﬁﬁg | nsﬁatl ng | ayer&%iégghéggiﬁ 123 ?n
such asTRi¥e %andCreadcmoes %&mﬂHE“BEi6¥¥fEW1?eéaﬁ”ﬂetQmﬁ%&@&&'Cihhy

i sol ate them?rcnna.conductlve | ayer to 5 e di sposed on t
i nsul ati jape fwifaﬁi\uég 28 Wed 10 VA DBl SEpeE@NEaRt a1sbCBeON 14 are

sel ectively renoved a contact hole 16 is disposed to establish

el ectri c supydedofin'the Redd @ivde ./ c Fidlieisobe, theotnsudating
|nsulat|ng | ayer 15. A plurality of conductive 10 |ayers 17 are di sposed S0

as to el aayéralfyisospeanceid 8o as to mitigate the acute step that

would otherwise be formed by the conductive layers 9 and 11. o/
10 accordingly, depositability of the conductive layer, which .

is to be deposited on the insulating layer 12 and consists

of Al, for example, can be improved. =

Reference numeral 13 tepresehts an inSulating-'

layer which is disposed on the conductive layer 11 so as to

15 come into contact with the insulating layer 12. Aan n*-t?pe
semiconductor region 14 is disposed extending to the main
surface of the semiconductor. substrate 5 oh both sides of
the conductive layers 9 and 11 where the semiconductor W,
device is to be formed. The n*-type'sémiconductpr region 14

20 js used as the source or drain region, or as a ground line
(GL), and forms part of the memory cell of the EPROM.

The memory cell N of the EPROM, that is, the field
effect transistor Q} consists primarily of the semiconductor
substrate S, the.conductive 1aye:'9 dis?osed on the

25 gubstrate 5 via the inéulating layer 8, the'cbnductive layer
11 disposeé on the conductive layer 9 via thg insulating

layer 10, and the pair of'semiconductot regions 14.



t he predeterm ned sem conductor regions 14 via the contact holes 16 a 8O0
extend in the Y direction while crossing the conductive layer (W) 1Y o#Z '
the insulating tayer 15. The conductive layers 17 constitute the datg Fijles
(De) of the 15 EPRoMs. Next, the dependence of the retention

chiasact eri stics of charge, as the data, upgg the filmthickness of the

I nsul ating |layer 12, which is disposed sideways of the conductive |ayers 9
and 11 of the nenoryagOifgblating 108 etcys i fiedaispsnes &?'Ehé‘ f'%é‘ﬂéam
showi ng the dependence of the retention characteristics of the charge, as
the data, imsulatinghlsyersé ahdt the rinsullating er'® 8 ANBA [ mlf cand (A
through 6(C) are sectional views of the principal 25 portions of the nenory
cell (noddl3 i smcEPRGMannerhash tohedvidmm the demtcondudtor i devieés g )
| ayer 12 is vari abl e. Referring to Figure 5, the abscissa represents the
t enper at uhdicgenelectricaXlyCisodatehdhen drom ahconduct ive cTayér t b6
charge, as the data, and the ordinate represents the logarithm|[log (hr))
of the holke ispesedion themehaFhe dnsmiating leyers |8Aes1§ On ¢ and
(© correspond to the nodels shown in Figures 6(A), 6(B) and 6(C), '
respect i v@redeterninedssenironfustonr cegionirares(selectivelnts the
nodel in which no conpact silicon_oxide 10 |layer, to cover sides of
conductiv§QQ8¥9§'99“ 12t feptart hole 16 is disposed to establish

electric connection with a conductive layer to be disposed

W, on the insuleting layer 15. 2 plurality of éonductive

10 Jayers 17 are disposed so as to electrically connect with
the predetermined semiconductor regions 14 via the contact
holes 1€ and to extend in the Y direction while crossing the
cdnductive Jayer (WL) 11 on the insulating layer 15.  The
conductive layers 17 constitute the data lines (DL) of the®

15 EPROMs. | |

Next, the dependence of the retention

characteristics of charge, as the data, upon the film

| thickness of the insulatipg layer 12, which is disposed

ht . gideways of the conductive layers 9 and 11 of the memory

20 cell, will be described.

Figure 5 is a diagram showing the dependence of
the retention characteristics of the charge, as the data,
uron the thickness of the insulating layei 12, and Figures
6(A) through 6(C) are sectionai views of the principal

25 portions of the memory cell (model) of an EPROM in which the

film thickness of the insulating layer 12 is variable.

<



‘Egaberned by self-alignment, is used. Figure 6(B) shows the nodel in which
ppact silicon oxide |ayer 12A, forned by thernmal oxidation to cover sides
of the conductive layers 9, 11 that are patterned by self-alignment, is
formed in a 15 thickness about 1/2 the i%lckness of the insulating |ayer 8.
Fiigure 6(C) shows the nodel in which compact silicon oxide |ayer 12B,
forned by thermal oxidation to cover the conductive layers 9, 11 that are

patterned by self - aljedeiing lﬁofviﬁfﬁﬁelsﬁatﬁﬂ ibhhu%ﬂefnmmw Qral

20 to, or greater than, the smaller of the filmthickness of the

i nsul at | ngehpyeatul eadbpehdetice a1 ST pO)ECoS! thel hoddimgse Figs. 6(A)
through 6(C), the thickness of the |layers 12A and 12B are neasured parall el

‘to the swliaucnttulsttunmmtchasgbstaat the 8ata, and the Axdimte
seen clearly fromFigures 5 and 6(A)y through 6(C), the retention tine of

t he char geepresendsddhe logardithm {[lpgo(bi)byofotbei holding time @fiucti ve
layers 9, 11 with the silicon oxide layer 12B. In this device,

the si |3 ctheochdsgeaps thes-datang Thei 1inesi ¢Ades{BIqand t(€) or 5 greater
than, the smaller of the filmthickness of the insulating |ayers 8 and 10
covers edtREresromd dsndhe imedelscehown in Figures Gum)be&éas anksible to
restrict the charge stored in the conductlve | ayer 9 from|eaking fromthe.
edge port$ 68)ef TEEPESIHAMRAY ve | ayer 9 to the 10 sem conduct or substrate 5

or to the CondUCtIV%ne?/gureé ?Rﬂ) through 6(C), Figute 6(A)

represents the model in which no compact silicon oxide | \)

10 lgyer, to cover sides of conductive layers 9, 11 that are
patterned by.selféalignment,iié used. Figure 6(8) shows the
model in which compact silicon oxide layer lza;'formed=by
thermal oxidation to cover sides of the conductiveolayeté 9,
11 that are patterned by self-alignment, is formed in a

15 thickness about 1/z the thickness of the insulating layer 8.
Figure €(C) shows the moéel in which compact silicon oxide
layer 12B, formed by thermal oxidation to cover the
conductive layers 9, 11 that are patterned by
self-alignment, is formed in a film thickness which is egual

20 to, or greater than, the smaller of the film thickness of
the insulating layers 8 and 10. As can be appreciated from
these Figs. 6(A) through 6(C), the*thfckness of the layers
12A and 12B are measured parallel to the surface of the
semiconductor substrate.: |

25 . As can be seen clearly from Figures 5 and 6(A)
through 6(C), the retention time of the charge, as the data,



silicon oxide layer 12B is forned by thermal oxidation, a heat-treat

step foryan extended period is necessary, and this causes lift-up at t
end 15 pertions of the conductive layers_ 9, 11 such as the conductive

| dyers 9A, 11A as indicated by dotted IN\®es in Figure 6(C). This is because
t he growi ng speed of the oxide filmat the end portions of the conductive
layers 9 &muh lei improgedr byhaovierding reides nof ncondhotsvel leyerd 9, 11
sem conductor substrate 5.. Accordingly, this device uses an Insul ating

| ayer -12 tWkh jtherepddeonbpxide dpyersil2eon oxi de |ayer fornmed by CVD,
for exanple, in place of the silicon oxide |ayer 12B forned. by thernal

oxi dation. Such baki ng makethisudevdickei,con oxi de | ayer formed by @¥e 25
denser. Preferably, its filmthickness is equal to, or greater than, the
smal | er offkkicon| axideclayes 2B having atfilp| thickneésaneégual to,Netrt, a
nmet hod of production of this device will be described. Figures 7(A) through
7(J) ar e S5QALeR| thebws theokmad en @f Jihe pEiin othickneascpkothend are
useful for, 5 expl ai nipg the production steps; and Figures 8(A) through 8(C
are secti&ﬂﬁ“%fggggtASXRtﬁlgng“ﬁI%Q\HQWGQQ-QQHQ$ othei gapdugtiye | i ne

