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A THREE- DI MENSI ONAL CONTACTLESS NON- VOLATI'LE MEMORY CELL AND PI@%@%@
FABRI CATI NG THE SAME FI ELD OF THE | NVENTI ON 5 The i'nvention rel ates
to the field of sem conductor nenory devices enpl oyi ng fl oating gat es and

eenierese” o TSR oIS LORACE

electrically charg&E . ! =X : :
cells enpl oy polysilicon floatlng gates mhlch are conpletely surrounded by
i nsulation (e.g. i¥$%9?$§gjgﬁ%§$¥£¥§ﬂ§ﬁf gates are electrically charged by
el ect fon transfer ough a variety of nechani sns such
as aalanche i Bj ecti onThd mventicarwetites 1 the fiolIof seHOABLAE: mBindry déVicdsr esence
or absence of this charge represents a stored, binary |nfornat|on An early
exanpl e of such aempleying fleation @ates and the progessesandumett®ds ¢, fabiiatiap e

cat egory of sen1c&£duc ot floating gate nenory devices are both
electrically prog Vieind electrically erasable (EEPROVs). Such 20 a
device is shown in U S. Patent No. 4,203,158. These cells are
.characterized by a substrate reglon |nclud|ng source and drain regions

whi ch define a chiAf R : DMNibove this channel is a

floating gat e eparate frmt Y tratee lon by a relatively thin gate
i nsul ative mad8rial. mosy F Hés%Ye gembers whigh HP%)&%%‘QF‘Q‘C@WW

the 25 insul ator réu@ﬁ%a\gh w%»%%rﬂrﬁ ROV gﬁgﬁhesgaflgﬁ gg@@gt@g HeSm the

floating gate. Nornall e control gate |

polysilicon. A rmlﬂeatiﬁg:gmbs Mlohgmey:ooble‘télsb&mrumwby insulation (@), sikdnuses
chagpel injection for charging the floatin ate and tunnelling for
removi ng char ge. mmqqaeiee%weagrq HE‘“HE#& aggad by elegifandeansten fromithei ng|l e

devi d the 30 y ' h
i v doal col 15 §HoEFh Yol RukigY o ndcBaRE RS St bs BVMiaderdTnigel. |,
ggr ][ leg; hEEE% thaasel I’Fﬁéﬁlibheﬁmﬁélﬁ\gs efE ITHEBSTe b 6icRTor @Blsdrizedst thit BidrgBPROM

represents a stored, binary information. An early example of such a device
is shown in U. S. Patent No. 3,500,142.

_ One category of semiconductor floating gate memory devices are
both electrically progfémmable and électrically erasable (EEPROMs). Such
20 adevice is shown in U. S. Patent No. 4,203,158. These cells are
characterized by a substrate region including source and drain regions
which define a channel thereBetwee_n. Dispo-sed' above this channel is a
k/ floating gate Separated from the substrate region by a relatively thin gate
| insulative material. Typically, a Iéyer of silicon dioxide is employed as the
25 insulator. A control gate disposed above, and insulated from, the floating
gate. Normally. the control gate is also fabricated of polysilicon.
A more recent calegofy 61 ﬂoatihg gate memory devices uses channel
injection for charging the floating gate and tunnelling for removing charge.
For these devices the memofy cell comprises only a single device and the
30 entire memory array is erased at one time. That is, individual cells or groups
of cells are not separately eraéable as in current EEPROMSs. These

memories are sometimes referred to as flash EPROMs or flash EEPROMs.



An exanpl e of these devices is discl-osed in pending US application seri al
nunber 892, 446, filed August 4,1986, entitled "Low Vol tage EEPROM Cel | ",

whi ch application is assigned to the assignee of the present application.

U S. Patent No. 4.698,787 of Mikherjee et al., also discloses an
electrically 5 erasabl e programmabl e nenory devi ce which is programmed by
hol - el ectron i nj edn exampie®f these desinesis disttosed repéidirgi iUSyapsitieatdnds@riased

by th Fow er - Nor dhei ling f f i h
oubstrate, The pr s Be 43R ied Rflodd oldebrpheRr siaw vOans EERROM Gale
el ectrons (i.e., Qﬁlﬂélﬂﬁ%pgﬁhﬁoﬁscﬁﬁﬁn%‘toﬁh@_aEéiQrgéfei @gh@&%&%@i@mﬁpi tive 10

manner. By way of exanp during progranm ng

vice, the {2
control gate is uddhdS.|Rateridén 4.698787 afiMykbeijéd etealpatserliscidses anglenticaty v%én
12 and 20 vol tgi The %(?ur ce is géounded and the drain is taken to an
i nter medi at e pdt erf'REACIGPrOFHPHRPIGIPRTINY Pevise whichiif programmesdya hi gh

| ateral electricalpd Widibd gi A0 a0SAl tQ it najn. -
The high 15 Iaterhglc‘ egcg'gt r'i-lgwtalng{%g.' g‘??‘e‘?@%& g‘gtfe? ggﬁﬁlgiatl%.lagﬁgebﬁgg b?Ihannel
region to the poi nhesthEowlet-heydhetn wnpeliiptidm tHd foaing Qate{oni sobsrats. eat e

additional electron-hole pairs throuq{i\ i npact :i.oni-zation. A |arge nunber of
these el ectrons are at tihgRrBgPlERoRVHichIheseBERROM eglis operateisdbatpositi ve

potential -on the ¢ t Bn [igQ,: € AL 1. EPROM
device, the contr o@%‘é@é (Igg g%adé Iaie S}Oéeudn%@c'il'ea{@t'?*@él"ﬁ??f;?%“lv ft
unconnect ed. Tie swehee. By Wakeexamph, BirHy mograiiniSy BOiCREPROM 86wl i Ng a

high vertical electric field fromthe source to the control gale. Charge is
erased fromthe f|idgtaoatjolgate isysuahetakentoamhighmpositivoppientiaigangieg between

ource nd the 1 obd ARG 2BEPBY Fnd BBl Gushi g i B ool B3Ry 2

dovi oo o devi e P es e B Y i ExiRb(ey) PUBlST CLie lsbey d Righ etbfa  each

electrical field within the channel region nearest to the drain. The high

15 lateral electric field aCCelefates elec_lro'ns aldhg the channe! region to the
point where they become “hot". These hol-elect_fons create additional
electron-hole péirs through impact ionization. A '|éfge number of these
electrons are attracled'to the fioating gate by the lafge positive potential on
the control gate. | h |

20 During erasing of an EPROM device, the control gate is usually
grounded and the drain is left unconne(:led; The sohrce is taken to & high
positive potential, creating a high verticél electric field frbm the source to the
contro! gate. Charge is erased from the ﬂoaiing gate.by the mechanism of
Fowler-Nordheim tunnelling of electrons through the gate oxide region

25 between the source and the floating gate in the presence of such a field.

