2207553 NONVOLATI LE SEM CONDUCTOR MEMCRY 1. Field of the Invention This
invention relates to a | ayered structure of gate insulating f|In1Iayers I n
a nonvol atile semiconductor 5 nenory. 2. Description of t Rel at ed Art
In the~past, the follow ng types of nonvglatile seniconduct 2@%563 have
been ‘kaown: an MNOS (netal - nitride-oxi de“sem conductor) type menory and an
MACS 10 (et al - al mi na- oxi NRNVRIATILR ISENTQONDUETOR INENORK I Ng spont aneous

el ectron traps (hsgghngﬁtehecakb?qtlghaps ) at the Interface between
different types of 1nsulati ; and a floating gate type menory using
the formation ofTéﬁﬁlﬂPUEaFlpateﬁﬂaaﬁsmEDl9 laperednsscuctyreanti ers 15
into the tr EﬁeoinshiathﬁétEE§m9§E§erEh§§e tKBﬁ%o@thﬁgoEbﬁicﬁﬁﬁu@tor
Fowﬂer-hﬁrd eimtunneling current or ‘a direct tunneling .current across

i nsul ati og PPPAEYformed oh a silicon substrate, and in order to enhance the
tunnel i ng pZobabDésty;pthen genehelkelaeealheta 20V or 20 nore voltage for
witing (erasing r d gase the wiiti era n voltage, in
the type using t%% FPs §5g§ %gelg PgégngYngn ?hg averé _thF types of

i nsul ati ng $emimonﬁtwtgrcmﬁspuwedhaver bdeveknhwnti bBm MNDSkimesadf a
silicon n'tﬁigfldéLHkQ&easﬂﬁheanﬁhcgbfﬁ'E ésméméﬁgogﬂdzén'ﬁX6é gate
|nsulat|ng | m _However, ow_ng to the _phghonmenon reem ssion of trapped
carrierd0 fr&ﬂ??ﬂe alming- PEide- §QFECPHQHF59thtYPPnﬂemﬁ§YdPﬁ#égence between

t he threshosponohhagas élebbgohlﬂﬁaﬁs whekemaaeeéreeainaa,"EBaP sig
Menory mnndoglgﬁs (e urt ection o Carrlers

the in
fromthe gat Bct? 85§§F8eg8583?§ Séggeﬁgnﬁ FEREPFt © %hénﬁHﬁBF}nﬂetentlon
chaf act eri sfitmsyi ahddat Eloat ahg gaﬁeaﬁypenmemesgrusmhgtthg feymativh at

the tinme of, feéPt?fic1thH§Eeh@§?m”%e%hg (eﬁg?h %ﬁé ghaggagg 2gL

suff|C|entIy been reduced nenDr as an
exanpl el ®f BEONFER (EBARSCOF vEhgaftoaking- gate»dthengutxpgs Ogenlconductor)

structure, héRobiesaGee0h PowibiCROr8héind€unneling current or a
direct tunneling current across 1nsulat1ng films formed

on a 5111con substrate, and in order to. enhance the
tunnellng probablllty, they generally require a 20V or
20 more voltage for wr1t1ng (erasing). 1In order to decrease
the writing (eras1ng) voltage, in the type using the traps
at the interface between'the different types of insulating
films, it is considered to reduce'the film thiCkness of
a silicon nitride film or alumina film which is a second
25 'layer gate insulating film. However, owing to the
phenomenon of reemission of trapped carriers from the
second 1ayer gate:insulating film, the difference between
the threshold voltages at the time of writing aﬁd'erasing,
that is, a memory window, is reduced, and furthermore, |
30 the injection of carriers from the gate electrode side
~occurs, and as a result the memory retention “
characteristics will deteriorate and an'unnecessary
writing may occur at the time of read-out. Thus, the
writing (erasing) voltage cannot sufficiently been reduced
35 so far. , _ ' h '_
On the other hand, in a memory as an example of a
CONIS (conductlve gate- ox1de nitride-insulator-
semlconductor) structure, the surface of a silicon nltrlde



-2- filmto be used as the second | ayer gate insulating filmof the MCS
type nenory is thermally oxidized to produce an MONOS

(metal - oxi de-ni tride-sem conductor) type, for exanple, Japanese Published
Unexam ned Patent -Application 5 No. 60-152187 by the applicants of the
present application, et al. In this type of nenory, a silicon oxide fbd/m
having a barrier height high enough to prevent the injection of carriers
fromthe §hl® EPcber 8edsiage the sespndedayvera datier dnsulating £iMsul ati ng

film thuaflgnerrﬁhbsgtybepaeﬁo@ye ils0 thRdHA 131 @8l 4 Sddudaating film
t hi ckness to 68&5 2Flet|anm and to.,reduce the witing (erasing)_ voltage to
v

10V or | e88 M ﬁ’@?ﬂﬂ@rW%Q5§Q5ﬂ&§WmCQH§H5§ b YRSye £H%si ng speed
i s al waysesampie,sdepankesei Padllished Uhekamined |me&nse¢p1amhﬁ:mrs fact

prevents flle 84318 OMY RALCINT IS e IBSRGRLe i The NONOS type

menory-using a sificon 5s6q of excess silicon
for the sepnhdcaayen.g&teaﬂnsuﬂat¢h98f¢Wmﬁ pﬁbm&marxn/ar&;kﬂqnncants 20

of the prssi@as 2PRh HaViAY aChaPrikloRRNeHR WG HalEPriRAd cation

No. 60-152187), nenory refenti-on. characterlstlcs have “been | nmproved, but
measures EBej hBABSEAOPhefcCATIAGTEHEEO™ AR Fates Fhachrads y”d’éan taken. 25