VITlT 8- VI B of_Fi 7 [ Vill C- MIJI Cof Fi 7(3 :
respect i vé‘l‘)y.er_% %ulr gr'gfﬂg %H?‘ga&q'@%ﬂﬂl‘%ﬁ @%ﬁ’c?%a?°v28§/§|"ggigrtihgci) pal

portions Qharge storea in the conductive layer 9 from leaking from

to fnprove the retention characteristics of the charge. Fbmever,mhe2?§§E>'

W the edge portion of the conductive layer 9 to the
10 semiconductor substrate 5 or to the conductive layer 11, and
to improve the retention characteristics of the charge.
However, when the silicon oxide layer 12B is formed by -
thermal oxidation; a2 heat-treatment step for an extended
period is necessary, and this causes lift-up at the end
15 portions of the conductive layers 9, 11 such as the
conductive layers 9A, 11lA as indicateé by dotted lines in
Figure 6(C). This is because the growing speeé of the oxide
film at the end portions of the conductive layers 9 and 11
is greater than that on the main surface of the .
20 gsemiconductor substrate 5. . Accordingly, this device
uses an insulating layer 12 that is prepsred by baking a
silicon oxide layer formed by CVD, for example, in place of
_théfsilicon.oxide layer 12B formed by thermal oxidation. 
Such baking makes such silicbn.oxide layer formed by CVD.
23 denser. Preferably, its film thickness is equal to, or
' gteaté; than, the smaller of the £ilm thickness of the

insulating layers 8 and 10.



i pheral circuitry of an EPROM and are useful for explaining the
,ﬂﬁb tion nmethod in the drawings, an insulatéd gate field effect

gnsi stor (hereinafter called "M SFET") form ng peripheral circuitry is
so as to correspond to each production 15 step of the nmenory cell of .
the EPROM First of all, a p -type ser qonductor substrate 5 consissting of >
silicon single crystal is prepared. A tileld insulating-layer 6 is then
formed on the main ce ,of ' Hle@li opUl reiBs Sdevi¢de portion
bet ween t he regionssggg§ﬁefb ?ﬁ@féﬁﬁgﬁﬁ ductorlézsggis are to be forned. A
p-type channel = stoppeg;§dbengédcribeidred on the main surface of the
sem conductor substrate 5 below the field insulating layer. The field
insul ating l'ayer 6 igi§aperd 70A pncébyg® 7 {(®) nate O¥edeibaalovicie
sem conductor substrate 5. The 25 channel stopper region 7 is forned by
i ntroduci ghowihg ypti‘ihﬂ?int-x:dmim | 0P| aWtEPRON, anddatécusefiledorng t he
inpurity to drive-in diffusion by thermal oxidation. The  techniques for
f orm ng 3 lexplwinbhg sthepprodagition cetiepes &nd nFigutés Bi(al)d throwgdi i ng
region, are conventional. ‘As shown in Figures 7(A) and-9(A), an insulating
| ayer 8 i 8 (f¢Qy nexie ogetbéomailn vHevwasictakéntdlongnltnedUiidr AsebSIIAt A 5 in
t he regi on where the sem conductor device is to be formed. It is forned by
t her mal oRigunien? 6B)yhdipsenVadii R torVELDsBrof cFigurer 74Camand, Jdme i t's
filmthickness is, e.g., about 500'[err$ so that a gate o .

VIII C - VII1 C of Figure 7(J), respectively. Figures 9(A)

- 10 pe

through 9(J) are sectional views'of3ptihcipil portions of "/
10 peripheral ciicﬁitty-o? an EPROM and are useful for
explaining_the production method , h |
" In the drawings, an insulated gate field effect
transistor (hereinafter called "MISFET") forming peripheral
circuitry is shown so as to cb:tespbnd'toJeach'ptdduCEion
15 step of the memory cell of the EPROM. = -

"First of ﬁll;*a b’-typé semiconductor substrate $
consisting of silicon éingle crystal ies prepared. A field
insulating layer 6 15 then formed:oh;the main surface of the ;J
semiconductor substrete 5 at the'pOttién'bétween'the‘tegions

20 where the semiconductor devices are to bé formed. A'p—type'
channel stopper region 7 is formed on the main surface .of
the semiconductor substrate 5 below the field insulating
layer. The £ie]d'insu15tingﬁliyét 6 is formed by selective
thermal oxidation of the semiconductor ‘substrate 5. The .

25 channel stopper region 7 is formed by inttoducing a p-type
impurity by ion implantation, ahd'théh;sﬁbjecting the
impurity to drivefin diffusion by thermal 6x16ation. The



I nsul ating | ayer can be provided. 10 After the step shown in
Figure 7(A) and Figure 9(A), the floating gate of the nenory cell .
EPRCNIand the gate of the M SFET of the peripheral circuit are for
t hi-s purpose, a first conductive |ayer of the production process, €
poﬁ?crystalllne silicon | ayer about 3, 15 thick, is fornmedyon the field
i nsulating layer 6 and on the insulatin ayer 8, and P in a high

concentration is introduced into the polycrystalline silicgn |ayer b
thernal(mfﬁQE#BﬁQBFslGR‘l%ﬁFE#ﬂ% ﬁ?¥ 4y'gﬁpasttﬁe9gﬂﬂcex9ﬁef¥‘

or edet or i 1ARFRIRGEHE HlETS, SRamIneiFE, H&»;i&??&éﬁﬁ?ﬁéﬁﬁ rayht oo
e EPrav 0w iy BERURSs R A FEr, 4 LEndR SELSTARESE ¥, K8, | oyer
o5 L0 SOTsi4dbha’ B RN pRYBC TG dF  OOF SAREEIp it BiRARRAER &

or yor ysta {7 Ehe; FRatdn ShERe she 3*% 49@4%?%‘@#‘8&@%@ bR ustrat e
[n Figur es fllead( Ayeady %ga..ea BY, tlebifi1 GRIOEIGHTBE, eh@r cxample, by-

-5 thermal |y oxi di zi ng t he polycry ayer 9B 1n a fi

thi ckness Ofemfecéndudbert sE%t&A)teAfst erfweeﬁmébomalmﬁ $318S 7(3)
8(A) and 9(B), the control gate of t he menory cell of the EPROM and - -

thickness is, e.g., about 500 (aA°), so that a gate

\/ | insulating layer can be provided.

10 ' After the step shown in Figure 7(&) and Figu:e
B(A), the floating gate of the memory cell of the EPROM and
the gate of the MISFET of the peripheral gitcuit are formed.
For this purpose, a first conductive layer of the production
process, €.g9., & polycrystalline silicon layer about 3,500A°

15 thick, is formed on the field insulating iayer 6 and on the
insulating layer 8, and P'in 2 high concentration is |
inttoduced into the polycrystalline silicon layer by thermall
diffusion or ion 1mp1antation p:imarily so as to reduce the
resistance. This polycrystalline silicon layer is then

20 patte:ned in a ptedetermined pattern, thereby forming a
polyctystalline gilicon layer 9B to constitute the floating
gate in the region in which the memory cell 9£ the EPROM is
gé_be formed, and forming also a'pqiycrystalliné gilicon
layet 9E to constitute the gate electrode §C of the MISFET

25 §n the zegidn in which a MISFET of the peripheral circuit is

to be formed.



o -

d\lines (W) are fornmed as shown in Figures 7(C), {B) 10 and 9(C). For
f s jourpose, a second conductive |layer of the production process, e g., a
crystalline silicon layer 11B which has a filmthickness of, e.g.,

about 3,500 [err] and into which P is doped in a high concentration, to .
| oer the resistance of this polycrystahline silicon layer, 15 is formed o
the insulating layer IDA and on the fie i nsulating | ayer 6. After the '

step shown in Figures 7(C), 8(B) and 9(C), the polycrystalline silicon

layer 11B, the insul ati¥benhaysn Snsudatisy Jeyerr)OAalsi forned da dudtca

9B are 20 patterned in the region where the nenory cell of the EPROMis to

be formed, tRenAer (@B ntageoNerctheupolycrystallinecsiligons JnyesC OF aila
gate (CG and.the word lines (W), the conductive |ayer 9 serving as the-
floating gat then@ate electrofry9Cay s JAJusntrateddincrigeveshd(s), B(A) ~ -
conductive 25 l.ayers. As.shown in Figures 7(D) -and 9(D), the insulating
layer 8 at t D& &(Bbns Thic laner cad be ifarmed, ofor hexamplest bye | ayer