In certain instances, floating gate hemory devices are fabricated in
arrays where each device or device pair is separated from other devices by
thick field oxide régions. An example of this is shown in U. S. Patent
No. 4,114,255, In these arrays a metal contact is ordinarily required for

30  each device or device pair. Obviously, these metal contacts limit the

reduction of device area.



t hi ck fiéld'bxide regions. An exanple of this'is showm in U S. Patent ‘No.
4,114,255. In these arrays a netal contact is ordinarily required for 30
each device or device pair. (bviously, these netal gcontacts limt the

reduction of device area. 2°° Qher architecturesi“substantially reduce the

.~ nunber OI:I “metal cont 43her archilectuies isybiapiially redyce thefrember @@?téwaﬁlmf |
16 as havi g~ pueRgeney PiekBlod gbodien sHUERTAh BYBos BPPLIT Rafalhcq

~virtual ground coxidelidgiohst OFheke arﬁag@sbmetiraasiaﬁrrewrm@g-haemgetsafma @t of
this type of array is shown in U S Patent No. 4,267,632; virtual ground

- circalbry is shdinest er using’contactiess celis” and eeedydtual grounsteimpitiyofor f abr i cat i ng
an electrically alterable contactl ess nenp g i s, -descriped {n U S.
Patent No. 42780 SRoAnd RPORTIENg., An cample otihisdine dhaairayds shawalti gnee of
the present inveytsopateAlNo. 4,267.66&?%@&@@6&@ &ﬁﬂ{t?% Ibﬁéﬁn W OPEY PafentY

~architecture provides an increase I n device densi ) I'S not

certai n dr awbackio. £460,985t Arprecess fonfabaicatirigl areélecttcaliyt atterabl® cyntdengss es
generally require a relatively thick oxide for capacitive couplin

concerns. These MAMER #Eavie desgrikackindh s Paint Mosd JADARE ghHoleried al-ge overal |
cel | size. Per haﬂﬁigmgsééﬁ% rtBQﬁ% ¥ igrpéé 85{1@5{9&&&1 inbdrfi@h! N9 gate menory
y a f1oa e hav

devi ces are characteri ze ng ga I'ng a large horizont al

di mensi on. Qg en, as Atthobietioésntadliess memonphRay alibitecturéGtodidds ahhe
floating gate extends beyond the channel regions to overlap the isolation
regi ons of the dacregse inTugvice densitisibis nokwishout cartaipdsawbacks. frocinstaace, t o

i na h : i ti ( [ | b he fl ' 20 dth
conTar gat . rrper et fosting Bald hemony fitiees danerall reciftedX etatRalyhBK . cases
the mnimal cel | o) RpP capaciOERUDIN EQﬁcérﬁE.STﬁ&%hﬁiekQQMe régiok tonthsute een,

the present invention provides an electrically

| signi_ficantly to the overall cell size. Perhaps more importantly, prior art
15 ﬂoa_ting gate mé_mory devices are characterized by a floating gate having a
large horizontal dimension. Often, as is the case in U. S. Patent
No. 4,780,424, the fioating gate extends beyond the channel regions to
~ overlap the isolation regions of the device. This increased lateral dimension
is necessary to increase the capacitive coupling between the floating gate
20 andthe contr__ol gate. This large late.ral floating gate dimension further
increases the minimal cell dimension geometry for this technology.
| As will be seen, the present invention provides an electrically
- erasable and programmable memory cell which utilizes both the vertical and
the planar dimension of the floating gate to achieve a minimal area memory
25 ____qe,_ll.-.:. When fabricated in the contactiess array, the present invention yields

the absolute smallest cell size with any given design rule.



erasabl e and programabl e nenory cell which utilizes both the vertical and
the planar dinension of the floating gate to achieve a mninal area nenory
25 «cell. When fabricated in the contactless array, the present invention
yi el ds the absolute srral I est ceI | size with any given design rule. 3

MMAR : pedi mensi onal floating gate nenory
cell is described process for fabricating the sane within an
array. In one- errbomnwetthrea»@aleeszonaldlaahm gatesmemonyruw imdescribiedi con
substrate. Over the 5 gate oxide is deposited.a:layer: of pol ysi licon.

This pol ysili MQI%MQIW@FEI'%@‘?’{FW@H mee?%ﬂw@ﬂ 3";%5'?3&} llBpne spaced- apar t
pol ysi | i con SH'HSb% e-meéﬁalﬁﬁddgsis ﬂfs?fdt‘r?tsg ohcq g@ob%%b&tpﬁeafj\)eygi}]ar eas faug

the nenory ce e bo I'con stri rise e floating

gates of the @ewmaeid\«vpbsneimmytasomcnysnmphanhmbolyvilmohhayemostrate to
form source and drain regions in 10 alignment with thée floating gate

menmbers. By egiobaditedprmelongated. narajieh SQFC%G’ apartpelysilioea stips: cEIesLai n r egi ons

of "t he. phot or SEPEE khed e efing i At Bfeor MG Gele ST Lo e o

second |ayer @by ambaﬁssthp@wm Ihﬁer e@dasﬁsé e ﬂam% §48s smtde%tces Negt, Second
poly-layer |sforme above,. Is insulated Trom the 15 first

pol ysilicon | dgpantsane thngm thecsubstiratedolfgrim sourck and draie regianshied t o

def the fl ogt d trol t f . Th
oo ook BabaFmdalipe Tosut ot G ey R RARR AP KRR Bt B s s ¢ ov
of the ar ray. ctgﬁfﬁi}]wgédr dﬂa‘ﬂ‘m %mrfmoﬁes%nwmnwmm hitay.