In order i pﬁeveaea hbeaelthihrﬂg 1sgeed,gatte bi@sulatfing et 1) qimeésses of the

gate | suI eci al t he thick ess of the t unn i nsul ati ng
Pr1m by p8k B, b Posaghiterd mhaddds g SRS dasie StiKingle rarory

retenti onfmmmrahneknessctowalrbuhd asx am @mnak e:cb 313:ddge g&heewarigeiriginnel i ng
ef fect. g? $g§t5§¥E@EI Qv Tl q@ggn of the present inventionis to
[

provi de a nonvo e se onduct or nmenory in which the aforenentioned v/
def ects have bHewevewevda gighepe MNOSsitypes®r JPNQS Hapeediheaaccel erated to

~the level ephisihg %ébangssaq%yw Ishewers dehidriaal RAndye ﬂ’ﬂ%ﬁprﬂhé etention

charagteristics Is to t‘he present i‘nyenti on
15 wr&tgng speed and tils R

fact prevents t e system from
1ncrea51ng the entlre speed. _

In the MONOS type memory using a 5111con nltrlde
film unlformly composed of excess s111con for the second
layer gate 1nsulat1ng fllm, proposed by the appllcants,

20 of the present appllcatlon, et al (Japanese Unexamlned '
'Patent Appllcatlon No. 60-152187), memory retentlon'
charac-arlst;cs have been 1mproved but measures to
increase the erasing speed have not sufficiently been
taken. ' | ' | _ ﬂ_ )

25 In order to increase the erasing speed' to be brief | o’
the thlcknesses of the gate 1nsu1at1ng fllms, especlally. '
the thlckness of the tunnel 1nsu1at1ng film may be
reduced. However, this 1s not prefereable because the
memory retentlon characterlstlcs will be deterlorated

30 by a reverse tunnellng effect. '

' SUMMARY OF THE INVENTION

The object of the present 1nvent10n is to prov1de
a nonvolatlle semlconductor memory 1n whlch the ' _
aforementloned defects have been removed and the eras1ng

35 speed has been accelerated to the level of the wrltlng
speed w1thout sacr1f1c1ng the memory retentlon
characterlstlcs. That is to say. the present 1nventlon

S prov1des a gate insulating film structure which



provides a gate insulating filmstructure which - -3- contributes greatly
to an increase in the erasing speed and which is an inprovenent upon the
knvention of the above- nmentioned Japanese Unexanlned Pat ent Application
No. 60« 152187 made by the sdme applicants, et al .“concerning a 5 MONCS
menmorjusing a silicon nitride filmuniformy haV|ng a conposition of
sonewhat excess S|I|con for the second +ager gate insulating film in which
menory retention gﬁa teristic f have been i roved According to

the. present i rioRRET LRUteRePESRELY, B9i aBJingreas the perawing sneed and
sem conductor wheixhyisoapr impngvementaapeh tnéniﬁﬁeﬁtﬂbﬁoéﬁuﬁi@raﬁcﬁge-ﬂn

b C tu
Thsutati ng 11 IPELEAEN07RBARA0 biledaRihed e binf RIDELES fon dia ST, | e
substrate, sai¥P4iSnheprads bynSheasang #Pphﬂ-tp@mﬁttehgal;hacgmem}ntg ion; a

silicon nitgi deoNos nihéﬁoﬁ?duéﬁnél segoNdcbASHi 8Fidd £11M @Fi G H-I}#\Fin
g on

fil d | at
he st 1§ fan nid 5 a5er R0 Rk aheulat oEen e ETLSoR oF o L SaRRR || con

oxide film 20Layerdgatei ipsubatingefilhm imvisnjch sempopi tetentigse to a
st oi chi onet ri G é*?@TQ£‘L€iﬁ¥ Rhvé PaLK! EH? gan interface with said
m and OSTTIO

tunnel insul ating aV|3g%a co n of excess silicon in a
portion of a regi orPBEPFERATSEP ?0P€ﬁ$%ﬂﬁtbﬁV%%FH@npd¥¥$nm i# provided

silicon 2&0Iﬂdruakoéltypénﬂoﬂﬁolﬂtﬂléa§§m£§6ﬁdﬁﬁtéﬁaﬁéﬂ$ry“é&hﬁ?ﬂé& ydigon

de fil T b it sem conductor Strate
ond o so can Rl FEnfRD donfeoniietel riui dR heFHe R (sotrca andrhi o
‘cbanection, ifdnaien coepbensi bm afsuhfase| oLon substrieté; |an mames eit her
gradually Orlﬂhguléﬁiﬁé ff@msfgﬂﬁﬁan°ﬁt$ﬁﬂ%§§ht.on t%ﬁ?ﬁ ?Ct of the

present invention can accCo S no speci al

linitation onﬁﬁﬂ%?RﬂEE&F?¥dﬁe iRcthe sbSErave: saidumngl of the
silicon nits i dasilatifdefdindsefnitring fchidlge-injection; a silicen

nitride film formed as a second insulating film on said
tunnel insﬁlating film; a silicon oxide film formed as a
third insulating film on the silicon nitride film; and a
conductive electrode formed on said silicon oxide film; _
20 said silicon nitride film having a composition Close to a

stoichiometric value of Si;N, at a portion near an interface
with said tunnel insulatinq film and having a composition
of excess silicon in a portion of a region - .

. between said stoichiometer value portion of said 511icon

~ - 25 nitride film and an interface portion thereof with said
s;licon oxide film. | '

' The substrate can be either P or n type semiconductor
substrate and also can be of semiconductor film on
1nsulator type.