9, the ins#lg&in,ul e{_8ﬁgi t he gontions_ ~other than the portion bel ow

the gate ePetPes oxidiging theapodycryateline osfiicon dsyes 8B /dn

the gate elecgtr, s are selectively repoved, expesing the upper surface
portion of t%e fggiﬁ'ﬁ%&’r%?%e?gil?ﬂhe appt 509udPdoe portion of the gate

el ectrode 9C and the predeterm ned-upper surface portion of the _
seni conduct or substrat eAfter the step shown in Fggntel 7(B), 8(A) and
$(B), the control gate of the memory cell of the EPROM and
word lines (WL) are formed as shovﬂ in .Figures 7(C), 8(B) W
10 ané 9(C). For this purpose, a second conductive layer of
the'produCtioh.piocéss.-esg., a polﬁcfﬁétalline silicon
layer 11B which bes 2 film thickbeés'of; e.g., about 3,500
(A®) and into which P is doped in @ high concentration, to ”

lower the xesiétahce of this pbljcrystalline siliéon'layer._

o)
(%))

is formed on the insulating layer 10A and on the field
.inéulating layer 6. | | |
_ After the step'showh'in figutés 7(C)., S(B) and )
| S(C)}'the polycryétaliine.silicbh iayét.llb, ihe iﬁsulatiné o/
layer 10OA and the polycfystalline'siliCOn layer'ss.é:e |
2¢ patteinea in the teéibn.whére the'mémozy cell of the EPROM
is to bé formed, theréby forming the.cdndoctivé ihyei 11
sétving §s"thé control gate'(cc) and the word lines (WL),
| thé con&ﬁégive layer 9 serving as the f;bating:gate and the
ihsulgting layer ib intérppsed between thesé conductive
25 layers. As shown in Figures 7(L) and 9(D), the.ihsﬁlating
layer 8 at the poztions other than the portioh'beiow the |
conductive iayex 9; the insulating layer 8 at the portions



After the step shown in Figures 7(D) and 9(D), an insulating |layer 12Ais
*formed over the entire surface as 10 shown in Figures 7(E) and 9(E). T
i-nsul ating | ayer 12A consists, for exanple, of a silicon oxide (e.g.,
si}icon dioxide) |layer formed, e.g., b D, and its filmthickness ma
range, fbr exanple, from about 5,000 f4& &bBout 10,000 [err]. After the
shown in Figures 7(E) and 9(E), the 15 insulatin%“gﬁger 12A is etched

R sttt pst b gl inia sl sidaushot SN
Io>|§i ge' SP?&%‘?‘%&, g;&%:eigﬁpig,‘“??eglr H'c!*t:? lﬁ&'l%‘ang“ g?'&?. TR
TEchnol oSt tpd ek, FBERRY S renbiro biferig) €SN,
(hort! L 5Readl p82018p, 8 IR SoRuRa TV YolieR TS SO wplfy 1VL2 NS,
cover 3'Suiehie ot EEhbE SnegRte B LALIYL s Suggach Lhe upper

surface yer an i nsulating | ayer 12B reaching

of ¢ ho RS G kS BBoRE, surtpReIoR o GO e pemodidREeBR | 1o 000

i s equal giyphst¥agkcgter than, the snaller of the thicknesses of the
insulating layers -8 and 10. 5 After the step shown in Figures

7(F) and 9(F), heataftent ¢het stepCehdwn dh (Figides FDRsshd® 9epyifunt he
insulating film12B as shown in Figures 7(G and 9(0Q, . :
- insulating layer 122 is formed over the entire surface as
e 10 shown in Figures 7(5) and 9(E). The insulating layer 12a
consists, for example, of a silicon oxide (e.g., silicon
~dioxide) layer formed, e.g., by CVD, and its film thickness
'may range, for example, from about 5,000 to about 10,000 A°.
. . After the step shown in Figures 7(E) and 9(E), the
15 insulating layer 12A is etched anisotropically by reactive
ion etching or the like, as known in the art, in a depth
corresponding to its film thickness. Thus, for formation of
an oxide sidewall, see, ;or example, the article by Tsang,

et al., "Fabrication of High-Performance LDDFET's with Oxide

20 sidewall-Spacker Technology", in l1EEE Transactions on

Electron pevices, Vol. ED-29, No. 4 (April 1982), PP-.590-6.

As shown in Figures 7(F) and 9(F), an insulating iayet 128

is formed on the sides of the conductive layers 9 and 11 so

as to cover the sidec of insulating layers 8 and 10 and to
ZSFeach the upper surface of the conductive layer 11, and an

insulating layer 12B reaching the upper surface portion of



Qyi di ng a conpact (dense) insulating layer 12. At the sane tine, an

' ating layer BAis formed on the upper 10 surface portion of the

; nduct or substrate 5 in which the sem conductor regions to be used as

e s urce or drain region is to be forned and an insulating {ayer 13 is .
fofmed -on the conductive layer 11 an@ @ t he gate ‘el ectrode 9C. The e
|nsulat|ng | ayer 13 is disposed as a mask for 15 introduction of an

i mpurity fothieorydte ¢lhectrodeofCudsoformidion aAtite tEide WENthe "gate
contami nation by an unnecessary inpurity that would affect adversely the

el ectric chelectarode i 98. of Theef EPROthiCkinkas ©f ithewingwlating Ihyeferﬂ

at about 800 to about 1000C for 10 - 30 m n may be used for 20 the

heat -t reat md@B. ish\®eguaksto; of qneammm smallexiofitthe a -
[err]-thick insulating layer 13, for exanple, is.formed on the conductive

| ayer 11 anthicknesses ©of| thertusuleting dayers £ andn in Fi gures 7(D)
and 9(D}, a thin |nsulat|ng | ayer (for_ exanple, of a thickness of up to
about 255300 [err] ) After tmneaeaysbmﬂn Fhignresn 7 B and O Rler the

conductive |ayers 9, 11 and, the gate el ectr 9C. Then, the insulating

| ayer 12 i shedtmiFeaknent th ?ﬂga SFFﬁgtPa e, 8O A%E0 tdensifythe he
adhesi on of ,the_co duct f rs 9 and 1 d t he gf{ elec&%age 9C, with
the insul at tR§Y im, nR&| FHowpy, i gures G hgeous

o 1 i ARG, RS RE id TH A
same time, an insulat;ng layer BA is formed on the upper &J

10 surface portion of the semiconductor substrate 5 in which
the semiconducfor'régions to be used_is the'donrce'br drain .
region is to be formed, and an insulating 1iyér513'1é formed
on the conductive layer 11 and on the gate electrode 9C.