per pendi cular to the para source and drain regions. The clud(
of the present mvhwlnedaleihsaﬂdt@hé rermovial ohhefpholoeesﬁshasd qﬂeryepdstmn | ayer to
-a sufficient thickness sg as to al Io éli/&tlv coupl bg%*to the control

gate nember alohAg intgeolidielectdc. 3 Fe‘?—P plysi ?Q!HF(S’R ed gyer th

substrate. The second poly layer is fo_rmed above, and is insulated from, the

15 first polysilicon layer. This poly2/dielectric/polyi stack is then etched to
define the floating gates and controi gates for each Of the cells. The control
gate is formed by a continuous wordline which extends across a row of the
array. Each wordline is patterned so as to be generally'perpendicular to the
parallel source and drain regions. | | |

20 The crux of the pres‘ént invention is the formation of the first
polysilicon layer to a sufficient thickness so as to allow capacitiVe"c'OUpling o
the control gate member along the vertical (i.e., side_wall)"regions of the -
floating'gate member. In this manner, the vénicél dimension of the floating
gate contributes to the total capacitive c_dupling a're"e between the floating

25 and control gates. This permits a substantial increase in device density
within the array. Currently, a 50% reduction in total array area may be
realized. '

Further features of the present invention include an improved gate
oxide quality due to.eliminatien of thick oxide regions. The gate oxide is

30 also immediately cépped by a profective polysilicon layer following its

formation to prevent exposure 1o damaging effects of subsequent



floating 'gate nmenber. In this manner, the-vertical dinmension of the
floating gate contributes to the total capacitive coupling area between the
floating 25 and control gates. This permts a substantial increase in
device density within the array. Currently, a 50%reduction in total array
area may be reaProgegsing e dreseahinvertionisq peovisles sentinyous saviceddrainc| ude an

i nproved gal e oyl I ] . 7. hat i hjck.oxide reqgions. The
gate oxide is Sgéﬁg%%ghé ?#7%‘1 %"é‘?‘%ﬂéé{ﬁ%%@ 53@'“35%#@%8‘{’("}“?/@' fﬁﬂuﬂfgﬁepgon
l'ayer fol | owi ngfdriessingle tohiabNpérawd el NAddiigHaly,tRe brosBANRGMliEn 8hf&ct s of
subseguent 4 processing. The present invention also provides continuous

sour egphdr ai n r eghefatical masking step byf utiizingeusingle masking step ol define bbth thae
traditional reqyirenent for.a single contac er two cells.. Additionally,

t he present #nv ﬂ?qwagﬁeﬁg'@n@'ggﬂqac'gf{mﬁ?g step by utilizing a single
maski ng step to define both the 5 floating gate and the active area for
the device. 5 BRI EF DESCRI PTI ON OF THE DRAWNGS Figure 1 is a
cross-sectional "el evation view of a substrate which includes a gate oxide
over which has been deposited a polysilicon layer and an additional oxide

- layer. 5 Figure 2 illustrat'es the substrate of Figure 1 after photoresist

- flaski ng nenbers have been fornmed and the underlying oxide, polysilicon

. layers have been etched. This view also Illustrates the-ion inplantation of

9



arsenic into the regi ons between the masked nenbers. 10 Figure 3°
Illustrates the substrate of Figure 2 during another inplantation step.
Figure 4 illustrates the substrate of Figure 3 follow ng deposition of 15
“an interpoly qj, 2 pnd pol ysilicon |ayer.

Figure 5is a '-"-—'v‘—"‘!" T =T gsSSES ional elevation view of
Figure 4 fol | Ow,ngﬂqmeqtr_sfa Erds@bedtidhal fevafion Yewsorl £ SibstratéWhichi gure 5
shows the location of buried bit Iines and wordline. 20 Figure 6 shows a

cr oss- sect i onddcludesya gateanxidel over whichviasrheenaiepositedad polysiticomrlaydrarndowi ng i on

I npl antation steps,  reoxidati on and planarization steps are perforned. 25
Figure 7 ill uﬁ"r%@“ﬁﬁ@”&%iﬁﬂ'ate of Figure 6 follow ng etchback of t%‘

upper insuLjation | ayers. Figure 8 illustrates the substrate of Figure
after depoSition of an interpoly dielectric |ayer followed by a second

polysilicon |ayer. Figure 2Xaéirtés tHa\sulbistrate- it RGbieERAItd? pHOMHEEILIVENT(S) A -
novel three-dinensional non-volatile nenory cell is disclosed which
utilizes both maskingemembers have bega fpnmadandthe anderiving p¥ide. pelysilicoreve a

m nimal area. n.t fol | ow i pfl S, Lfic details are
set 5 -forth'%yﬁéﬂng‘ée g%ec F%‘g@%%%'&“l%%g‘"g&%%@ﬁs}?iﬁﬁﬁgg? 9", ‘_"itn order to
provi de a thOfa%&H?bWﬁfe&bgi_aﬁsB&v@%n&ﬂ@nﬂ%ﬁé@ﬁkrﬁb@bﬁ?m'On-' It will be

obvi ous, however, to one skilled in the art that these specific details

need not KB® enployed to practice the present invention. In other instances,

uel |- known pr 0ces s, SIERthEs 1% sS5RSHd BPFighft SSLARS ahfings 1o Mot 1o

implantation step. . &

Figure 4 illustrates the subsirate of Figure 3 following deposition of

15 an interpoly dielectric layer followed by a second polysilicon layer.

Figure 5 is a perspective view of the cross-sectional elevation view
of Figure 4 following the etching of the second po!ysiiicon layer. Figure 5

shows the location of buried bit lines and wordline.

20
Figure 6 shows a cross-sectiona! view of an alternative method of
fabrication. Following ion implantation steps, reoxidation and planarization <
steps are performed.
25 Figure 7 illustrates the substrate of Figure 6 following etchback of

the upper insulation layers.

Figure 8 illustrates the substrate of Figure 7 after deposition of an

interpoly dielectric layer followed by a second polysilicon layer.



