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BACKGROUND OF THE I NVENTION (1) Field of the Invention The invention
relates to the fabrication of integrated circuit devices, and nore
particularly, to a method for the creation of flash nenory cells. (2)
Description of the Prior Art Read Only Menory (ROM) devices, also referred
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fabrication of the devices. A desired bit pattern of “the nenory is in this
manner inmbedded into the device, each bit pattern being ained aL one
particul ar application of t J . I rations can be
performed, changes of the d% gﬁgégﬁﬁgj%e }ﬁhIﬁﬁgNﬁgﬁ%ry cannot be nade
after the device has been, fabricated. Custom zation of the device is
however economcally feasible since only one nmask has to beduseq for the
fabricatio of .t device.. ROM devi ces have been inpl enented using

bi pol ar, ﬁﬂcsEéﬁggcﬁfE% %éﬁﬁbrgﬁpgs. A typical application of ROM devices
is in the inte&%%ce bet ween ¢ s and other devices 1 2 0 JUL

|
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circuit devices, and more particularly, to a method for the

creation of flash memory cells.

(2) Descripﬁion of the Prior Art

Read Only Memory (ROM) devices, also referred to as
mask-programmed devices, are non-volatile memories into which
data is pérmanently stored through the use of custom masks
during the fabrication of the devices. A desired bit pattern of
.thé memory is in this manner imbedded into the device, each bit .
pattern being aimed at one particular application of the device.

Only read operations can be performed, changes of the data

pr—y

contained in the memory cannot be made after the device has been
fabricated. Customization of the device is however economically
feasible since only one mask has to be used for the fabrication
- of the device. ROM devicés have been implemented using bipelar,
NMO5 and CMOS technologies. A typical application of ROM devices

is in the interface between central processors and other devices
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elimnate wait states and inprove system speed. The different data el edTents
are stored in a ROMdevice by the presence or absence of a data patl? Hekt 200%
is formed between a word line (the access path) to a bit line (the sense
line). No. data elenent will be provided if the word line and the bit |ine
are not joined by a circuit elenment. If therefore the word line of a ROM
IS activatt%d, presencg of a signal on.the bit line indicates that a

th .
"1" is storé f“ﬁﬁ?h%l‘f T2 PERERE 1 VS48t Yor el 8 eaBelndev vie% si gnal

on the bit_..ine_indicate t hat "0" is stored in that bit |ocation. The
SERI3FS ‘f’%% Iﬁ%@ltagv?%cg TERELYS Fﬁéﬁeﬁ_%&ﬁ?&‘emnt of NOR functions

i npl ement ation o
or a conplenent of NAND functions. The inbedding of data in ROM devices

(zero or one bit conditions) takes place by selectively omtting a contact.

Fi el d- progra e P devjces are ROM devjces that .are typically
manuf act ur ed%ggn%wﬁ%gﬁt ?%F%s‘?i‘?’ﬁe&t@ G&Gi TE¥F A fr 6 afmEre LY

i ndi vi dualtlh% in order to save overall. manufacturing costs. Some ROV

devi ces are nﬁﬁﬁ?%%‘f%roédagﬁﬁﬂc?h 3§53, PBRR At drfedOrhed PoeeRivicce,
cannot be erased whjle other ROM devices allowthe data to be erased and
re- ent ere&’oﬁgt gf'n? he-hBGFEES et bedh? faRdF atiif el APRREI Fielsudle devi ces

1N | used bj pol ar technol o but these devi ces are
thO JuL %ggg giéﬁ%ﬁ J%QE ge providé& if the word f%ge and the bit line

are not joined by a circuit element. If therefore the word line

?
I of a ROM is activated, the presence of a signal on the bit line
indicates that a “1” is stored in that data element (bit

location). The absence of a signal on the bit line indicates
that a “0” is stored in that bit location. The implementation of
the ROM device uses either a complement of NOR functions or a

. complement of NAND fuﬁctions. The imbedding of data in ROM

devices (zero or one bit conditions) takes place by selectively

omitting a contact.