.30 In this connection, if the composition of the s111con
nitride £ilm varies either gradually or in at least two
'steps in stepwise way, the object of the present invention
can be accomplished. In addition, there is no special :
limitation on the composition near the oxide £film at the

35 top of the silicon nitride film (the oxide film is formed
as the third insulating film)



,|nsulat|n8 -

substrate 35 it

as the third insulating film. -4- BRI EF DESCRI PTI ON, OF THE DRAW NGS
FIG 1 is a sectional view of the structure of the present invention which
has been applied to a field-effect transistor; FI.GS 2A, 2B, 2C and 2D are
schematic views 5 illustrating structures of theé present invention in band
diagram FIG 3 is a graph for showi ng4trhe rel ati on between a refractiwez

index and a flow rate gatree PESVRIPPICNCOF THEGDRAWINGS graph for conparing
the witing and_erasing characteristics of the structure of 10 present

i nvention wit hFZfosd &f BhE&SHIPRRY yiew of Jdve, SEnRatHy
silicon npkésdatf HLhetltaon mmw&:ascrumtapplmnmla |m1d=4ecfféi:u s a

band dlagranlo t o t h

in FIG 2RX3ps &ﬁ%°€vk§§%$ ”?g?e g%e pIS &P%&%g%4§§§é§§ é%#aﬁhefiromn
conpar Bngihjastretisg stpucifurese qfr e:stmtprleam |vaemd-qme1mdmmht i onal
exampl e a388-Ehe Fid.S 4 gr%m&rfa% , GYPUHAAAR TS AN PN

characterls cS Of "fhé preésent tion an convent| onal exanpl e.
DETAI LED DES@R?PTBCNe@rEHﬂEVPREFmNEBm]MH\FF@tﬂ) ratio qhe of the

enbodi nenkg_ge4ar 8hNg Fed.Ne ARCSERjragh E¥d Wongasi e wiitidg FIG 1

shows a fi eBd- ef?ec? transi stor, fabric b rovidin gSour ce and d
i mpuri ty PBEi 658siRY FhaXASterdst G O%[ %S'Fezsé% ?qu €in an n- ty[)zII "

silicao 2presehst iaventdbn &nthlthysawdﬂxthﬁsconﬂ&ntmdnélnsnrqpture
sen conduct orp %&%Q\Mﬁaﬁd%lﬁ%& qlq_q__rs_‘]L&*eceﬁ%ﬁ/eé %é)rtrga are a tunnel

Fisés a Silicon oxi I ' mabout 2.8 nmin
t hi ckness sta:.slhlllowrtmlct IQOG@OfSlJJtmOIOG FISsii iisorp d)@l'!ﬂa diagrayPHr oduced by -

thermllyy %%8 memrfw%r'ydsls%wﬂavmg N siherganductive N

el ectrode I ch conprises polysilicaon, and after a hoxoetchlng
process, AhoMRpdn FfG-apdy aty Fheytdme P ik s SUASE °Pﬁ'?'£e)a Yhhel forming

sem coBdugler. . rseglsora QRiaphe fors Wongear ity tHywtefedie mspsomﬂuuwr
seni 1nvent10n and the conventional example- and FIG. 7
is a graph for comparlng memory retentlon characterlstlcs
of the present invention and the conventlonal example.
DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS
20 "One of the embodlments accordlng to the present o
invention is shown 'in FIG. 1. ' '
FIG. 1 shows a field-effect transistor:fabricated
by providing n' source and drain 1mpur1ty reglons in the
structure of the present 1nventlon. In an n-type 51llcon

25 substrate 101, a p region 102 as a channel formlng _ Q;

semlconductor reglon 'is made, and then succe551vely formed
are a tunnel. 1nsu1at1ng fllm 105 Wthh comprlses a silicon
oxide f11m about 2.8 nm in thlckness- a S111con nltrlde
_ film 106; a 5111con oxide film 107 produced by thermally '
30 oxidizing the silicon nitride film 106- and a conductlve n
electrode 108 wh1ch comprlses poly5111con, and after a )
photoetchlng process, n 1mpur1ty layers 103 and 104 are
formed. The channel formlng semlconductor reglon can
be a surface portlon of the semlconductor substrate
35 itself. _
' In FIGS. 2A and 2B, the structures of the present
invention are schematlcally shown in band dlagram. In
figure 2, the numerals above each of the band diagrams
correspond to the channel forming semiconductor region,

s



In FIGS. 2A and 2B, the structures of the present invention are

schematical |y shomn in band diagram In figure 2, the nunerals above each
of the band di agramns ‘correspond to the channel forn1ng sem conduct or
regiom. - -5- the tunnel insulating f||§1105 the silicon nitride film
106, ~the silicon oxide film 107 and the Tonductive el ectrode 108,

respecti vel yhe| huprh€l 2nsullatingefihmniBb,f bhei agléeoncontudtier fidgi on 102,
the bandgap; §g, “¢fie 1 s?chénfgkéhaef}ﬂﬂn§b7'EﬁﬁlEhéngoBHhGElgg and the

thermal |y oxidized_silicon oxi g V, respectively; and
for the porei®RtBEPAEnL08;| FesReRELVRAE-fi Em TH6-hadin§OE EBAPEBARPEA cl ose

to the StOIEhtﬁﬂﬁQFSQmiabﬂ&uaeaf tbg 1bunmeh laﬁulahhagablh 103 .andvthe
portion Fﬁ stllcog nltr? g fllghi V|na g CO£BOSIt gn close to
t he st oi ¢ VAPBE n&RPYLAREIPHe xPBP EReSEPREBALSYi de film
107, Eg is abn@izéd1se&1coespa¢devéhym A97Lthcenp09iéVon becones excess

| silicon, t ec S a Loagh t of the
band 15 gagg%$3Q ?g§%9 8H§ fé é ?gr?E bgﬁdgg?rgé Egékoﬁléggﬁ silicon
nitride f||ﬁ11@6106hbaﬁén9|@ncgmpassﬁapn pindgapor theestpishiompkréon