10 obscure the present invention. The menoiy cells of the present

I nvention are fabricated using standard netal -oxi de-sem conduct or (MOS)
processi ng. The array which contains the cells, in the currently preferred
enbodi nent is fabricated of pn-channel devices. A peripheral circuit can
enpl oy either nRPSRiaAtLgEE : B RRL, Aali

P S A R 1

SR LA e BeCieldnsr Jalitie WAAMEINI (Bb i ces. W th
reference to Figure A, navBi fhied. ki g . ngg LiB3 'gé‘etdedtoa

t hermal oxi dati on cyélngvglo{ﬁt%eérmr?aew@ngl%dv?/ %’agg%)?%x-l- gbqﬂ)%r p-type
monocryst al | i newsidh utiines bothtthavertit&l. anddhe planargaté Himensions ©whachiesda t her nal
oxi de.which in the currently ‘Eref erred enbodi ment assunes a 20 thickness
of aPpy oxi nat el Yinig@haradot la the, fnllowing desgfiptioncaumergus speqitis details are seh

appl i’ cati onsgbu AP . e Sy I oe - - 4

applicati o_ns.5 B§/° gr o%“%syﬁ‘{?g{ﬂgg{%ﬁé&%% ' ?g{? é"é%?“éb%‘ﬁ*i‘ﬁ"ﬁ%ﬁ'ﬁﬁ'@? Boxi de) at
t he begi nni ng ofhdrbsghourdeSiandifg osiheprestmt diveAtith. i will BEOGBNGSE, as conpar ed
to prior art approaches. In the prior art cells the tunnel oxide is usually

grown 25  af t ehowReer; i ong skilleddn the art thah thesaspecific defailsmeast nattbeer t he
source/drain inplants have bee erforned. .Bot t.hese processi ng steps
tend to degradggméoyﬁﬁg PIRFYEE Eﬁ‘f@'eﬁ%ﬂ'é""&ﬂ'%. n‘l‘ﬁﬁ%’ﬂ"ﬁ‘?ﬁg‘{)ﬁ' &'eﬁ’fia?‘a ion is

| nproved by gr opidigsting stpls%re hofGestbéd intdbtaillinldiGertidt ¢ Bfinddet¥irily NCe an
exceedingly flat silicon surface 1s still available. I'n other words, the
substrate st0f acbsdure tidDpresaotinyertioneen subj ected to several inplantation
or oxidation steps. For _exanple I gh tenperature thernmal oxidation cycle
for growing field OXFB%"‘F“‘J}PP%'& %ﬁge gﬁsﬁﬁﬁﬁfﬁ PB AR Rbrgated MSiNggeal  of
stxess in the ngj j 48 R¥di j ' +OX ' | so
desTroys the pl g‘n%???{/h% "t%ﬁ'rgesu s'cﬁ?‘g?éeigtsur 2)an‘o§tb§stuﬁde§ gﬁ%ig“g?%i?@ active
regi ons. Opti onabhtainsadhe celis;drethisfouverehtiy prefetjedsembuglimentlis febricatediot per f or med

n-channel devices. A peripheral circuit can employ either n-channel devices

15 or complimentary MOS devices.
With reference to Figure 1, initially the entire substrate is subjected to
‘a thermal oxidation cycle to thermally grow a gate oxide 11 over p-type
monocrystalline silicon substrate 10. Gate oxide 11 is a high-grade
thermal oxide which in the curréntl'y preferred embodiment assumes a
20 thickness of approximately 110A. Note that this thickness is typical for flash
-applications but may vary for other types of device structures or applications.
By growing the gate oxide (also known as the tunnel oxide) at the
beginning of the process, erasing operations are improved as compared to
prior art approaches. In the prior art cells the tunnel oxide is usually grown
25  after the formation of field oxidation regions or after the source/drain
implants have been performed. Both of these process'ing steps tend to
degrade the quality of the gate oxide. Flash erasure 6peration is improved
'by growing the gate oxide early on in the process flow since an exceedingly
flat silicon surface is still available. In other words, the substrate surface has
30 not yet been subjected to several implantation or oxidation steps. For

exarﬁple. a high temperature thermal oxidation cycle for growing field oxide

7



5 before growh of the gate oxi‘de-11. This threshold adjusting inplant
may consi st of a conbination of | ow energy and hi gh energy boron inplants.
After the gate oxide is forned, a layer of polysilicon 12 is then deposited
over the substrate. In the currently preferred enbodi nent, the thickness of
polysilicon layer 12 is on the order of 3500A. However, thicker 10

pol ysi | i con | ayerto{ans nosmahopiRoueRs torgatdeal phstresk éutheaneighbodpedaléependi ng

00 dovidn . der stiang |  ords. . the hel f e
on shec 1 o3 6 o5 o B BB '
coupling to the cesidcelatgnd endsdTiRg adiive kégiddie step coverage lim-t of the

particul ar process, ‘as will be discussed in nore detail later. 15 %\
Next, a |ayer of oxi deOptionadyfavoiede dveshoid agjustipplimpiani may be pedermicdi ei t Fer

by oxi dat i i cal vapor deposi ti CVD) techniques.. The thick
of Tayer 131 % gcHEpia BipwRBY veienigh VT3 dbis= e PAEIGITHAM FRYor ovont

pol ysilicon | ayer s ) Wa{oJEYT ' ' ; | on steps.
For those appli ca?%%srllgst??%%‘@ﬁ%ggq“ﬁéeﬂ%@g%wgﬁg?&% bbWe'ﬁ%!ﬁ%glés'i licon
layer 12 is immaterial Aflentbb gate oxide igforeeld, 3 ldybeoipudysilicon 1ERRBehdevi ces)
this oxidation step- maty be omtted fromthe process flow w thout departing
fromthe . scoferesitedipyepinesustratey Inihe sHrrentiy peslerred embodimentthfire 2, a
singl e phot oresi St [% . . | 0 ' e ' nel
area for the devi ?:he's. he%ggé?%['?%oﬁ‘;ié%%ﬁgﬁggt%orgg{‘g%r(’b%?, Fgoﬁscﬁvggltﬁgﬁ?i con
layer 12 whi choar polysilicomiageadupo PE00LaRS higher) Megalsbbeaemplope®ved during