Field-programmable ROM (PROM) devices are éOM devices that
are typically,manuféctured in small quantities, these devices
are programmed individually in order to save overall
manufacturing'costs. Some ROM devices are manufactured such that
data, once entered into the device, cannot be erased while other
ROM devices allow the data to be-erased and re-entered after tﬁe

device has been manufactured. Initially, such devices
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this tinme also inplenented using MOS technol ogy. The erasable PROM.
(EPROM s) depend on the long-termretention of data, this data is reégi‘,wﬁmm
as an el'ectronic charge and is stored on a polysilicon gate of a MOS

device. The termfloating in this structure refers to the fact that no

el ectrical connections exist to the gate that retains the electrical

charge. T atrge . is therefaore transferred fr the sjli.con substrate
t hr ough ag)%e;&rgrsaﬁ F %irs.’ Sr'lad(’)r%&grog?grg??ﬁljenoclhogﬁ’g&u?g)c%%seer FY3EC5t AES stlor ed
charge nust .he,erased from.the flgatin te. This. erasure can_ be achieved
by exposi ﬁ%‘ltshé”fé% ?omlﬁ\]/eﬂeﬁﬁ?gflé?l’gggﬁﬁetﬁ: BP9 abSufr38* Mt ut es.
This WV |i ,Cr A discharge path for the floatin te. EPROM cells
typically F%@&fs?st?g%?&grﬁ)y ds(?ﬁ’é’ndt Pﬁn&%t]o?ngﬁ&ﬁirﬁgr?’fe‘b‘ifs‘g} e9fb2erEHt® very
hi gh-densiqt ar.ra{y/s of GEPRO\/I cells, The UV light that is required to erase
EPROM cel %ahﬂiﬁe BFEHIhES @t ATPECTHE G &G PENBRE thatt®SROMPcRI|'s  nust
be packaged.in.rel ativel pensive ceram ¢ packages that contain a
UV-transpé’roéfﬁﬁlé\nlﬁ%vﬁaBﬁ!é’?ﬁuwsa&%‘&cﬂuﬂhﬁgt?ﬁ@ HRracddds 1f tRiasure, be
removed fr(%mthe rinted circuit _board and placed in a special UV eraser.
To negat e StHABEENTHI & t8g&8e Efektihatamey edpasabfal PROVSStEREPROM s)
have been ¢ These EEPROM devi ces are inpl enented usi ngeeither

d.
f1 oati ng- Sﬁégﬁtﬁn@e e FPEEOTENG I VMOS T P EEEF BF2 LiGhFF g - The charge

. ti%tured-ggl¥ggéé gggféégﬁyfg%iggtgmmnfjgfgaﬁggan}§§§%§ate t%rough an

' insulator. In order for the charge to be erased, the stored
charge must be erased from the floating gate. This erasure can
be achieved by exposing the EPROM to UV light for a time of up
to about 20 minutes. This UV light creates a discharge path for
the floating gate. EPROM cells typically consist of only one
transistor making it possible to create very high—-density arrays
beEPROM cells. The UV light that is required to erase EPROM

cells however brings with it the requirement that EPROM cells

must be packaged in relatively expensive ceramic packages that

R—

contain a UV-transparent window. They must also, during the
process of erasure, be removed from the printed circuit board
and placed in a special UV eraser. To negate these
'disadvantages, electricaliy erasable PROM’'s (EEPROM’s) have been
created. These EEPROM devices are implemented using either
floating-gate tﬁnnel oxide (FLOTOX) MOS devices or using

textured4polysilicon floating-gate MOS devices. FLOTOX MOS



20 J UlL 2004 devi ces consist of a MOS transistor with two poly gat;gPShHFZMA
textured-polysilicon floating-gate MOS devices consists of three f
poly that partially overlap to create a cell that acts as three MOS

devi ces that are connected in series. In this arrangenent, the

floating-gate MOS device is forned in the mddle of the poly structure,

h
this devi cieviseencapsubated d MosSkERns Ns1deH thot ROV Ae J s deyice wit
hi gh charge retention. The tunneling that is required to af%ect t he charge

transfer tdxdthiredRpbly i Case, fﬁ@gglﬂ%EEE%J'M@§ Q@l@@éybéﬁgfggﬁu?% LRrce

anot her rather than fromthe substraie to the Ioatln ate extured poly
gat es arelﬁw@g@asmﬁﬂoby'@ﬁ#ﬁb@9t§5§§§r655%l B08%e£%¥QP%£hJTERQEtacts

floating poly structure to poly relatlve vol t ge I'S

establ i sheg QBrEQeM@9|&ééid@ér%Hgtbgfg céJH%d% Eﬁnganﬂia”q: leerase

operations. The drain voltage determ nes whet her unnellng occurs from
poly 1 t0atrhangbheat) Nthed318aRinbl oML el 14931100 0 &l RY! 3. The drain