The in#ulating layer 13 is disposed as a mask fo:

15 introduction of an impurity for forming the semiconductor
region, and to prevent the ¢ontamination'by'an'unhecessary
impurity that would affect adversely the electric
characteristics of the EPROM. Oxiéation in wet 0, or éry o,
at about 800 to about 1000°C for 10 - 30 min may be used for

20 the heat-treatment. As a result of the heat-treatment,
approximately a 500A°-thick insulating layer 13, for’exémple,'
is formed on the conductive lﬁyer 1l and on the gate electrode
9C.  After the step showh in Figures 7(D) and 9(D)}, a thin .
insulating layer (for example, of a thitknéss of up to about

25 300 x°) can be formed by thermal oxidation so as to cover the
conductive layers 9, 11 and the gaté electrode 9C. Then, the

insulating layer 12 is formed. Such thin insulating layer



i nsulating | ayer 12. After the step.shown in Figures 7(G and 9(G, an n
~type sem conductor region 14 to serve as the source or 10 drain region
forned ,i: he main surface portion of the sem conductor substrate 5 at
S|des of e conductive layers 9, 11 and the gate electrode 9Cin the
redPons where the seni conductor deV|cesib to be fornmed, through the

I nsulating |ayer 8A, mainly.using the insulating |layer 12, 15 conductive

layers 9, 1l.48t5-€ €6t iRASYE 2 lifhdd Ffaxsi dﬁ%ﬁ)é&%dﬁgegﬁ 61$ge93555

for |nplant|ng the 1 mpurit as shown 1 n Figures

region 14 canyd® Ip] neda £8E g&%@pleqeé%d&n 9P hid R4 ﬁi?éfawﬂg layer

Impurity in a dose [err] , for exanple, at an energy
70 to about 9@ (KeV). The insulating | ayer 12 reduces the. di f fusion
guantity into the regions where the nenory cell of the EPROM and the

channel. of a M SFET of -fheigentalangl thisuit are to bis fgdvEstadesusi £E6m
capacity fornmed by the conductive [ayer 9 and the 25 sem conductor region

14 and by bhetlgatsspeéett oHdeheCproductsore Pprovebe thecadnge Olfhd4iﬁeﬁ1bein?
reduced. Accrodingly, the operating speed of the EPROM and its periphera
circuit can Bmayews c8Zxdandh23seanc bed fuirmed simaitanecusky fwithdthéter the
formation of the insulating |ayer 12, and since no heat-treatnent step for
an ext ended d@ﬁuiht&nghbayettéﬁ.perforned in the production process,
exceSS|ve drive-in diffusion is not effected. For this
- After the step shown in Figures 7(G) and 9(G), an
\/ | " n*-type semiconductor region 14 to serve as the source or
10 drain region is formed in the main surface portion of the
- semiconductor substrate 5 at both sides of the conductive
- layers 9, 11 and the gate electrode 9C in the regions where
the semiconductor devices are to be formed, through the
insulating layer 8A, mainly. using the insulating layer 12,
15 conductive layers 9, 11, gate electrode 9C and the field
insulating layer 6 as masks for implanting the impurity,
as shown in Figures 7(H) and 9(H). This region 14 can be
P - formed, for example, by ion implantation ©f As ion impurity

\_J |
“in a cose cf'lxlo16

(atoms/cm ), for example, at &n energy
20 of, e.g., about 70 to about 90 (KeV). The insulating layer
12 reduces the diffusion quantity into the regions where
the memory cell.of the EPROM ‘anéd the channel of a MISFET
of the peripheral circuit are to be formed. The mirror

capacity formed by the conductive layer 9 and the
25 gemicconéuctcr region 14 ané by the gate electirode 9C and
- the semiconductor region 14 can be reduced.

Accrodingly, the operating speed of the EPROM and its

veripheral circuit can be improved. The semiconductor



rreason, a sufficient effective channel |ength can be obtained and the

ort channel effect can be prevented. After the step shown in Figures 7(H)

id 9(H), an insulating layer 15 is formed over the entire surface as shown
in Fijgures 7(1) and 9(1). The layer 15 can be forned, j 10 for. exanple, of
a ghosphosilicate gl ass (PSG | ayer 0&g upper surface portion can be nadef
flat and snooth by glass flow. The atute step shape defined by the '

ducti ve_Lay el gevach d coLL e ALl qal e
noul at | ngr ¥8§8P°1F 4s' GRURd W C0L PeRPRORRIRABH oF Tle RN |
| 15 i | e ey t - . . 8t ' ' | 7(1)
and (1), THEFT1Z, MR, FIKCE RO NERL-(EEREntRY SHER Ter an prudidee T

sem conduchef 1 68014B" ther st & 9é i £6tMeBC IR tHe! production grucads iole
16. As shown in Figures 7(J), 8(C and 9(J), 20 third conductive | ayers .

17, 17A ofekbesBiveu@r ive-Aw@Stfusfohhts hotnedfecteds | Tt Alfw | ayer
15 so that they can be electrically connected with the predeterm ned

sem condsici @asbfgl @ sk ficléne ebfectiveochahfielTlengitly daroibiucti ve
| ayers can be provided by use of an alum num 25 | ayer prepared by sputter
deposi ti onpbtainedagr&  thidhahyr t hehahnel neffectc canabea prevarnted.y | ow
resi stance value, its depositability is |low at the acute step portion.
However, since the updfitersktiecsteprshownoint Fdgunes Fi(Hig and & (B fans
PeCal U nuimsajok iing Meyer 15 15 formed over the entire surface as '’
shown in Figures 7(I) and 9(I). The layer 15 can be formed, g)
10 for example, of a phosphosilicate glass (PSG) layer whose
‘upper sutiace pbttion can be made flat and smooth by glass
flow. The acute step shape defined by the_conductdve layers
¢, 11 and the gate electrode 9C"is-mitigated.by the
insulating layer 12 so that the upper ;urface-portion.ot the
15 insulating layer 15 is made flattet'and.smoogher.

After the-step shown in Figures 7(1) and 9(1). the
insulating layers 8A and 15 on the predetermined
semiconductor tégion 14 are selectively :enoVed.to dgfine 8 ;J'

contact hole 16. As shown in Figures 7(J), 8(C) and 9(J},
20 third conductive layers 17, 17A of the production process
are thén formed on the insulating layer 15 so that they'can
be electrically connected with the predetermined.
' semiconductor region 14 via the contact hole 16. The third
conductive layers can be provided by use of an aluminum
25 layer prepared by sputter deposition, for example. Though
the aluminum layer has a relatively low resistance value,

its éépositability is low at the acute step portion.



s0O fhat the reliability in nulti-layered wiring technique 5 can be
-i mproved. The EPROM of this device can be conpleted after the gerie

of produgtion steps described above. Thereafter, post-treatment such Wﬁ
deposition of a.protective filmmy be R%Led out. 10 o

| ne#dental ly, the insulating |ayer 12B f din Figure 7(F) may be forned

In such a ner as shown ipn Figure 7;K). 15 After the step shown in Figure
7(E), the am¥&v%h & %ﬁiﬂ’@eogl’?ﬁé NEfese portipn of> Ahe inswlating so

oot PRI P O FROE KFSARISeEY B0 M im0 O
e TR A R I AT SR TR BF
peDer o0 Y S5 o e ST EYOUn R NSDAMRH B B A Yo i .

| ayer 27d@ﬁﬂgg;fhﬁgyﬁé@pcentration (less than 4 nmol % of phosphorus
t hat does not generate glass flow at tenperatures used during processing

af ter depositing the pARsPESRGH 681 EhIEaSievide the (R3¢ Helddipiivéd above.
the gate el ectrode - e .

- after the series of production steps described above.

" Thereafter, post-treatment such as deposition of a

protective £ilm may be carried out.

W,
10 - Incidentally, the insulating layer 12B formed in
Figure 7(F) may be formed in such a manner as shown in
 Figure 7(K).
15
After the step shown_in Figure 7(E), the
gnisotropic etching of the insulatihg layer 122 is
\J

cgntrolled 60 that the insulating layer 12C covering the .
?0 insulating layers 8 and 10 may be formed as shown in Figure
7(K). | |
_In the description given above, the insulating
layer 12 is formed using a silicon oxide layér.prepargd by
CVD, but the insqlating lqye; 12 may be formed using a
25 sil;con pxide_layet prepared by sputtering or plasma CﬁD.-or
such insqlating layer_lz_cgn be a densified layer prepared
by baking.and densitjing a phosphosilicate glass layer



5)9C constituting a part of the M SFET of the peripheral circuit of an
I s conposed of the first conductive |ayer of the production process,
it nay be conposed of the second conductive |ayer of the production
procé ~ Next, anot her uction nethod different fromthat -
descrlbed above wll be discussed Flgﬁ?gs 10(A) through 1 D) are _ﬁf
sectional views showi ng principal portions of an EPROM and are useful for

expl ai ni ng hAeikig WIClowncohepatehtilons (ammctnumwaicwmmﬂoﬁhoéﬁhoms
After the step shown in Figure 7(E) (that is, formation of silicon oxide

| ayer 12A), tha&tdﬂésnnaﬁtgenerat2|gdass:ﬁimuiuﬁ tempemntureagubeﬂer 12E
Is formed by densifying the insulating |ayer 12A as shorn in Figure 10A).