an etching step. The polysilicon regions underlying rmasking nmenbers 15 are.
protected during C&eeedib®PAFPeeiipdesign epnsisierations| In albernwprandhe beightelt ed,
Cubat rate 10 1s o0 bt B§wiucor bbbt eV bk idiited ¥ proyice aregeh S SATARS 16
This inplant peneilcopplfy folth® ahtrol gaeaherhisdrd 18 the step coverage limit of the
particular process, as willl_be discussed ih moré de'tail later. |
15 Next, a layer of oxide i3 is formed over first polysilicon layer 12
either by ox‘idaﬁon or chemica! vapor de.position (CVD) tachniQues. The
thickness of Iayer 13 is generally é_bout 400A. ‘The purpose 61 layer 13 is to
prevent pol_ysilicoh layer 12 from being doped durin'g subseq.u.enl
implaniation steps. For those applications in_which ._sdbsequent__ doping of
20 the polysilicon layer 121 immate.rial_(s'u_bh asis .ty_pically' the case for
| EPROM devices) this oxidation step may be omitted from the process flow
without debarﬁng from'lh_e . scopé of the present invention. W/
Réiéning now to Figure 2,- a .sin_gle phot_oreéi_sl masking layer 15 is
used 1o define the:activ_e channel area for the devices. The portions of oxide
25 layer i3 and polysilicdn layer 12 which afe not covered by photoresist
layer 1_5 afe removed during an etching step. The polysilicon regions
underl_yi'ng mas_king members 15 are protgcted_during the efching step, with
the resu_lt .bein.g that elongated, pafallel. spaced-apart poly 1 strips are
| 1orrhed. _
30 Afterwards substrate 10 is subjec_led_to an arsenic implant as

indicated by arrows 16. This implant penetrates through tunnel oxide



| ayer 11 into p-type substrate 10, but not into the polysilicon strips or

t he underlying substrate regi ons protected by resist nenbers 15. In the
presently preferred enmbodi ment, arsenic is inplanted to a level of 1 x
10[err]/cnferr] to 5 x 10[err]/cnmerr]. This inplantation step forns
~elongated, 5  pdaydridl iptospiypecdubstsate 10ohutchat énjo thespolysilidoa stripsserthee. Not e
that not only do r,r%%éi.na rrErIb rs 15 serve the activye channel definition
mask, but al so ad"CREYIPESY ?a¥§.%6?9'%ﬂi@°§?ﬁ?%. yrRsist mempesciP- s!ivbe one
scritical mask in grbertlyHiétaied bRibodinibnd!shbené foHnphE 16 BlOWILR N
vari ati ons between masking steps. 10 Next, as rllustrated in Figure
3, algernate oned ofiof¥eméiteSgata’d/om?yi This iinplantation tstep foahy Bldrigatsd, nenber s

12 are coverﬁg W th Ephoto esi st menber 20. The regions directly under
phot or esi st menbdaralgl.spacedigparhdonadsegions in the substrate s ete that not@nindo

subsequent ion i : The. i . ar | ect t

phosphor ous i npl z?rﬂ%&z';@ g‘%mr%ﬁi@g agWeo@wgfﬁfhpﬂaaﬁﬁgé%&agﬂ lgl.ﬂ@?so

currently preferrgdhe flice \gate ek O Mhi hi ' itk or ous

to a level of approxi g?gl y 0.5 x 10[err] gfﬁfﬁs}ﬁ%?ﬂf@ﬁ%ﬂi@?%ﬁ?ﬁ?e”] :

Note that this prrsecessifioy andpiso eliminatesiregigiration vasiationschetween maskingnd i s

“unnecessary when ;abri cating ordinary EEPROVs. Foll ow ng the phosphorous
i npl antati on st eﬁ,e‘ﬁ‘lree separate and 20 distinct regions exist within

p-type substrgte 10. Tf dsiR@iraRe iﬁ'irfduwsig éltérﬂéisoﬂﬁgﬁt h@ﬁé L gt8 and 19

(region 18 receiving the additional phosphorous | np annel
regi ons 17 f or nedegions betweebehe polysilicors nepibdeyss12 amocoversdoeitts a photdresist t hat

oxi o1 ayer 13, (REMERGAT. TS redions ApesHE SrdpGRheroras st mampabed A inereny
B R R S LT
~After the phosphaoegioas it 8retienhsabjdetetoepliosphodus implaot esstdwribyrber 20 i s
removed and (‘)I)éi d-earrlo%e/sear1 i1r|3FiigLSJreest.C'Pne%ebcatﬁrlénﬁylf %pe errV\gc} thbggiment. regions 18
‘are implanted with phosphorous to a level of approximately 0.5 x 1015/cm?2
to 1 x 1015/cm2. ‘Note that this processing step is only required for flash
devices and is unnecessary when fabricating ordihary EEPROMSs.
Foliowing the phosphorous implantation step, three separate and
20  distinct regions exist within p-type subétrale 10. Those regions include
n-type doped regions 18 and 19 (region 18 receiVing the additional
\/ phosphorous implant) and channel regions 17 formed directly beneath first
polysilicon members 12. Note that during the phosphorous implant
polysilicon members 12 are protécted by oxide layer 13. (it should be
25 appreciated that the additional phosphorous implant 21 is generally only
required when fabricating flash-type devices, and may be eliminated for
ordinary EPROMs or EEPROM).
After the phosphorous imblant has been performed, photoresist
member 20 is removed and oxide layer 13 is eiched back along with the
30 exposed regions of gate oxide 11. - The gaie or tunnel oxide 11 directly
under polysilicon members 12 is preserved.
A layer of silicoh dioxide, or preferably interpoly dielectric layer 26
9



30 exposed regions of gate oxide 11. The gate or tunnel oxide 11 directly
under polysilicon nmenbers 12 is preserved. A layer of silicon dioxide, or
preferably interpoly dielectric layer 26 9 conpri sing an

oxi de/nitride/ oxide (ONO) stack is then deposited over first polysilicon
nmenbers 12 asostpsgingian gxidpinitride/oxide(ONQ)stagkds then depositeshoverdirsl ectric 26

| ayer 30 i PRuAiRaR sieti oo s iR b e 40, S Bion iy S SERRTRRY s or
layer 30 is pedié ﬁﬁ@h&ou’i%@k ih the &ﬁré?ﬁl?%’fbh&d Bibb@meml ATbodi ment. This
second polysilicon (poly 2) llayer is nmasked and layers 30, 26 and 12 ak.e

etched to defsenmd pelysmcnw layer;30 is thea depoateldrqyegdiaiemmmyesze oThehe argy
The poly 2 | ayer tterned into ich conpletely . cover the
floating Sat & cﬁfse5§ vt ol i) camios ey AORFR in ecorasenty prafgmea " o i's

h Fi I d b
that in Fi gurgsbdirhéf. e gaddid Mﬁﬁbﬁ (%olfgg@ggr g egr’%{ nted substrate

regl ons are now own as source an rail respectively.