voltage therefore determnes the final state o e menory ce

anot her designeobst e ERRROM-cELLS d S érﬂ% EE@EQ%EQPQ& Whhgh has bee”

naned as such because all "the nenory’ cells can rapi dl'y and ef@ctrically

erased i nsang DpenaleroRo Fhbe: APk GBviOl WRIIDN A ARULE, CANL JE ey f or med
on the entlre:ﬁgnory ar?ég of‘ on selecréd parts oﬁ%the ngnory array ‘down

to the eranureudfelimflicvadual By4esSraM i Brkber MBI Ay [DF £7 @S NG
nﬁghanlsm . .
will, in this case, take place from one poly structure to
another rather than from the substrate to the floating gate.
Textured poly gates are programmed by causing electrons to flow
{(tunnel) from the floating poly structure to poly 3. A
relatively high voltage is established on the poly 3 during both
the programming.and the erase operations. The drain voltage
determines whether the tunneling occurs from poly 1 to fhe

floating gate or from the floating gate to poly 3. The drain

voltage therefore determines the final state of the memory ceil.

Yet another design of the EEPROM cells is the flash EEPROM

which has been named as such bécause all the memory cells can be
rapidly and electrically erased in one operation. This operation
of meﬁory erasure can be performed on the entire memory array or
on selected parts of the memory array down to the erasure of

individual bytes within the memory array. The erasing mechanism




20 J UlL 2004 of the flash EEPROM consi sts of tunneling off the region
between the floating gate and the drain region of the M3S device. 20 JuL 2004
Programing the flash EEPROMis carried out by hot carrier injection into
the gate of the MOS device. Flash EEPROM typically will use the erasure of
relatively Iarge regions of nenory, the floating gate EEPROM s typically

i Lt t f th f
| ndi v duaPEoore et e CRr R iy ot e kG R oy SETUR R REr by
t he er, po ns the control gate a rd |ines of the tructure
whi | eUItOE\e flgw%eir/oaptolinf ggtfah%n?ll%}%ﬁ |(%§l§atr§gl?lh %g\ottkk‘?p#lgﬁl §§er‘if’c‘t ur e,S tﬁe )
t | - t th nt t th
channel uh Z?P%’ G G Ao pa R G e R ERLPD ) SohBoRoREr oie At e over
t he channel ion ferred t he serjes enhancenent - node
transi st of %m%l |°n . Z:é’u Eﬁdgab%ecéifgé%\ﬁhgﬁst BVLE 1 esBr HER ™M a positive

char ge gmal n on tgﬁ floatin ate invertj n%rthe channel under floating
c

gate. The"¥B&r§% SR nt i hode EEnSE sFOT 2 pra/ent 8T IE nESFABYW & current

fromthe sour ce %&1 23 éaln ret% ons _of the MOS . device. A nenory array is
addr essed" V& Hddr Es<s "HREON i FEGREHYS Y%Cé‘é&ﬁ’sﬁ'%grlﬁ‘?r%’c%ﬁrd line or

X-11ne decoder and t line 5
parate se: ec% transis or which allows for the erasure of

individual bytes.

Most flash EEPROM’s use a double poly structure whereby the
upper poly forms the control gate and the word lines of the:
structure while the lower poly is the floating gate. In a
typical structure, the control-gate poly overlaps the channel
region that is adjacent to the channel under the floating gate.
The‘extension of the control gate over the channel region is
referred to as the series‘enhancement—mode transistor and is
required because when the cell is erased, a positive charge
remains on the floating gate inverting the channel under
floating gate. The series enhancement-mode transistor prevents
the flow of current from the source to the drain regions of the

MCS device.

. A memory array is addressed via address decoding circuitry

that consists of a word line or X-line decoder and a bit line or




20 JOL 2064 Y-1ine decoder. The nenory cells that are at the intersectZilodul 2u5
of the X-line and Y-line decoders formthe nenory cells that are

addr essed by the address that has been provided to the decoders. Figs.

| aandl bshow the conventional structure of an EPROMcell array. Were Fig.

| a shows a cross section of an array of EPROM cells that is taken in the

X-directiong ;i HeddtePNOMEe 3111&1{&%5 cel® ttl?%t %]:;:fet gltstﬁl% rﬂ%’tﬁqﬁet&ei