Si nce the sdurdmylprocessingnatte20 deposd ting thes phasphosiil icateeglassis
not yet forned, the insulating layer 12E can be formed by steamor dry-02
oxidation at a relati vinythegaescmpmtamr gisen b0 the [gate electrode
exanple. After the step shown in Figure 10(A), anisotropic 25 etching is
conduct e§ i 8Ct konstitubinghar pByt: Ofnithe MISFER afiithe peyipherads shown’

in Figure 10 . B). After the step shown in quure 10(B), heat-treatnent

is carried G&FqniﬁcﬂﬁwﬁheﬁPﬁgﬂléﬁlﬁ@“ﬁ&ﬁ%ﬁ% firsk ceRARCEVE| gure

10(C). Aft t he st h F 10( O, n.
(O _ eiaye(i' Sbfe ptgeoggonliuctli lrjxr %roc ut t n¥£y be composed of

the second conductive layer of the production proceas.

10 ° Next, another production method different from
that deScribedmabbve will be discussed. '

Figures 10(A) through 10(D) are sectional vievws
showing principal portions of an EPROM and are useful for
explaining the production steps of this second production method.

15 After the step shown in Figure 7(E) E-f—-smbeé-&nea-e—
#) (that is, formation of silicon oxide layer 12a),
heat-treaement is carried out so that an inéulating layer
12 is fermed:by densifying the insulaﬁing laver 122 as =
shown in Figure 10(a). Since'the"seﬁicénductdr region to ~

20 serve as the source or drain region is not yet fq;med; fhe
insclating layer 12E can be formeéd by steam cor dryeoz
oxication at a relatively high temperature of from 800 to
1,000°C, for example. '

o After the step shown in Fzgure 10(a), anisottopic

‘25 etching is conducted in the sane way [as—i-n—hbeéi:ment—!']

thereby fbrming the insulating layer 12 &s shown in Figure

10(B).



5 sem conductor regions 14, to serve as the source or drain region, arg
formed in the main surface portion of the sem conductor substrate 5 tAnowygh
t-he in ating {ayer BA, as shown in Figure 10(D). After the step sh iJn
Figqrd' (D) the steps 10 shown in Figﬂfﬁf?(l) conducted in the sane .
After the series of the production steps described above are carried out,
an EPROM of this devikfter the btepospostredn FigureodithiB), Now a device
bei ng an enbodi ment of the present invention will be described. Figure 11
i s a sectiohsptritaeatment nts peerpdedi o dio fomprthe Ansulating Ulayers
expl ai ning the 20 construction of an Enbodi nent of the present invention,
and Figure 83 pnd; bas shown tn, Figareyd{fline XI1 - XiI of Figure 11.

In these draw ngs, reference nuneral 14A represents an n -type '

sem conduct or regi on %ﬁFiShGi§ESEe&52?WI4QIE§QH£QJiﬂﬁq¥ME$HRHQ¢T#NRR_
t he senicgndubtor substrate 5, at tSﬁ paortion between the region iE E@ich-
the channdl 8§PiCOnGUchor Xeqaiene, dAq &0, BefVe Bs r&P9 oF i s

L e o o et T GEREHH e et ‘b TSR e O
SeniCondUCt%Eﬁfggéghéfpgfégﬁgk¥gte 5 through the 1nsu1at1n§ layer BA,
| as shoun.in Figure 10(D). .
2fter thé step shown in Figure 10(DP), the steps
_ki 10 shown in Figure 7(1) Esai—so—ie;%h—ei—&gbeé%meat~{ﬂare
conducted in the same way.
after the series of the production steps deséribed
above are catried.out. an EPROM of this device can be
completed. |
15 Embodiment _ _
| _ | waaidmdbetéﬁm;maeﬂxﬂhmmtct1me;mé¥mtinwmtkm
will be described.
Figure 11 is a sectional view of principal
\ pOttions of an EPRCM and is useful for_eiplalning tﬁéu |
20 éonsttuctipn'of an Embodiment of the present invention, and
Fighte 12 is a séctiona! vigu taken alohg line X1I - XII of
tigute 11. | : |
In these dtawings, refé;ence numeral l4A
_reéiesents an n —-type semicondqctor :egioh whiéh.is disposed
25 in the ﬁain surface portion of the semicohductgr substrate 5
~at the portion Setweea ﬁhe regién in which the channel of

the field effect transistor as the memory cell of EPROM is



er 12 is not sufficient, .or when the junction w thstand vold age between

seni conductor region 14 serving as the drain region of the.field effect -
tran3|s or and the sem conduct or sub te 5is to be inproved. 10 _
Next, the production nethod of thls ‘§d|nent mnll be described. Figure 1§f
isasectlonal |ewof pr| rt|

s.of an- %n t h pr.oductlon
p;gcgss &R be QEP&ﬂ1§ﬂd 4 §°P B°§95d689|8ﬁ Rhrtype
E [ -.- 5 F 7
sempgoggréﬁ’&ic?ggﬁﬁﬁé"lzfﬁ%ﬁ@flé?ﬁﬁ gﬁ 535&5:‘%5@% ¢ (@m &T@%nl a;)élrog
9 11 11 6 as
Tasks for* r$54P8aac, AILE B oAt s¥ehstind %ﬁtt"ﬁleﬁ. gheh ¥ effedfiye) ° °°
4

Ton | npureh EREL A Ve ?’[@‘Mﬁ%?ﬁ‘?{’%% 5 %’ﬁior 1

| h Vo
o 2o poshs cEpBURY! d“?e'ﬂ}%‘ﬁs% ?*EESQESF“M“E‘I‘W MR de 'S

S T uneaLE8n0 bilehis K Vol Vgt BELRedn thel WaIUBARILKG %e?%ﬁt e
remove thﬂ'é&k‘b%b”%é VY EFAPh £EG16APLE AR Qrmfa d¥rect

transistor and the semiconductor substtate 5 is to be

Eégggjn the drive-in diffusion quantity to the region beneath 5 the insulating
e

improved. o oy
10 _ Next} the ptoddction*mcthod of this embodiment - ~
will be described. _ |
Pigure 13 is a sectional view of principal
portions of an EPROM in the production process and is nseful
for explaining the production method of this Embodiment.
15 o .Aitér the step shown in Figure 7(D)habove,
n -type semiconductor regions’ICh”are formed on Joth
sides of the conductive layers S and 11, using the
conductive.laycr 11 and the field insulatin§ layet 6 as

masks for introaucing an impurity, as shown in Figure 13.
20 The n -type semiconductor tegions 142 nay be fotmed by
implanting As ion impurity or P fon impurity of 1:101‘ to
1x101° (atoms/cmz) at 70 to 90 (er). for example. When
iwplanting ‘the impurity ion to form the semiconductor
:egions 14A. it is also possible to dispose an insulating
25 layer which co\_re_ts the upper surface portions of the
conductive layers 9, 11 and semicohductor substrate 5 and

functions as a mask for the ion'implantotioh,'and then to



i mpurity by thermal diffusion or the like. After the step shown in Fig

»13, the steps shown in Figure 7(E) and so on nay be
carrigd.out. 5 - . After the series of these production steps,
EPROM{of} t hi s Enbodi ment can be conpleted._ Incidentally, this enbodinment is
notparticularly linited to the netmmjzﬁclﬁgs. 7 to 9 and the production
nmet hod of Fig. 10 can al so be applied. 10 ~In this enbodi nent, a
M SFET of rdmower theedasudating ldyen aftét gthesivplantation of she)

above may al so have the sanme structure (e.g., such n -type sem conduct or
region). dmputity by dhernmal diffysiennerotheclékesegion is fornmed

sinmul taneously with the step 15 shown in Figure 13 under the state shown in
Figure 9(D). Thereaf Aditen Hhegter shewnrinnFigurendder theseteps: shown

peripheral circuit can be forned by the n+-type sem conductor region 14 and
the n -typd sE#SuERITISEN regi on 14A when !H% ﬁ?oﬂBcPFSngEt§B§‘3%9wﬁq91

Figure 9 _are 20 thereafter followegd. This arrangenent provides the effect
that the %r eakdown véEtEfe e (FRE %c?#oﬁhﬁFetﬂEgﬁi‘gﬁgncg €& i B oved
and the occurrenc hot_ garrjers, can be restricied. O her features of
‘this enbod?RA Ry %itfﬂcl?"aé1'['5“'25"?“53&?’882’&?36gssed above with
feference to Figs: 100 A0hi}) R GipShiaEREcEs’ RotPparitctilariy"
limited to the method of Figs. 7 to 9 and the production

" method of Fig. 10 can also be applied.