nitride flIaabaalﬁsaantséCE§ﬁnéulhﬁgﬁlseﬁﬁgsranﬁnaosoaﬁareﬁewbbbtabﬁ
portion of a_l citri¢ constant of silicon Lerr

i s about94 %ﬂdgggaflgfchlP&Bﬁlﬁ?t?Fa@ ?8 PaV%ngbﬁuF°Tp°sA§19PIF&Sﬁ
becones excecsth{;es*cblbhmomes:hargaluénneaﬂethéOtmkaautng bamdnéaucture of

the sili G .2 h I
vagofldggggl #%%6%2?% ég1%ggm?§ Eétmgeﬁb?ﬁg P m/ratge§¥e§tglggkca
materi al gasAsutheasonpqssthanebgeom?soexdeehlanénbane Eber panddgape fl ow
rate of amm@e:amésrgﬁlau ¥ﬁa' ?pr&géﬁeésFot EBOLLOW iagg gk kﬁér Pa made

sufficiently higher than the fTowrate o e silicon 30 material gas such
as [err}Sor93Rr?f shdafoBoth the tunnel insulating film 105 and the silicon

oxide film 107 tonpfogduee 2acinCeRROBahEOBtEhLEEArkOoEhBathOkEhi@BRIiC .
nitride film 106, the portion of a small bandgap
represents a silicon nitride film having an excess silicon
composition, compared with the portion of a large bandgap.

20 The dielectric constant of silicon e, is about 4 and

Si
that of silicon nitride €giN is about 7. As silicon

becomes excess, € becomes large.

In order to iage the band structure of the 5111con

nitride film 106 as in FIG. 2A, for example, by a chemical °

25 vapor deposition method, the ratio between the flow rate

' of a s;llcon material gas such as monosilane (SlH ) or
dichlorsilane (SlHZClz) and the flow rate of ammonia (NH )
is var;ed- that is, the flow rate of NH3 is made
sufficiently higher than the flow rate of the silicon

30 material gas such as SiH4 or SiH2C12, near both the tunnel
insulating film 105 and the silicon oxide film 107 to
produce each composition close to the stoichiometric
value. And near the middle of the film thickness, the
flow rate of_NH3 may be reduced than the flow rate of

35 the composition of the material gas such as SiH, or
SiH2C12,_or the reaction temperature may be lowered so
as to produce excess silicon, where the terms “"the
composition close to the stoichiometric value" and “the



val ue. And near the nmiddle of the filmthickness, the flow rate 'of [err]
may be reduced than the flow rate of 35 the conposition of the nmaterial gas
such as [err] or [err], or the reaction tenperature may be |l owered so as to
- produce excess silicon, where the terns _"the conposition close to the |
stoichionetric value" and "the - 6- Céﬁp05|t|on of excess silicon" skha

rel ative Q&ﬁﬂg§éitﬂ@§ aﬁdeﬁ@esstsmssaaﬁargh&waewaebsel@b&paﬁsilohﬁ ot her
wor ds, the ¢ 05|t{on ratio ¢ Slg con, of _.the silicon_nitride film 106 is

reduced at3?La9? BPT(RECPAPRFLL¥eSB0W,APROLAES BRRE | ABUPA®Rg film 105,
conpar ed wiéids hathe@eeompbeitiddl eadhot b Billdcohi ofneke sfilikensi|icon

nitride fIALI0 ASA: 18 9L UELahBLARKE (08SP! LCORSNhERggaLE m 106 i nto

t he band ure as s e tunnel i nsu Flng film
105, the thWhlﬁh$at@n@¢1[en$Plﬁ§lngcfeA@e&OémoGQMPbcydnulthethh¢m1rate of

[err] or [gddd, tR@0nidglet 8 £heVeithetRickRbsl bE @ﬁ%rﬁiiﬁéontherEby

controlling the flowrate so as to forma filmof_excess silicon. I.n FlGS.
oA and 2B DNEREHS AR 106+ urBLeP. ( hB 95deT; EP BAkR| thedsidicAnios is

gL adual lhy VRE T Dde bﬂ%mayobemab; tHeSbanpyi sgra&tuathGSshaan apd 2D. FIG 3
shows t he at n bet we arefractrLve ex rati.-o

o IR Ao e B REpLoEhe Pehfhe R ihsirpR TR, 2R lpnabbs, e b8 Zikke (he 11 ow
rate of0[erage 26f (Bigoibs ajnaneased éh’owghabeyohd[ €he] £ldivc hrlathles oifane) -
varied (0 $pi g 4l e1l | Cananthehoent! ERIORAkE! BE M tlg present

i nventi on. e range o stolchi ometric cénpositions
representsdQ¢ﬁ§¢%£ﬂcw¢ 9F%h¥cﬁ°?h§°i&%ﬂ6 bbenédavwt Ratel 6@ A&t &0of [err] and

‘the fl ow rgddm 28 fpim[gfréxtésé 85i1iBbAR. and the range of excess silicon

conpositions re res nin ch the flow rat iois 0.1 or
Iegg As it is %I%ﬁ? $gbgraﬁﬁc QnFeFF£BF V§e|H§e§%§hom5 a

t endenty tsnIEnmmmnimr&ﬂe ﬂ&lmhmoanmsngraﬂuallycvarnedreasemayAbbhough not
shomm 30 LJE§{Q§ §¥é§¢&sétass Sxpf&gnegéalgxdpﬁsved ‘that the
FIG. 3 shows the relation between a refractive index

and a flow'rate ratio (logarithmic scale between'NH3 and
SiH2C12) when the ratio between the flow rate of NH3

20 (ammonia) and*the flow rate of"SiHZCl2 (dichlorsilane) -
is varied in forming the silicon nitride film 106 (SiNk)-
of the present invention. In this graph, the range of
stoichiometric'compositions represents'the'region in which
the ratio between the flow rate of NH3 and the flow rate