A key feat ur qaydrs B0c2eand ¢dtare eiched todefire mbe:omltgatahndllmn-glgme of the
polysilicon floating-gate nmemhers 12 This vertical dinmension, which is 15
typical |y betmgmehers oDIhP AR ﬁhecn@lv ? fnyiee inspatternpd ‘BB’p‘HE’di'i‘Qﬁe“’@%pl i ng

bet veen the, A0 cabAng e OrAd floy B3l sBlods WHAR NIghAY, vorti ca

hei ght of th& ng gate |ng YS en anced wtho

COrr espon@i ng i NCINobs that in Figrd %tthédlor@amrﬁlelOépa‘cbe-aﬁﬁﬂllmplanfgﬂus
overall cell density is greatly inproved. An additional feature

char act eri st is¢!bs¥rateifegiens ere;powishawe ag spyrce; and draintegions @5And24| d oxi de or
ot her thick oxi det’flﬁl‘ g., SATO regions separating each of the devices
within the afPERECWEYthe prior art, thick oxide regions are required to

mnimze first polaykdyl fesre éﬂﬁb%prés)eni ﬁv%%%flﬁr@rl‘ba%msfoﬂr& the Hovever,
I n obviating the Iarge | at er al rst polysilicon
polysilicon floating gate members 12. This vertical dimension, which is
15 typically between 3000-7500A thick, increases the capacitive coupling
between the floating gate and the control gate. By increasing the vertical -
height of the floating gate the coupling fs enhanced without a corresponding
increase in the fateral dimensfon of the device. Thus, overall cell density is
greatly improved. An additional feature characte_ris'tiq of the cell of Figure 4
20 is the absence of field oxide or oiher thick oxide (e.g., SATO) regions
separating each of the devices within the array. In the prior an, thick oxide _
regions are required to minimize first polysilicon (poly 1) to source/drain o/
capacitance. However, in obviating the lérge lateral first polysilicon
dimension, the corresponding need for thick oxide isolation regions is
" 25 likewise eliminated. Of course, isolation in the form of field oxide may still be
required in the periphery cells, even though it is unnecessary in the central
array. Also note that within the array, adjacent cells share common bit lines.
For example, in Figure 4 adjacent memory cells share a common n+
drain 24.
30 : Capacitive coupling between the floating gate and control gate

members may be increased in the process simply by increasing the vertical

10



di nensi on, t he correspondi ng need for thick oxide isolation regions is 25
i kewi se elimnated. O course, isolation in tthe formof field oxide may
still be required in the periphery cells, even though it is unnecessary in
the central array, Also ngte.that. within the array,. adjacent cells share
common bit |ines.dimgnsiop fsé,p°ﬁfﬁ"'ﬁ‘?'bm°§‘b$’ g &s 'arPéﬁ’o?CRPVee! s share a
common n+ drain 24 li ! g&ldi f] oati ng
gate and control gg?%gﬁ%%%eggnﬁagg*%gfggge I\ﬁﬂ}oﬁg’é‘é@g’gz@ﬂﬁgf ly by

i ncreasi ng the veintiease irlthe iaterkl ditwerision affthd devide. plalthe cliirently prefelred 12. As
expl ai;ned above, the increased coupling capacitance is achieved without a
cor r eg§pondi ng i ncemhediment, channel wigths fofiindividyal memory gellgiangi anethe jafdernnt

currently preferr I R i 406k Ve y cells
are on the or d"gr gﬂ @%%%.'M%‘r gﬂgnlgﬁov(nwcfﬁ %%ﬁ?—:&ﬁ'ﬂ}ép ﬂ%%ﬁg%‘i@ﬁelﬂ@lﬁﬁ% nation
of field oxide regbmike hemibry BEthaIESaNt Piveitivn maRed redudes BfresyiniRe kedl y
reduces stress in the tunnel oxide regions; thereby providing superior

progranmi ng and elunpel gxide aginns: thergtiyoprowdibg superiargograpuming aod ievasevi ew of
the cross-sectional ,elevation 10 of Figure 4. In particular, Figure 5 nore
clearly illustrat®¥MaPPecation of poly 2 wordline 30 in relation to the

under | yi ng sour ce/ dr aigigfyd's Grdvides al ;%é?@p%ctiwci,@hi g&i\e?Qrds@sBéﬁ&r?gf 8fe¥ation

general ly perpendicular to the underlying burie 1 nes and extends
. conpl et el y act®ssofsFigore 4f Int pagticutara fFiguRnd ynore icblarly dlusBateatie theétioredf usi ng

Cont act 1 of mati onPahe WoRlNe 8o Tb Rlafdrcie e Woreaa FeuERlR buRES Bt nan
O SLDY TR L WpRih S PRIB N Yoy bR SRr B
~a high tenperat urpurietbbit kiwisizmd dxtdridewompieiely atrosé a row of the array. Poly
| wordlines 30 are defined using an ordinary poly 2/ONO/poly 1 etch cycle.
15 Planarization, passivation, contact formation and metal line formation steps
are then performed in an ordinary manner to complete the memory array.
Figures 6-8 show cross-sectional views of an alternative method of
fabrication. In Figure 6, a high temperature reoxidation follows removai of
- photoresist member 20 to form oxide layer 32. Oxide 32 protects
20 polysilicon members 12 from later processing steps and increasés the
oxide thickness over source/drain regions 25 and 24, respectively. A BPSG
K/ or TEOS oxide 33 is then deposited to smooth the topology and better
planarize the upper surface of the wafer. A typical thickness for oxide 33 is
1 micron.
25 An etchback process is then performed so that the oxide regions are
recessed from the upper portions of polysilicon members 12 as shown in
Figure 7. As is evident, the etchback process leaves a portion of oxide 32
over the source/drain regions of the device while exposing the vertical extent
of polysilicon member 12.
30 Figure B shows the completed device which further includes interpoly