- 10 "In this embodiment, a MISFET of the peripheral
circuit shown in Figures 9(A) to 9(J) above
may also have the same structure (e.g., such n -type
semiconductor region). In other words, the n -type
semiconductor region is formed simultaneously with the step

15 shown in Figure 13 under the state shown in Figure 9(D).

“Thereafter, the source and drain regions of MISFET of the
peripheral circuit can be formed by the n+4type

- semiconductor region 14 and the n'-ﬁype semiconductor region

L

142 when the production steps shown in Figure 9 are
20 thereafter followed. This arrangement provides the effect
that the breakdown voltage of the junction of the MISFET can
be improved and the occurrence of hot carriers can be
restricted.
Other features of this embodiment méy be similar to
25 the deéices discussed above with reference to Figs. 1 to 10

and will not be discussed in more de;ail now.



s in a sem conductor integrated circuit device according to the present
ention, with a conductive |layer to function as a gate, and an insulating
er .hetween the gate and the substrate, the following results may be

@chi dvell. 10 (J) Afirst insulating |l ayer consisting, for - -~
exanpl e, of the baked and densified (conpact) silicon oxide |ayer may be 5
provided on the side of the first conductive |layer so as to cover at |east
the gate insulating layer for the field e ct transistor. ~This 15 .
arrangenent makes it possible to restrict e | eakage of the charge, as the
data, stored in the first conductive-layer, to the sem conductor substrate,
so that the charge retention characteristics of the field effect transistor
can be inproved. 20 ~(2) ‘The first insulating |ayer having a
filmthickness greater than that of the gate insulating | ayer may be

provi ded on the side of the first conductive |layer so as to cover at |east
the gate insulating | ayer. This arrangenent nekes it possible to restrict:-
the | eakage of 25 the charge, stored in the first conductive |ayer, to the
sem conduct or substrate, so that the charge retention characteristics of

the fieldSeffect transistor can be 32 inproved. (3) Afield effect

transi stor including conductive |ayers may .be. provided i .ch the
conducti ve Thus in a semidonductor integta cufculg zﬂ\]uce _

according to the present invention, with a conductive layer to
function as a gate, and an insulating léwm?betwaaithe gate-amithg ké
substrate, the following resultS'may be achieved. .

10 1) A-first insulating Iéyer“consisting,-for
example, of the baked and densified (compact) silicon
oxide layer may be provided on the side of the first
‘conductive layer so as to cover at least the gate
insulating layer for the field effect transistor. This

15 arrangement makés it possible to restrict the leakage of
the charge, as the data, stored in the first conductive
layer, to the.semiconductor substrate, so that the
charge retention characteristics of the field effect
transistor can be improved.

20 ' (2) The first insulating layer having a film
thickness gteater than that of the gate insulating layer
‘may be provided on the side of the first conductive layer
so as to cover at least the gate insulating layer. This
arrangément makes it possible to restrict the leakage of

25 the charge, stored ih the first conductive layer, to the
semiconductor substrate, so that the charge retention

characteristics of the field effect transistor can be



| ayers including a first conductive layer, and a second 5 conductive |ayer_

to function as a control gate on the first conductive |ayer via an ' 2
i nter-layer insulating layer. A first insulating | ayer may be provid égn
both sl.des of the conductive |ayers so as to cover at |east the gate

in§ﬁlating | ayer and the,inter-layer insulating 10 |ayer. Accordi ng
this arrangenent, the | eakage of the charge stored in the first conductive
| ayer to the sem conductor substrate and tEHE@e control gate may be
restricted so that the retention characteristics of the charge, as the
data, by the fjiglydweid ect transistor can 15 be inproved. Mor eover, since
lift-up, particularly at the end portions of the second conductive |ayer

can be prevented, the dr f 4 | f : the first
p Qs of A e P ast #dSt %f%ﬁﬁ%w

and second conductive |layers nmay be prevented or at uced. 20

(4) Since theoHautdvd NARFATIdY b ARG RS 61 TBVh 1t 185 TStk ve

di scussed at (3) above, the reliability and operating speed in-the wite

and read nodeqa¥lershdndAh@itRY e irBt Weiudblve\dyert) aindit | s@sndapabl e
of 25 mtigating the acute step shape nmay be provided on the sides of the

conduct i ve5| ayeantiuctd viehdtayidre tipRinctidmces of ddretrols Weete ngn | Eheer
di sposed t hereon can be nade relatively flat and snooth, and
deposi t abi | it fiafstf wondactimeerlayemactialiany intempdayemnchsilateinqyer, can
be layer. A first insulating layer may be provided on both
\— sides of the conductive layers so as to .cover at least
the gate insulating layer and the inter-layer insulating
10 . layer. According to this arrangement, the leakage of
the charge stored in the first conductive layer to the
semiconductor substrate and to the control gate may be
restricted so that the retention characteristics of the
charge, as the data, by the field effect transistor can
15 be improved. Moreover, since lift-up, particularly at
the end portions of the second conductive layer can be
¢ prevented, the drop of the parasitic capacitance formed
by the first and second conductive layers may be prevented
or at least reduced.
20 (4) Since the drop of the parasitic
capacitance may be restricted as discﬁssed at (3) above,
‘the reliability and_operating speed in the write and ¥ead
_ modes of the data may be improved.,
(5) An insulating layer capable of
25 mitigating the acute step shape may be provided on the

sides of the conductive layers, so that the upper surface

of the insulating layer disposed thereon can be made



oved. (6) An insulating |ayer capable of mtigating 5 the acute step

may be provided on the sides of the conductive |ayers of the-field
transistor and on the sides of other portions such as on the sides

e gate el ectrode of. a M SFET, so that the upper surface portion of an--
I ngul ating | ayer to be disposed thereon can 10 be 'made relatively flat and
sndoth, and the depositability of further layers, including an upper
conductive |ayer disposed on the upper surf§i€e portion of the insulating
~layer, can be inproved. (7) After an insulating layer is forned on the 15

sides of the Londugtd r ir . of sem conductor .regions to be used
as. the source or d?%#¥§r£g¥gna3§eg389&§d. ng}ﬁﬁ?°§ﬂ%§hdé t Of ifRrtheds the
necessity of fgyg- re far_an n le i ch woul d, ot herw se
cause excessi Ve df%fugégﬁa%%ﬁgh%ﬁsgﬁéggngﬁgggg%igg $g595ﬁs9an REcordingly,
sem conduct orj g\, havi ng a shal l ow junction depth may be provided. (8)
Due to the effect described at (7) above and to the effect brought forth by
the second insulating | aygy, gxCesshYsStdhEf ysiap e.SaW Qr
region 25 into the channglyof t he ?Pe?é g%fg§¥8?r§%§%§ grgggﬁgggggiépgd,
and a sufSicittd ahiestsvep ChRaPE mh9"BENpEBYidedaPnOlhdl B8des ofNEhEf OT €,
the short channel effect can be prevented or at |east reduceg.

conductive layers of the field effect transistor and on

the-sides'of other portions such as on'the_sides of the
gate electrode of a MISFET, so that the upper'suffade A\
 portion of an'iﬂsulating layer to be disposed theréon can
10 be made relativély flat and smooth, and the depoéitability
of further layers, inéluding an upper conductive layer
disposed on the'upper'surface-portiOn of the insulating
layer, can be improved. | |

(7) After an insulating layer is formed on the

15 sideé of the conductive layer, a pair of semiconductor
‘regions to be used as the source of drain region are
formed. This arrangement eliminates the necessity of ‘ \J
heat-treatment for an extended period which would
otherwise cause excessive diffusion of the semiconductor

20 regions. Accordingly, semiéonductor'regions having a
shallow junction depth may be provided.