Y-direction and taken along the °line Fig e active® reglons

in the SUEf@ce pfnd hea SUBSLL aldolar eogh astd teal kgteéﬁ ated by the field

oxi de | ayers For the purpose o e exanp S shomn n Flgs la

and 1D, Sgﬁké%ggﬁ'b@t%héegﬁﬁ%é§ﬁsfiggRﬁﬁ%y Sert @%%ﬁ% iy gyb%%%%%e F5 - As a

first step 1n the creation o evic ayer not SROWAY * of
sacrificial silicon oxide is grown on the surface of the p-type substrate
to clean the edge of the field oxide regions 12, that is to renove or

im "bi.rd' f field i de that
teral |y oxt GF a?a%%%“ﬁwe tre ongPRERRT] aiki °”§.u|§a ?’Egﬁ?rﬁjﬁ%ﬁﬁgf% |

[ 1 |de regi ons. The |l ayer of sacrificia
gyp:ggn XXI é} e% l%tr pﬁ éwﬁef O@ﬁdﬁfﬁlBP Phelt Y 6%i §BRPYayer

14 ‘ ons, af e urfac the supstrate. The thin |ayer
14)o;ntuc%§l%gkﬁ g ﬁgg of He oveF ?h%? %5§@H gb?fa@% Ft°"% Re C&8BStrate 10
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line 1b-1b’ of Fig. la. The active regions in the surface of the
substrate 10 are electrically isolated by the field oxide layers
12. For the purpose of the example that is shown in Figs. 1la and
1b, the substrate selected is a p-type conductivity substrate.
As a first step in the creation of the EPROM device, a layer
(not shown) of sacrificial silicon oxide is grown on the surface
of the p-type substrate to élean the edge of the field 6xide
regions 12, that is to remove or limit the extend of the “bird’s
beak” (regions of field oxide that laterally extend from the
body of the field oxide region) that is typically part of the
field oxide regions; The layer of sacrificial silicon oxide is
then stripped before growth of the tunnel oxide (layer 14) in
the active regions of the surface of the substrate. The thih
layer 14 of tunnel oxide is formed over the exposed surface of
the substrate 10 including the surface of the field oxide layeré ‘

12. A layer of polysilicon (poly 1,not shown) is deposited over




6 2 O’JUL 2004 the surface of the | ayer 14 of gate oxide, this layer @0 JUL gy
poly.is ,selectively etched and fornms the layers 15 that function as the
floating gates 15 of the EPROM devi ces. A second | ayer 16 of _
inter-polysilicon. ONO is deposited over the surface of the floating gates
15. The gate structure of the EPROM devices is conpleted by the overlyi Rg
| ayer 18 ofnpo iogh r n te stri 8 that.runs in the
X-directi onhgfélﬁéaen@;r?gr f/flgajrj%}é%/é]?lnl;t %%c%%géc I ndgaé’attélllgjr%ﬂ/?%‘/ %E p(?gllft 3l ]
gates in t j i h f-al igned_floating gates are for at the
sane time Egiesce e‘{:etelﬁ%/ggg?%%i %&%q%e t%ﬁsg?%%rsonlé’ glhgg glfm‘t?% o gaffgg‘f i

el ectrode , -Ly L ppl.ant. J.s_perfornmed on the ther side of the
gate el ect?%%lée:&sr% %?Qgtﬁdglgn{)g% ee%sﬂﬁi)yaggvb?es_tﬁes GBEFrg?%e’ioll St gg t he
n-type sou 28), .reqi.qns t.he ., unmasked side of th ate_el ectrode

st ack and {Lﬁg?%é%lgrsﬁgégc}%f He §§6’§F%§F§ 96T The ﬁPF?ﬁ el?ﬁ)lté’rﬁ eﬂ i ons
can be fur . iven_.into t.he surface of the substrate to nake the source
regi ons 28£g§£etpln$e&a§ﬁ§.ﬁ$bnﬁ}e agr?t §%5FCLQ{§,§§S§?’§ BE??%r%‘ﬂlcqsﬂﬁé tEe
substrate arm(nore shal | gw). N+ doped drain regions, 26 on the other

si de of th&e&}n Ate ggt 'r?%%leovs rg‘ Ry &ﬁ\ygﬁelgo% ®ELYr ekl 258N Yhfisul at i nlg
| ayer 20 i epgsited over the . structure that also covers the gate contro
strips 18.5?%e%ﬂn§§%ea?1érjr%c@ itrl?a:thir’énFa%rtr}tﬁ %4-AdGration Hodwe RECAY ai n
regi ons 26 '