dielectric layer 35 and a second polysilicon layer 38. Polysilicon layer 38

11



phot oresi st nenber 20 to form oxide |layer 32. Oxide 32 protects 20
polysilicon nenbers 12 from |l ater processing steps and increases the oxide
t hi ckness over source/drain regions 25 and 24, respectively. A BPSG or TECS
oxide 33 is then deposited to snmooth the topol ogy and better planarize the
upper surface & elched glongrwithlayersidsand: 12 toidefie Wasdlinesegmedts fos the ni cr on.
25 An e I Sl orned t hat_t he oxi de regions
are recessed frrd%%:?%gh ﬁépc%g(r? por "hotﬁg%ﬁg%&w?iquf W'ﬁg ers 12 as shown in
Figure 7. As is evident, the etchback process | eaves a portion of oxide 32
over the source/drain regions of the device while exposing the vertical .
extent of polysili chhusnéntbeee-dimensional contactiessynorevaatilb onemorgaevicapl et eg
device whicp further includes interpoly dielectric |ayer 35 and a secore™
pol ysi | i con®I a;*l/"@F begn @5?%q?i con | ayer 38 is etched along with |ayers
35 and 12 to define wordline segnents for the devices in accordance with
the nmenory array of Figure 4-5. Thus, a three-dinensional contactless
non-vol atile nenory device 5 has been described. 12 CLAI M5 1. - A
process for fabricating an array of floating gate nenory devices on a
substrate conprising the steps-of: formng a gate oxide on said substrate;
formng a plurality of first gate nenbers on said

12



gate oxide froma first layer of polysilicon; introducing dopants into said
substrate to form el ongated, parallel, spaced-apart ce and drain
regions in alignment with said first gate nenbers: Hmﬁ Hwﬁﬁ source
and drain regions form ng a channel therebetween; a A ted
second gate nenbers froma second | ayer 1a@f -pol ysilicon, said séecond gate
menbers being formed over and insulated fromsaid first gate nenbers, said
first gate nmenbers, having.a vertical thickness which is at least thirty
percent as large as the width of saFdRnnel so as to all ow enhanced
-capaciktive coupling to said second gate nenbers along the side wall regions

of s@id first gate rs,..sakd. si | l..regions being dispased .quer said
sour ce/ drai ﬁ regi ons. ocess #ﬂ’é 5.%3753;%5&1: é‘cqgr% n&rtlj(? cl 3#m m n said
second gat egatebmemoxye dpsriszeas | gnf ar e simatendtonpri sing skhe sdregid el

spaced- aparggsource and drain regions. 3. The process according to
claim2 wherein said first gate menbers have a _thickness of about 3000A to
7500A. 4. The fpEEiBg acdatai A¥ide enasAid RBLSEXAtedi d gate oxide is

approxi mately | 10A £Bifikng a pléfaiily of filke ghieChehbed@Condigadd to
claim 4 1ol 8ol EQ0PELSh"S ElSsR! TRy BB 21519130, ] eshol d adj ustment
_ introducing dopants into said substrate to form
elongated, ©parallel, spaced—-apart source and drain
regions in alignment with said first gate members said
L spaced—-apart source and drain regions forming a channel
therebetween; and '
forming elongated second gate members from a
second layer of polysilicon, said second gate members
being formed over and insulated from  said first gate
members, said first gate members, having a vertical
thickness which-is at least thirty percent as large as
the width of said channel so as to allow enhanced
capacitive coupling to said second gate members along the
side wall regions of said first gate members, said side
wall regions being disposed over said source/drain
regions. '

-~ 2. The process according to claim 1 wherein said
second gate members are generally formed perpendicular to
said parallel spaced-apart source and drain regioms.

3. The process according to claim 2 wherein said
first gate members have a thickness of about 3000A to
7500A4A.

4. The process according to claim 3 wherein said

gate oxide is approximately 110A thick.



I mpl ant

fabricating an array of floating gate nenory devices on a substrate

conprising the steps of: formng a gate oxide on sai jlﬂum}mu m; '
a first layer of polysilicon over said gate oxide; p c o I ﬂl‘lﬂmf
polysilicon layer to forma plurality 1of $irst gate nenbers; |ﬁtr%du%|ng

dopants into said substrate to form el ongated, parallel

prior to the formati on of said gate oxide. A process - for

*

spaced- apart

iting
st

source ang drain &glions.aligned to sajd first gate nenbers, said spaced-

apart -

Prege

urcel/d

fis acoyding te - ¢lpimel 4 nefupEheEen;

form ng arompirdspalgy thiee| £odp | 6f operfosmingi &S ttighdsholRIThed fustReAtng

) . : ) o , Td :
Cecond gatBPLant, BB TRY M LORAGERF o gte elltr < “anu caia

e ers béi ng formed over sai

e

second gate nenbers being insulated fromsaid first gate nmenbers by said
nsi on

i nterpol ygdi el ect mi b &l T -ég{@ﬁés avj ' rtg '
:/\/ni chpi sygt' | east At ﬁ‘?rr??/égserggﬁ _ j'ggl;]ﬁarge a taﬁe %Mfgé?ﬂ \é? s%‘lfgé%ﬂ%ﬁ

el

such

that si def@ff MSHIAFYs SBViees Phr & YMELFrkdeFompsasinguithe ostepst ot al

capacitivefarea between said first and second gate nenbers,

sai d sidewal |

regi ons bei ng dis%gsed over said sag&;e/drai re ions”gg; The process
rﬁﬁhﬁﬁ © gener

according to clai

G & 98 &% ra

oY Gt

per pendi cul ar to dapodspdial @ foipmted-ayear tofs @olyes idncbah aovex egaDdS.

gate oxide; _

patterning said first polysilicon layer to form a
plurality of first gate members; | .

| introducing dopants into said substrate to form

elongated, parallel, spaced-apart 'source and drain
regions aligned to said first gate members, said spaced-
apart source/drain regions forming a  channel
therebetween;

forming an interpoly dielectric over said first
gate members;

forming elongated second gate members from a
second layer of polysilicon, said second gate members
being formed over said first gate membefs.and said second
gate members being insulated from said first gate members
by said interpoly dielectric, said first gate members
having a vertical dimension which is at least thirty
percent as large as the width of said channel such that
sidewéll regions of said first gate members contribute to
the total capacitive area between said first and second
gate members, said sidewall regions being disposed over
said source/drain regions..