25 of SlH2C12 is 5 or more, and the range of eXCess silicon 'r W/
compositions represents the region: in which ‘the flow rate
ratio is 0.1 or less. As it is clear from this graph,
the refractive index shows a tendency to become higher
as the amount of silicon increases. Although not shown

30 in this graph, it is experlmentally proved that the
bandgap of silicon nitride is about 5.1 eV at the
stoichiometric composition region and decreases as the
stoichiometric composition becomes the excéss silicon’
composition. Also the dielectric constant is about 7

35 at the stoichiometric composition region and increases
as silicon becqmes‘exéess. The structures of FIGS. 2A,
2B, 2C and 2D of the present invention have been
fabricated on the basis of such experimental data. The-
writing and erasing eharacteristics of the nonvolatile

40 memories thus produced are shown in FIG. 4.



bandgap of silicon nitride is about 5.1 eV at the stoichionetric
conposition region and decreases as the §t0|ch|onetr|c conposi tion becones
the excess silicon conposition. Also the'dielectric constant is about 7 35
at the..stoichionetric conposition region and i ncr éases as silicon becones
exces&c The st rBEGurésshows| B8e RALt2Bg aﬁﬂaedaﬁthgfchbeapteSEStlcavent|on

have been fgprigatgdcRENhLE ?ﬁbﬁe %%éuEPm§§?e££gggigkogaB§ H,1“1'hga¥lv(r,1|t|ng

and erasing characterlstlcs 0 Menori es ds produced
are shown i ft¥ypefune shown im BIG4 3Aowandhthes relatiandbetwepngthe

characterlSWrislﬂé/éhasﬂnghaﬂﬂel(Lﬁbﬁﬁatuﬂfcnsaala)téﬁastﬁ50£h9éshbﬁdba”d

- structure sho gct Aﬁ F on between the witing/erasing-
time (I oy afY?ﬂﬂ?%es% he ﬁaPﬁés ﬂ?esﬂB?B BhQOVFébénSfV?ﬁEaﬁ?aﬁ§lstor
when the w+3V napdotbegerasing\Wwaltiagbeigr asvng Byl tegpat $sofi\witBy

conpari son g a eLLSLEC of the conventiona
n- channel d@%&?*tﬁaxﬁnéﬁ& e?%%%§§ %hggﬁé?%ﬁf§£ ﬁ?fé#n?%%np05|t|on silicon
nitride f|I¢ﬁ%¥%ﬂ%ﬂ@@ﬂlh@-QUasnﬁch¢%©%ttYBecmamosyttnanSi@torhesmngt|ng
time requirgdyd P SRANSSMPHSLE N6ESHPY oyl b L1 AN! Ph&reﬂ%éesg §ﬁée“t

depletion state (M h: mnus) to an, enhancenment state as vi ewed
from chi® actErTeRiometpic ?éﬂﬂ%&ltﬁﬁ?h 12 E?etﬂélb%ﬂﬂrtmeSEQEVaFe

n1||||s§conus @K&h@@ﬁﬁh@otﬂﬁesﬂgideT@Dﬁ&ge%ngﬁ)f@foﬁh& Q?ﬁﬁieﬂeﬁtnﬁ
required t e the vol t age, (Vi ma sufficie
enﬂancenent Rion 5 %g Q??%n %T%Y%g é ??%M?%gafﬁifﬁrfgtpcs 403
and 404, trniushmsastwnewédtfmomomwenacbﬂaisticmctmleamdke82nnbethhan 100
A | secondaenevtw&ékr@raé "6t SA&¥eL0L HEL1014080RAL UGHAIM flaRECRG I NG Lo the

present invention takes on | seconds Or nore an us nakes it
possi bl b t ALEFfRKPRGR 1 H@%%sﬁ?@ the Rr 39 tog | {ime| xeqeired atoanbianygeagr am of

t he MONOS rﬁimrﬂmﬁésmswtx%nr@gé ngviRE ﬁfé:ﬂ%%@f@kfé& gt‘fhéﬁcéﬁ@nt' me 25

of erase o | The siljcon nitride fi ho 5 has a |l arge
trap annunf%gﬁﬁl rﬁ%pi'%%qnlst e, as v1ewed %wpm characterlstlcs 9

403 and 404, the transistor of the conventional structure
takes more than 100 milliseconds, while the tranmsistor
20 using the structure accordlng to the present invention
takes only 10 milliseconds or more and thus makes it
p0551b1e to speed up the erasing speed greatly.
FIG. 5 is a band diagram of the MONOS memory
transistor'haVing the structure of FIG. 2A at the time
25 of erase operation. The silicon nitride'film shown in
U FIG. 5 has a large trap amount:and a high dielectric
' constant compared to the conventional 5111con nitride
film. _ '
The effective thickness of the silicon nitride film
30 of the present invention is expressed as the value of
the film thickness converted to that of 8102 as follows-
Assumlng that the dielectric constant of silicon
nitride is €SiNx (é 7 for stoichiometric composition),
the dielectric constant of silicon dioxide is €5i0
35 (= 3. 9), the film thlckness of silicon nitride is %
and the fllm thickness of silicon nitride converted to
that of 5102 is t, the follow1ng equatlon is obtained:

t = ®sio, * tox /€sinx



constant conpared to the conventional silicon nitride film The’effective
thi ckness of the silicon nitride film30 of the present invention is
expressed as the value of the filmthickness converted to that of ‘ferr] as
follows: Assum ng that the dielectric constant of silicon nitride is [err]
(= 7 for stoichionetric conposition), t%® dielectric constant of siliceor
dioxide is [err] 35 (= 3.9), the filmthickness of silicon nitride is and
the film tshi‘nden%(ﬁjﬂﬁ)fissuém, Nthe | SIEf €OPVeE t ETIMOthD8knoés[6£r] is t, the
foll owi ng equati ohls.obtaj ned: %ERR} "~ -8--Since [err]-is large, the
effective 5} ﬁﬁ%ﬁn%ﬁ&ﬁ%;e;ﬁsgﬁw?, h.nitride is small. Therefore, although
the filmthickiesmsfafe i relthowgh gohe £fihbml thicknésses (ofinhké Eisstating

the film et agie | (mlhosgh e £ bul thicknésses satat i ng
the 1m0 SR W AT At Bag?, [is LSk LAY 400, R i ae T he

second Yyattd iz gahe rpgylating rktlm oS il ieorgxidelicang wnehanged, _
e v T c A 3 L koo i, cofeastiomncin L
Vol t age Qs YARE GRS SEA9R0Pdt Lonat ST EbtoniaosedREetne gt e
el ectrode théfetjyhereimsimy tipeetbtalremsisabestugaté hénsulatihgckness of
el ectr ¢ it TLdadlEo T e C8 el T nsul ating f11m 105 is increased
accordidngly. @&s chawe, in khigifignrepcdkien|adporentiabsdiffierence,
dependence 4f, tdie 1 g Pess! LROTet il 4o npeleageUhakosy Ehbm thi ckness
Is smal|l conpared to the 20 dependence of the erasing speed upon the Co
‘tunnel imﬁHQQHQﬁ;ﬁquﬁqgﬂﬁﬁﬁkﬁ&?@ﬂﬁF??uEﬁQ%ﬁﬂi%Q?e%%&.?ﬁetﬁétﬁwiting speedw’
is not so1BrcHY A0, e Idrdehng dpeddeiftrSadds SPEEJusE! €heb Shows
nysterest ¢ goRh hldis WP AE L £ JBIE e Plad s PANdosYLEELY EoSNOWN 10
' 15 that of SiO2 is reduced, andlthe'eleCt:ic field §ssign§d
to the tunnel insulating film 105 is increased '
accordihgly.1 Qf'¢0utse, fhe_wrifing speed also ihcréases,
but the dependeﬁce of the writing speed upon the funnel
insulating.film thiCkﬁess is small compared to the_._ |
20 dependéncé.of fhé eraéihg'speéd_upgn the tunhel_inéulafing
film thickness'éhd tﬁﬁs_the incréaSe'ih_;he wfiting Speed
is not so reﬁérkéblé aé thé iﬁcréaSe in the_erésing“speed.
FIG. 6 shows hysteresis loops of the nonvolatile
memory of thé'band_structurépshown'in FIG. 2A énd'the _
25 memory of the conﬁentibnalHStfucﬁure.._Making a compériéon
between the hysteresis loop 601 of thg memory. according
to the present invéntion and the hysﬁeresis loop 602 of
the membryJof'the banentiphalIStfucture;'the present
invention increases a'so—célléd memory window Qiﬁth (width
30 of iﬁfdrmétibn'béfwéen "1* and "o"). Thi;lis becaﬁSe
the use of the silicon nitride £ilm compoéed of'éxcess
silicon increases the amount of memory trapsf(ﬁfap_.
density). = . S
In addition} the uSe of:the,structure a?cbxding_to._
35 the present invention increases the memory retention
_characteristics of electric charges.



25 nmenory of the conventional structure. Making a conparison between the
hysteresis | oop 601 of ‘the menory according to. the present invention and
the hysteresis |oop 602 of the menory of the conventional structure, the
present. i nvention increases:a:so-called menory wi ndew wi dth (wdth 30 of
i nforRation between "1" and "0"). This 9% because the-use of the silicon

nitride filmco f [ e nor
mesed ofs ?&.t ﬁ‘d n GO, %I%ﬁ%%fd‘ P Gy y

traps (trap density). In the use of e “structure according to 35

the present POF@&fiadn sy nedr fdfomidddecnf dhe Hdrat ttdridiness of

el ectr !_Cl ChaM'aﬁ.‘a‘eover -19:5 Qﬁaﬁeinﬂfalchﬁl fﬂ@@dﬁ'c’@e;ﬁ&lﬁiﬁ tﬁichlﬁarééB?_ trap
potential is _|qQwest, near t t m t.hi.ckness. ver its

pot enti al gphured, near, atmlt ecr?frgtggecéﬂt%tghlqﬁ‘é’rﬁs le of the
filmthi Gknawedctmdihds sithieedro stubs taidtiec A0S dhisie ddye r.‘bﬁ&:sede by reverse
tunnel i ng, |4 | Vi %gmggg £ r{.stics. FIG 7
shows a con%gﬁggn%et V\r?ei{al% tdr']l%ot X ry ré%éerﬁg% on%égﬁﬂ?gl:ltaé(’atrae tt%idcrg of the '
menory of tifhaFasterdstiasct ure shown in FIG 2A and those of the nmenory

of the conventi onalg.St7 WHoW a Boniddt ikth Hetwee s itHE e According to the
present invention, it i s noted that thefomir;no etentlon characteri-sstics
ft

can al so be F&MERTIOP FhRAFRGF S tL55H & iok ithe. hard 701 i s
gentler 105 sthartiire shown din Giw.aczperarﬁi |1mdser\df e nfdﬁtbr?;DZbﬂ s gentler

than 703. Inthe experigent ve sulatlng
film a sili con%r?%[ T %?"Q’l t['lté‘lr?ﬁj 101&”“}?’% ﬁs ocfogzh% rﬁo Igse to
the 20 st 0|as=|qaom¢emg d:qzchh@osmesmnt surj@p'(tsuqrad ito i® trmtcﬂd\é:shat)fthﬂoout 7
NRL then a frek,of r@ﬁ%%&&oﬂ 'dxfa%c(&e%@t csoléya 11%&1%0%% e 2