’ drray interconnecting a plurality of control gates in that
’ direction. The self-aligned fioating gates are formed at the

same time by selective etching. While masking one side of the
‘gate electrode stack, an n-type implant is performed on the
other side of the gate electrode stack and into the surface of
the substrate 10 forming the n-type source (28} regions on the
unmasked side of the gate electrode stack and in the surface of
fhe substrate 10. The n-type implanted ions can be further

driven into the surface of the substrate to make the source

regions 28 deep regions. Ion implants of n-~type are performed

g g

‘into the substrate to form (more shallow) N+ doped drain regions
26 on the oﬁher side of the gate electrode stack from the source
regions 28. An insulating layer 20 is deposited over the

" structure that also coveré the gate control strips 18. Openings

are made in this layer of insulation above the drain regions 26.
Electrical contact is established with the drain regions 26 of

the structure by means of a plurality of metal strips 22 that




El ectrical contact is established with the drain regions 26 of the
structure by means of a plurality of metal strips 22 that 7 2 0 JUL 2hdYL 2004
are creatqd in the Y-direction. On the other hand, the source region 28 is
contacted (not- shown in Fig. Ib) by netal Iines that have been extended in
the X-region of the array. A coating 24 of insulation overlies that netal

strips 22-argeolrcrtea@egPﬁo\MeeM—aﬁ@e%i&@.vgogpgt%g tsﬁﬁé’% afh i aagoLdapce wth

Figs. la an b, when the drain region n e control strips 18 are

kept at aNilonVobt 9 dildR bNenSCULLS AU 2042810] S GRLLA! 1 BpLow of

ground voltage, hot electrons that are created in the channel T e&gi on

bet ween t 0 i r,e@l. o e injected .intq the floating gate.
SRR PO el e Tt BChE e e e OBt v ha

A "0" value is efore stored i n e v

is appli [ t L. ectron have acgumul ated in the: nenory
cell are %ﬁsgﬁaﬁgg i%%%ﬁ?fﬁ%§?ﬁ§8a£gaeI%%%%gsgfﬁ?% in the nenory cell. US
5,721,441 (Lee) and US 5, 658,814 (Lee) show a nethod and structure for a

Flash mermory Cel | conprising: double floating poly and double poly etch
RN R SLCLIEE S A
with Figs. la and 1b, when the drain region 26 and the control
strips 18 are kept at a high voltage while the source region 28

is kept at a low or groﬁnd voltage, hot electrons that are

created in the channel region between the source and drain

regions are injected into the flocating gate. A “0” value is
therefore stored in the memory cell. When the voltage that is
applied is reversed, the electrons that have accumulated in the

memory cell are discharged resulting in a “1” being stored in

the memory cell,

US 5,721,441 (Lee) and US 5,658,814 (Lee) show a method and
structure for a Flash ﬁemory Cell comprising: doubie floating
poly and double poly etch process to form overlapping TXs, see

- Figs. 3 through 7, also see claim 1. This is close to the

invention.



US 5,107, 313 (Kohda et al.) shows a flash menory process w th closelyy JulL o4
spaced FG s and one overlying CG This is close to the present invention,
see'Fig." 10. US 5,744,834 (Lee), US 5,620,913 (Lee) and US 5, 610, 419
(Tanaka) shows ot her nmenory process. SUMVARY OF THE | NVENTI ON A principle
objective of the invention is to provide a nethod of creating adjacent
floating gates_qf _a %hﬁig%nennry array that do not overlap. Another

obj ective of tH8 Pnb (’ohdg shathlly SEH§ce &tasRITRIGat BT PESRAge
current between_adj acent floating gates of a_flash nenory array. Yet

anot her oBji&&t FYesetY tTRAG &R FoRNT sORQ BISTAYARE eCC pdttastt iLal céPaet®? cal
shorts between adjacent floating gates of a flash nmenory array. A stil
further objPScPreeent theentivent 56A F59t+dProvide a new insulation |ayer on
the sidewalls of floating gates thereby 9 2 0 J UL 2004 further reducing

t he | eakage current between adjacent floating gates of a flash nenory
array. A still further objective of the invention is to reduce the space
bet ween adj aceH® ?fb“a‘Jtrigﬁ’g’)H da&ees . of S a° F12s P 1aedbey) axrhys hérebyl? educi ng

the required cell surface area of a flash
{Tanaka) shows other memory process.

SUMMARY OF THE INVENTION

A principle objective of the invention is to provide a
method of creating adjacent floating gates of a flash memory

array that do not overlap.