(8) Due to the effect described at (7) above
and to the effect brought forth by the second insulating
layer, excessive diffusion of the semiconductor regioh

25 into the channel of the field effect transistor is

restricted, and a sufficient effective channel length may



(9) Due to the effect described at (7) above and to the effect brought
forth by the second insulating 5 |ayer, unnecessary drive-in diffusi of
t he sqnfgonﬂuctor regions into the channel of the field effect transi '
is-restrtcted, so that the mrror capacity formed by the conductive
and<t he semiconductor region-my be reduced. 10 ' . (10) S he
mrror capacity can be reduced as described at (9), the operating speed nmay
be inmproved. (11) Due to the effects descr¢hed above at (1) to (6) and (8),
the retention characteristics of the chargg, ‘as data, can be inproved, the
deposition of 15 further .layers, including an uEper conductive |layer, may
be made easi ePe QRtairednort ThaEAfereef tBet SRarthehpraetneEfect Thnsbet he
reliability of the sem conductor integrated circuit device nay be inproved.

(12) The oper RESNLRYRLOBf athteash EBAUGEHer 20 integrated circuit device
be i d by the ef ts_d I bed 4, (7 d.(9). .(13). Th

rﬁgegsagrgaoggnsig¥ o? FhgggF;ngigﬁaEngg%F%Fég?éfé?ig?géﬁ%t:éivfegvgan be

i nproved because,its reliapility, can v e effects.

descr 1 bed at (B 5 (G5’ $orelhineqiaRE kORER By Ba' PRethe TunbirRing: i on

has thus b§enfﬁ?@{lb&gn¥éégséf§eégﬂgg-£8 8%ffusion ofegﬁgdggﬁggonEHQQSQf

3
regions into the channel of the field effect transistor

is restricted, so that the mirror capacity formed by the

\ " conductive layer and the semiconductor region may be
reduced.
10 ' (10) Since the mirror capacity can be reduced
as described at (9), the operating speed may be improved.
(11) Due to thé effects described above at (1)
. to (6) and (8), the retention characteristics of the
éharge, as data,C5n. be improved, the deposition of
15 further layers, including an upper conductive layer, may
be made easier, and the short channel effect can be
L prévented. Thus, the reliability of the semiconductor

integrated circuit device may be improved.
(12) The operating speed of the semiconductor
20 integrated circuit device may be improved by the effects
described at (4), (7) and (9). | |
(13) The integration éensity of the semi-
conductor integrated circuit device can be
improved because its reliability can be improved by the
25 effects described at (1) to (4), (7), (8) and (11).
Although the present invention has thus been

described with reference to an embodiment thereof,



t resent invention is not limted to them but can be achieved in

s ways. For exanpl e, although the foregoing enbodi nents have been

i.oed with reference to the case in which 5 the menory cell .of an EPROM
IS pr(vi ed in the sem - conductor substrate per se, the nmenory cell” of an .

EPROM may be disposed in a well region after formng such a well region in

a sem conductor substrate. Thus, the present invention contenplates such
wel |l region as a 10 "sem conductor substratgsefor form ng the nmenory cell.
15 Al t hough the foregoi ng enbodi nents have n described with reference to

mmy be a LS%}?@%&%&MW@ TR ke G (R, e "Gan by
S * CLAI Ms: 4¥rs &OBEUG%QEOG vhgsspaV|ng a first conductive Iayer

separ at ed by a |nsul I'ng aye roma sem conductor substrate; a

second insul ating | ayer apbchaye?ﬂ%gcgwgﬂqygﬁyeﬁgséqaf#hg éﬂbdd?%gég'”g

| ayer, the second insulating in nse 1 nsu

suficiently deise edn!agbbelhbal Qikhe 1RFerdifiedtd ‘1:34%9.%;4 QJH y}ﬁe‘ﬁ rst

conductive layer; a second conductive |ayer separate
5 the memory cell of an EPROM is prov1ded in the semi-

conductor substrate per se, the memory cell of an EPROM

- may be disposed in a well region after forming such a

- well region in a semiconductor substrate. . Thus, the B g)
present invention contemplafes such well region as a

10 ' "semiconductor substrate" for forming the memory cell.

15
Although the foregoing_embodiments have been
described with reference to the case in which a MISFET is
used as the peripheral circuit of EPROM, it may be a

complementary MISFET or a bipolar transistor.



insulating |ayer fromthe first conductive |layer; two sem conductor regions -,

i_n the substrate at the sides of the first conductive layer, the two B
m conduct or r-egi ons being of the sane conductivity type and of oppgs]
ondugtivity type to the part of the substrate

corduttive layer, whereby there is field $kbect aﬁlmﬁmltlmnm Whe art of

the substrate adjacent the first conductive |ayer*being archannel of

transi stor, Eﬁiﬂg St conductive | ayer being a floating gate of the
transi stor, ond conductive | ayer being a control gate of the

transistor, gnd the ddnfsdorddifctc |deidy Shabehge the gate oxide |ayer of
the transi stor and further sem conductor regions having the sane
conduct i vi ty type s iéta ¢Onaud DS t Yageitesapdiatethaby tae 1imst
sem conductor regions, and being respectively between the part of the
substrate beijiguletirpmefenffidre arsesisonduahdresvhstfatae two

sem conduct or regi ons. 2. A sem conductor device according to claim1,
wherei n the seconda ceecond iBsuipsings leyemp|adiseant |and SPYeEdng gidesp
sem conduct or device according to claim1, wherein the_second ﬁgnductlve

| ayer is of ®@frethe ﬁé’i’ﬁ'ﬁgiasﬁllﬁﬁiﬁ’ﬂ digupoi the gecond ingplaking; Jpver
devi ce according to claim1, V\/nerel n th sec nd conduc e,la a

conpound of 's‘??gE‘Sn 2nd9gNRe 2 1 RSYLALELPE g aPﬁﬁ‘El ﬁd’%%%‘/ﬁ?'e%t%y gense
sem conduct Qrsv.ggg":antgg(i?g(dlgg tp(?recxlreaﬁfn %ha%é el1@al~:age from t_he first

\J " conductive layer;

a second conductive layer separated by a third
insulating layer from the first conductive layer;

two semiconductor regions in the substrate at the
sides of the first conductive layer, the two semiconductor
‘regions being of the same conductivity type and of opposite
conductivity type to the part of the substrate adjacent the
first conductive layer, whereby there is field effect
transistor with the part of the substrate adjacent the.
first conductive layer being a channel of that transistor,
the first conductive layer being a floating gate of the
tranéistor, the second .conductive layer being a control
gate of the transistor, and the first insulating layer '
being the gate oxide layer of the transistor; and

further semiconductor regions  having the same
conductivity type as, but a lower impurity concentration
than, the two semiconductor regions, and being respectively

'betweén the part of the substrate being the channel of the

transistor and each of the two semiconductor regions.



i "icide | ayer of a netal having a high mltl_ﬁermw A

ohduct or device according to any one of the wher ei
g& sem conductor regions are As |on ur| tumﬂg mn“ﬂ subst r at
sem conduct or devi ce according to one ®

8 pmece Ag cl ai ns,

n
(SFs

~ ».'

V\/nereln the further sem conductor regions are Pioninpurity regions in the

substrate. 8.

precedi ng clains, whereint

I ayer forned

2. Aﬁegaﬁeesﬂﬁaeéoﬁew %&CC&&&H&#@ Y A1 1! hGherein

e SECOH i nsul at'1 ng is a silicon oxi e

#he dasnd | SBhdusle bk erayér aLhi 6¥ epél§ét§§'@b§ 18988SisiYicdn.

sem conduct or device according to any one of clains 1 to 7, wherein the
second i nsul &J ng A agekicSndustorcd@evidedcadeyedingr ad dmajmlnem C&hereinur

deposition. 10.

7, wherein t htheseseadndnsudratughjivenydayer dd oof a coetaht haviomg a high
phosph03| |icate glass fil mwhich has not been subjected to glass flow 11.
A sem conduct®elting @oirtor di ng to any one of clains 1 to 7, wherein the

second insulating layer is a silicon oxide Ig¥er formed b uttering.
raing o) qipda

A seni conductbr ddvi EemieeBaurkgT: deyirenRe

hhe P’éﬁ?ﬁ’ﬁ’e

A

Copour dipos e SebBlh Eonduskibe LaGak 3d Y Godfhlid B LTI

vapour dep05|

metal having a high melting point.

5. A se_mico_nductor device according to claim 1, wherein

said second conductive layer comprises a polycrystalline

silicon layer and a silicide layer of a metal having a high

melting point thereon. -

6. A semiconductor device according to any one of the.

prebeding claims, wherein the two semiconductor regions are

~As ion impurity re_gions in the substrate.:

7. A semiconductor device according to any one of the
preceding claims, wherein the further semiconductor regions

are P ion impurity regions in the substrate.