t hi ckness of abolt 3 nm [Tcon nitri err] = 10 ose to the

st oi chi onet PEC¥Sep s ﬁ%’ﬂ% Qfeﬁ'éﬁrta&iiecrd-sé’ddbtcurve 701 is gentler

15 than the slope of characteristic curve 702, and 704 is
gentler than 703. _ |
In the experiment of the above embodiment, on a
tunnel insulating film, a silicon nitride film
(NH3/SiH2C12'=-10 at 700°C and 0.4 mbar) close to the
20 stoichiometric composition is deposited to a thickness
of about 7 nm; then a film of excess silicon
(NH3/SiH2Cl2 = 0,01) is deposited to a thickness of about
3 nm; a silicon nitride film (NH3/SiH2Cl2 = 10) close
to the stoichiometric composition is deposited to about
U 25 7 mn ; and then the composed silicon nitride film is
thermally oxidized at 950°C to produce the silicon oxide
film, thus forming the memory structure. Alse, in a
series of experiments including the above embodiment,
for the formation of the silicon nitride f£ilm close to
30 the stoichiometric composition, it is preferable that
NH3/SiH2'Cl2 = 5 or more, and for the formation of the
silicon nitride film which seems to comprise excess
silicon, it is preferable that NH3/SiH2C12 = 0.1 or less.
In this connection, like the memory of the band
35 structure of the present invention as in FIG. 2B or 2D,
even if a silicon oxide film produced'by thermally
oxidizing silicon nitride film 106 composed of excess
silicon is used as the silicon oxide film 107, there is



25 7 mm; and then the conposed silicon nitride filmis thermalI'y oxidized
at [err] to produce the silicon oxide film thus formng the nenory
structure. Also, in a series of experifEds including the aboye -enbedinent,
for the formation of the silicon nitride filmclose to 30 the

st oi chi onenpi pogsapdditiyorf phni boﬁ-ﬁﬁ,eﬁ@@l @nt lediedtariidal= imsorlatoiron ar’u},r-
for the fOiga.L,hf@le&emsgsera 2N ?‘ﬁxtg?"e?%rfe' | PeMisCRoRRATL G ONPI i S

excess sillcon S .pr err] less. In this
connect i ondePPRétt REEAEABRELYF elREtEAR c@@rgﬁsr l?@ttlSPr &her siddganesent
i nvention AstrnaE! @11&5106 2BndewaBo fasa inl IF1GSN @A dad idon mreduced by

th |l di de fil.m 106 d .of |
oh LS SEERRELDE Bl BoRant havehif e P RRRSELSTS T St

hol es, and an elacthecaboiesembbdiment ,saf sidiieon xideh fillmeradourte, it is

possibl e 19, §oRRoLh, ERGLRRRAN! Kafl Uk et LTINS, Tt g 1 0
i nventi on Eaémbe Hpwevesd. OKﬁnﬂﬁﬁldgo@§QQﬂm§ﬁ leghtthermal iy @xigidizdand i | m

about 2.8 amcherhanch&%&a@ahliﬁﬁaruscﬁ‘éramtﬁe ﬁluemem%%ﬂ Hdiiee fi1m
However, oxynitrid Pﬁro uced hermal |y oxidizing a thernmal nitride film

or theiﬂalf&lﬁlFPPd §°aﬁr89u68 I@efﬁl§F65n95I§§epﬂﬁﬁiﬁ9qli?ﬁﬁq§&ﬁntﬁ t he
present investfes. the kalicba dxideoidw,dect lolyndly awhernyld t her mal.

d f of the s de. fi | m,106 but al
Gopos ted PRERKERYRAnEEn o HiEA R BEREARRLICE, AR HAdee TR ORE be used.

Al so, althbigm 186abptl yé.sbl aoﬂepmsn-tﬁdl hirds by lm%'dicais sugforfuct i ve

electrode cReliEbal LhpBi-Ohed 054G ik e e, | 1B dﬁﬁﬁﬂel and /-

needl ess to saX resen Invention is applicable to
transi $5or2 RS HEhﬂ-FGﬁédtBBGvéllﬂh hagnpgens isel @F he ‘L‘Eﬁ%t i 'onal

exanpl e, t8ge8e8¥8ELY! bl RetAY €3NHUGIOMR Wwﬁt&@feors(ilﬁgzitdé tHinpr esent
I nvention ets a er _er.asi ng.speed and _ bet menory retention
char act eri ?VCE ?ﬁgg, and neegle o say, t e present invention:

is applicable. to a p-channel transistor.:

As mentibned above, in comparison with the
20 conventional example, the nonvolatile semiconductor memory

according to the present invention gets a higher erasing )

speed and better memory retention characteristics. That

is to say, in the nonvolatile semiconductor memory, the

high—speed'and the long life have been realized.

4



is to say, in the nonvolatile sem conductor -nenory, the high speed and the
long |ife have been reali zed. -11-- CLAI MBS 1. A MONGS thIIr"m Iﬂmlﬁlll
sem conduct or nenory conprising: a channel form ng senicond m

bet ween source and drain regions in a surface of a substrate! a*5*"'tdnnél *
i nsuFagi ng filmformed on said channel gﬁn1ng sem conductor region in the
substrate, said tunnel insulating film pérnitting:charge-injection; a
silicon nitride filmformed:as a second insulating filmon said tunnel
insulating filQLAZMS |icon oxide filmforned as a 10 third insulating film
on the silicon nitride film and a conductive el ectrode fornmed on said.