7. The process according to claim 6 wherein said
second gate members are generally formed perpendicular to
said parallel spaced-apart source and drain regions.

ally fornmed



© 15 - 8 ' The process according to claim6 V\herelmlﬂmmuluﬂﬂmﬁﬂl‘e
menbers have a thickness of about 3000A to 7500A. 9. !INEE

according to claim8 wherein said gate oxide is approximtely 110A thick
10. The process accordisng to claim 9 further conprising the step
of performng a threshold adjustnent iyrpgleant prior to the formation of said
gate oxide. 11. A process for fabricating a floating gate nenory device
on a silicon substrate conprising the steps of: growing a gate oxi de over
sai d substrte; forHhfy Broecesasi REQRRELNENber ¢tdhma 6 | vBerpipersatd

pol ysi | i congy8t Sk JAEALR¥sUdiavdPhanti ftkiedy POFIBEE B30DOAS Y
subsigrate ipn_alignment with said floating gate nmenber to form source and
drain regioﬁéogéparated by a channel region; forming an interpoly
dielectric over said floating gate nmenber; formng a control gate nenber

f d | f L ysili d ' i Qi | A
i ol eotrio. Ssai d 11 73 BEAFeEH BRI n RVT TR Vor PREEPERT reid on
whi ch is atghtespxtiber iy ppproximadelyr Jd 0ds thekn dt h of said channe

such that the sidewall region of said floating gate nenber contribute to
the total capacitive area between said floating gate and said

control galB- menb®hg REPEESS| dARAArdinggi ohe Kdiaige 92 further
comprising the step of performing a threshold adjustment

implant prior to the formation of said gate oxide.

K./ 11. A process for fabricating a floating gate memory
device on a silicon substrate comprising the steps of:

growing a gate oxide over said substrate;

forming a floating gate member from a first layer
of polysilicon over said gate oxide;

implanting n-type dopants into said substrate in
alignment with said floating gate member to form source
and drain regions separated by a channel region;

forming an interpoly dielectric over said
floating gate member; | .

forming a control gate member from a second layer
of polysilicon deposited over said interpoly dielectric,
said first layer of polysilicon having a vertical
dimension which is at least thirty percent as large as
the width of said channel such that the sidewall region
of said floating gate member contribute to the total
capacitive area between said floating gate and said
control gate members, Said sidewall ° regions being
disposed over said sourcé/drain-regions.

12, The process according to claim 11 further
comprising the following steps after said implanting
step: ' '
masking said drain regions; and
implanting said source regions with an n-type



di sposed over said source/drain regions. 12. The-pngg§§NT§E£gLE;ng_
to claim 11 further conprising the follow ng ste fter sard nting
step: masking said drain regions; and inplanting safﬂ ‘” W th
an n-type 16 - dopant so that said source regionss J W& doped
t han sai'd drain regions. 13. The jprygcess according to cl 8ins erein
said floating gate menber has a thickness approxinately 7500A. 14. The
process according to claim 13 wherein said gate oxide is approxi mately 110A
thick. 15.dopank sphtdat gaddhsoprse negions ane wonerheavikeldoped
conpri si NngthansghsAr ar@idf rddfilgnt, conductivity type; spaced-apart regions
of a second conductivity type disposed in said substrate regions definigg a
channel therebetween; a first gate nenber di sposed above and insul ated Trom

sai d channgB, sai dThier S;lircgﬁéﬁs magberdingr ity ela'lﬂaaig)@ aghégbhﬁg éa{l}ai g
conducti vi Lt pLn I d nel; a._s n at e nenber, di.spose ve an
I nsul at ed ¥¥8%1%%§9dg$ ?Psf“ga'%té: h’\?ﬁb@r %%2‘5%3%1%% ﬁppd:%%@é’r %‘ﬁg a
vertical dimension which is at |least thirty percent as |large as the width
of said chggnel sughet Rloddlss ShEEYRALnECELNE18EmSAIF GhEshbifalS: fEMOer

contribute
gate oxide is approximately 110A thick.

is5. A three dimensional non-volatile memory cell

comprising:
a substrate of a first conductivity type; - \“J

spaced-apart regions of a second conductivity
type disposed in said substrate regions defining a
channel therebetween; |

a first gate member disposed above and insulated
from said channel, said first gate  member stbring a
charge affecting the conductivity within said channel;

a second gate member disposed above and insulated
 from said first gate member, said first gate member
having a vertical dimension which is at least thirty
percent as large as the width of said channel such that
the sidewall regions of said first gate member contribute
to the total capacitive area between said first and said W
second gate members, said sidewall regions being disposed
over said source/drain regions, said second gate member
controlling the programming and erasing of said cell.

le6. The memory cell of claim 15 wherein said cell is
programmed by hot electron injection of electrons from
said substrate to said first gate member and erased by
Fowler-Nordheim tunnelling of electrons from said first
gate member to said substrate. |

17. The memory cell of claim 15 wherein said first
gate member comprises polysilicon.



¥

to the total capacitive area between said first and said second gate
menbers, said sidewall regions being disposed over said source/drain

ot ool 16, e remory cel | of ol aim 15 wnazern d ARAIARIAHE N <

progranmed by hot electron injection of e¥eetrons from sdid° substtat®e to
said first gate nenber and erased by Fow er-Nordhei mtunnelling of

el ectrons fromsaid first gate nmenber to said substrate. 17. The nenory
cell of claiym 15 wh i n. Sald, fi t (s ¢ 1,.SES+ RO kL l.gen
-17- 18. lrEll"he neggﬁiq%%ﬁ+ fé%F%j%?1?13£EP2?nwggggiéegéfgakggrggggion i's

bet wfgn 300G RASADA ki Hetairesaid@0hanBd 75088pr SRirkt eRpdl ARiA0N

wi de. 19. chgﬂﬁéxnggnag?fgiimﬁtep§ainmﬂ@r@ﬁeﬁgag_said second conductivity
type is n-type. 20. process for fabricating an array of floating gate

menory devices on a substrate substantially as hereinbefore described with
reference td%.he accripangnogydcadiingst laim 18Awhuredni g@idi ssabnd

nor o nbet o MR EF Y ef | Shchple” @ T 10 10 19 substentially as

20. A process for fabricating an array of floating
gate memory devices on a substrate substantially as
hereinbefore described with reference to the accompanying
drawings.

21. A three dimensional non-volatile memory cell as
claimed in claims 15 to 19 substantially as hereinbefore
described and illustrated.