8. A semiconductor. device according to any one of the.

‘preceding claims, wherein the second insulating layer is a

silicon oxide 1layer formed by' deposition and baked to
achieve a suitable density.

9. A semiconductor device according to any one of claims

1 to 7, wherein the second’ insﬁlatin‘g layer is a silicon

"oxide layer formed by chemical wvapour deposition.

10. A semiconductor device according to any one .of claims

1 to 7, wherein the second insulating layer is a 1low

A sem conduct or device according to any one of clains 1 to

F

)



13. A seniconductor device ‘accor di ng to any one 0

ai B o -

wherein the first conductive layer is of polycry ' on. 14. 4 :
LU e

i cond or

Clic
sem can'éuctor devi ce according to any one of the M’m
M

t heskcpnd i nsul.ati'ng | ayer extends on the substrate ouve
regfons. 15. A sem conductor- devi ce subs®gfbially as herein described with
reference to and as illustrated in Figs. 11 to 13, of the acconpanying

drawi ngs. 16cofcafira®lont pRosphvisaq 136ty ¢1Gd Eal WHECK hddendt 668k Ng
clainms, being an EPROM 17. A nethod of producing a sem conductor device

conprising: - Eabdedted o gllasenduekd.ve |layer on a first insulating |ayer

whi ch separates the first conductive |ayer fromthe substrate; formng a
second i nsul atli.ng Al aeari catjduoddr adwy i cacoordingstof anlye drieg sif i okadms i ng
| ayer, the second i nsulating | ayer being a dense insulating | ayer of

suf ficient dandia y7suwbexetihalthe tseporgecdnsylatdng ckeere £s0@ t$klicont
conductive | ayer; form n% a third insulating |layer on the first

conductive | 8FdfAe AguRrndoxmes. bivd seidrei™ge | ayer on the third insul ating

| ayer; formng two sem.conductor regions of a fjrst
y . 19'. A semiconductor . egvice accoré}.ng to any one of claims

1 to 7, wherein the second insulating layer is a silicon
oxide layer formed by plasma chemical vapour deposi-_tion.

- 13. A semiconductor device according to any one of the
preceding claims, wherein the first conductive layer is of
polycrystalline silicon.

14. A semiconductor device according to any one of the
preceding claims, wherein the second insulating 1layer
extends on the substrate over the semiconductor regions.

- 15. A semiconductor device .substantially as herein

described with reference to and as illustrated in Figs. 11

to -13, of the accompanying drawings.

N\ 16. A semiconductor device according to ahy one of the

preceding claims, being an EPROM.
17. A method of producing a semiconductor device
comprising:

forming a first conductive layer on a first insulating
layer IWhich séparates the first conductive 1layer from the
substrate; |

forming a second insulating layer adjacent and

covering sides of the first insulating layer, the second



copdyctivity type in the substrate; that part of the substrate between the
t /:\ ons being of a second conductivity type opposite to the first, the

o ¢ - conductor regions being source and drain regions of a field

§ transistor with that part of the sugs rate tclm&

channel of the field effect transistor, the?flirst
a. floating gate of the field effect transistor, the second conductive
layer. form ng @eGa¢ Phglai 8yl t Beifp! & chbagle t_&mﬁéeinganﬂaw& fiost
i nsul ating | ayer being ?he gate insulating layer of the field effect
transistor; afefodient Genkhey sebsteniclay repipreveaitt bhasgee leakage
conductivity type as, but a lower inpurity concentration than the two .
sem conduct orfrome gt sfirshecohduthtveskayeonduct or regi ons bei ng _
respectively between the part of the substrate form ng the channel of the
transi stor and eackosfimg taw thdwdorbngudettimyonkayes. on ntheodfirst
according to claim 17, wherein the step of form ng the second insulating
| ayer conpri Renduebdve bavergi|icon oxide | ayer covering the or each
conductive layer, renoving selectivel]y the si]Jicon oxide |ayer,at parts
other than at bot FFBINDF 8ea8RCO uEﬂ'\Pé“T’gégﬁ, gﬁHetrh'eﬂ akPfg ?h&rd

wherein the Joq

silicon oxide |ayer {or”fensification.. 19. A nethod according to claim17, .
s’t’ﬁ}} ting

silicon oxide layeg .0 GOXCreFACNs EMIBShU 8% rellANE of a first
| co’nducti\fity type in the substrate; that parf of the
substrate between the two regions being of a second
condﬁctivity type opposite to the first, the two semi-
cb‘nductor regions being source and drain regions of a field
effect transistor with that part of the substrate
therebetween for_ming the channel of the field effect
transistor, the first conductive layer forming a floating
gate of the field effect transistor, the second conductive
llayerl forming a control gate of the_fiéld effect
transistor, and the first insulating layer being the gate
insulating layer of the field effect tran'sistof;.and
forming further semiconductor regions of the same
conductivify type as, but a 1‘owér impurity concentration -
than the two semiconductor regions, the further
semiconductor regions being respectively between the part
of thé ‘substrate forming the channel of the transistor and
each of the two semiconductor regions.
18. A method according to_ claim 17, wherein the step of

forming the 'secdnd' ins'ulating ‘layer: comprises forming a

ﬂ%efﬁe second insulating | ayer conprises formng a

W

*

SRR <2 o



the silicon oxide layer for densification, and thereafter renoving
selectively the silicon oxide |layer at parts other than at both sides of
.he or each conductive .layer. 20. The net hod accoygi ' , Wher ¢
_hesstep of forming the second insulating |ayer i H“l“ﬁ“‘lf“ﬂ”ﬂ“"“lﬁg a
sid¥com oxi de | ayer and baking the silicon;oryde |ayet tto #den8ify the
silicon oxide |ayer, and the step of form the pair of sem conduct or

con oxi de | ayer, and the step of form .
Cubstrate.  angursan PAEa HegRe: ekgrIRd el o BRI e Lover,

(e LT oMuct ety TN A361 008y B JD8 5L ok SECHUAR ot ELed T e

wherein the step of 1 cond 1 nsu yer~ I ncl udes deposition
of material. fqhdPr BNOpblf SOLAE g UbabhNcoRdestavd Datgew, f @nd then
densification thereof, and is perforned prior to the step of formng the
pair of seni ceIGP tH& W DEcoh N6k 1@ NDayet r foticdéensi ffcatpomity ions into
the sem conductor substrate, whereby the extent of diffusion of the
inpurity ions 1M a X egethodf ddoorstitigoobducladms it reberdtnedhle tstep of
conductive layers is limted. @ 22. A nethod according to any one of
claims 17 to Xormimgeithe heespod cinsulatingt Revexo CRMPELPRS c EOTMHAY ofts
Is perforned after the step of formng the second ingulating |ayer. 23, A
met hod of produdikgpm eshflechayeroito ¢aMeXe %t%‘?"&#’;ﬂ%sl%ﬁﬁ%rongahéf‘gi n
descri-bed with reference to :

the silicon oxide layer for densification, and thereafter

\_J | removing selectively the silicon oxide layer at'parts other
than at both sides of the or eéch conductive layer.

20. The method according to claim 17, wherein the step of
forming the second insulating layer includes depositing a
silicon oxide layer and baking the silicon oxide layer to
densify the silicon oxide layer, and the step of forming
the pair of semiconductor regions includes introducing
impurity ions into the semiconductor substrate, and wherein
said depositing and baking are performed prior to the
introduction of impurity ions. .

21. The method according to claim 17, wherein the step of
forming the second insulating layer includes deposition of
material for forming the second insulating layer and baking
fbr densification thereof, and is performed prior to the
step of forming the pair of semiconductor regions,
including introduction of impurity ions into the
semiconductor substrate, whereby the extent of diffuéion of
the impurity ions to a region of the semiconductor

substrate beneath the conductive layers is limited.



@11 to 13 of the acconpanying draw ngs.
_ -

1.

Y T A '

22. A method according to any one of claims 17 to 21,
wherein the step of forming the two semiconductor regioﬂs
is performed after the step of forming the_secbnd

insulating l'ayer”.

23. A method of producing a semiconductor device

substantially as any one herein described with reference to

Figs. 11 to 13 of the accompanying drawings.