sil'icon oxide film said silicon nitride film having a conposition close to
a stoichionetrte vaPudONOS &yPp nenyojertdilen sewiconduckber emeryi t h' sai d

t unnel InSU|attﬂﬂpfhsﬁh@ﬂdah%%hﬂﬁei Qﬁﬁﬁﬁﬁbtsgﬁlégndﬁét3§cgﬁﬁlé? b&EﬁehH a

portion of a region bet st.oi chi,ongétric value portio
silicon n|tr|d% MR AR gggﬁﬁlﬁtgﬁgéegspéptFoﬁuFﬁéFéonwFtﬁugﬁFHaE?FlEon

~oxide filmS2. tunfted WONO3atipg Gddmolfarmed sansa&dduhhﬁheﬂeﬂﬁfulﬂg
according 1o Cch@hibondfidhdynreieonoih Metbublidath) | 6Q8aTLERAE T11

havi ng a conposition cl ose St o chi Ometric valué Ed y chemi cal
vapor deposi t i bRSEREIBLENGN fidPc RernitSdngachargerédndeckdeny a sidicanre, and

&Ee Eort;ﬁn hamitgldfcaﬁnﬂsEbrﬁEdoége?Ce&&o&a|hﬁeﬁlhﬁlherﬁﬁﬂmbanzéagaD in
ich aflowr or

nonvol atile séﬁ%@%% ut or aE?B fé%?or8|ﬁ¢5%8°8|8fﬁ9f gﬁlﬁ &ﬁﬁ?ﬁgna?hé
portion haangtb;E@nposuﬂBGRnsffelmega thblsmﬁlcenfnmtzddeeailmheanﬁddle of
sald silicon nitebfgubklife §Qec€rodeT96rNEEF§Et%ﬁganQiﬁhgk' ide £i

seni conduct or nennrg .agcordi ng to claim 1 1980t ha ng a
‘conposi tion ofS3%e8ilirrncBitridefida HéXFRSancPﬁppathQElﬁ%?ﬂg £Pl m

stoichiometric value of SijN, at a portion near an interface
with seid tunnel insulating film and having a.compositioh

15 of excess silicon in a portion of a region
between said stoichiometric value portion of said silicon
nitride f£ilm and an interface portlon thereof with said
silicon oxide £ilm.

2. The MONOS type nonvolatile semlconductor memory

20 according to claim 1 whereln the portion of said silicon
nitride f£ilm having a composition close to a stoichiometric
value is formed by chemical vepor deposition (CVD).inﬁwhich
a flow rate ratio of NH3/SiH,Cl; = 5 or more, and the
portlon hav1ng a composition of excess silicon is formed by

25 CVD in which a flow rate ratio of NH3/8132c12 = 0.1 or less.
3. The MONOS type nonvolatile semiconductor memory
according to claim 1 or 2 wherein the portion having a
composition of excess silicon is formed near the middle of
said silicon nitride film. _

30 4. The MONOS type nonvolatile semiconductor memory
according to claim 1 or 2 wherein the portion having a
composition of excess silicon is formed near said third
insulating film.




ype nonvol atile sem conductor nenory according to
MI mlﬂ I‘e portlon of the filmbetween the portion having a
to a stoichionetric value and the portion having -a-: .~
corrp05|t|on 5° of excess silicon is forned by varying gradually the flow
rate ratio of [err]. 6.. The MONCS typeizonvol atil e sem conduct or rrermrw

according Lo cl I n the rt|Q of the fil mbetween the portion
having a ¢ npos?#Foﬁ @ggngPS 3° q@hﬁﬁﬂ%ﬁqq§qﬁQQEé"EW@rﬂhe portion
havi ng a caocpordingntof céadmss3 szlhletrecih ithel poieddny dfart)riemflsﬂneepldy t he
flowrate f r m .nanvol atil e sem conduct or
menory accﬁ ?%ggtghg éhrtibﬁhg;gﬁn Re p%% &ﬁﬁﬂn S5 B bet ween the
porti on ha$tegchiesapsict veduel end tbeapsmmuonl@mmmng:audqmpqautﬂdma

por ti ons hayt Ngx8e 68893 ELAN 181 FBEMBES
gradual ly the }f{ | ow, rat e ratlcl)gof g‘rg b§l vamﬁgs!ﬁéﬁ e. nonvcﬁ atile

sem conduc¥3te nERbi9 96 NHgdSilHpR zto claim4 wherein the portion of the:
filmbetween t hBheOMONOS . Bgpenaonvedapalet semitbdBctdra niedrghi ONetri c

I d h t f N formed by
xgr;?ngnstéegg ng"ﬁllgog? 3 Inﬁe rg?.”%%i]'n If: nr?mrg)é%%;,%_ |1"“}"Ir‘|"equl & MHYoS type
'nonvolatlIbet@aenohhecportuennhyvanbsaanbmpbbﬁtasnhemdsm des@ i bed with
referefge {0 20K anettitsthahedahl EhaUpeEtichonavihd e c%%%@%%n“g

dr awi ngs. \
of excess silicon is formed by varylng steeply the flow

rate ratio of NH. /51H2C12 ' S o QJ
- 7. The MONOS type nonvolatile semiconductor memory _
according_to claim 4 wherein the portion of the film’

15 between the portion having a composition close to a
stoichiometric value and the portion having a Composition
of excess silicon is formed by varylng gradually the flow
rate ratio of NH /SlHZCl2
8. ° The MONOS type nonvolatile semlconductor memory

20 according to claim 4 wherein the portlon of the film -
between the portion havihg a composition close to a
Stoichiometric7velﬁe and the portionlhaving a composition
of ‘excess 5111con is formed by varylng steeply the flow

rate ratlo of NH /51H C1l

2 2

25 9. The MONOS' type nonvolatlle semlconductor memory o/

substantlally as hereln described w1th reference to and
as lllustrated 1n Figures 1 to 7 of the accompanylng
draw1ngs. '