Another objective of the invention is to sharply reduce or
eliminate leakage current between adjacent fioating gates of a

flash memory array.

pT—

Yet another objective of the invention is to eliminate
potential electrical shorts between adjacent floating gates of a

flash memory array.

A still further objective of the invention is to provide a

new insulation layer on the sidewalls of floating gates thereby



menory array. In accordance with the objectives of the invention a new JUL 2003
method is provided for the creation of floating gates of a flash nenory :
array. The floating gates of conventional flash menory devices are forned
using a si-ngle polysilicon deposition followed by a single polysilicon

etch. The invention provides a nethod that allows for the reduction in the

spacing b j | oat i ates b rovidi ng,.a doubl ol ysilicon
dgposition ¥oﬁ?5mggbﬁ§fi?(ﬂ?&b?éag%?gs? ﬁ%ﬁﬁ% §?§He%ﬁ(§§%§§en hgﬁog?b%%zs ?f

the invent] starts.wt,h the formati on of FOX regions in a sem conductor
surf ace. EF%%FrE?,StE%%%}“5¥P5§ 7§"*¥ormed on all exposed silicon surfaces

due to the nature of the thermal oxidation. After the first layer of poly
has been patterned and etched, the tunnel oxide can be wet gleaned in |

i i i i i tterne
Formng & firof SB bl 153t RO GHTEE Bel TEnbreth 4t - Sof of RSP ayeres of
first tunnel oxjde and rtially overlying 10 20 JUL 2004 adj acent FOX
regi ons. RPSFSné% ETT S JP&?&L %}Oﬁ\‘]@‘—{@ 6FnBY 2 VerShk METSKY aEERABf t he

first t of the floatin ates, over the FOX regions and over the exposed
e cond tggfegﬁﬁ%‘g c.m%&gef FRIUiies & ldf SBRERTS B8% O defy2snoved over

sem conduc :
t he sem conduct or ;urface where as yet no floating gates have been

created. THECTY array.
)

In accordance with the objectives of the invention a new
method is provided for the creation of floating gates of a flash
memory array. The floating gates of conventional flash memory
devices are formed using a single polysilicon deposition
followed by a single polysilicon etch. The invention p;ovides a
method that allows for the reductioh in the spacing between
adjacent floating gates by providing a double pplysiliéon
deposition followed by a double polysilicon etéh process. The

process of the invention starts with the formation of FOX

p—

regions in a.semiconduétor surface. At first, tunnel okide is
formed on all‘exposed silicon surfaces due to the nature of the
thermal oxidation. After the first layer of poly has been
pattexned and etched, the tunnel oxide can be wet cleaned in
alternatiﬁg regions. A first layer of poly 1 is deposited and
patterned forming a first set of floating gates over the surface

of the layers of first tunnel oxide and partially overlying

10




secoﬁd tunnel oxide is formed over this latter surface, a second bla %p&m_2m4

deposition of poly 1 is perfornmed, this layer of poly 1 is patterned to
formthe second and final set of floating gates overlying the second tunnel
oxi de. A second layer of ONOis formed over the surface of the floating
gates, a layer of poly 2 is blanket deposited over the layer of ONO and

pat t er ned 449 LehMm FétterecgtNt%golAget qﬂ%tft S TR SLTHGLIE. BR' EF
DESCRI PTI ON"OF THE DRAW'NGS Fi gs and sho a cross section o

convent i O%@'er@%ﬁf&“&cet %ﬂfethg‘sfipé‘é Qsl\gt o'nghe afforeocv:}.%gr grcggs (%S\?Crtl on of

an EPROM structure in an direction Ss section of the

S k8! FUEL S L ngtf@@é'%%ﬁms%% Eelt dontnle 8303 EE R . i T oL

2d show a series o processi ng ste t "are armnme par creatlng

hat _haye b
hown Fi 8- bt 08 SRos 1&g ﬁ?féﬁ%‘i ”%e“ %%&?%f%%%ﬁ%ﬂ
that rel a%ﬁr‘fgﬁé hﬁhe% l.?. é{ %tgtg efP{EHZtlI;'l%g%raSz‘a ave I} Cr%l?vl% UCt ures.

The draw ngs's 2a in om1t bet ween
adj acent geggﬁdr%hnnel oxide is formed over this latter surface, a second

blanket deposition of poly 1 is performed, this layer of poly 1

is patterned to form the second and final set of floating gates

‘\:«_«’".

L
overlying the second tunnel oxide. A second layer of ONO is
formed over the surface of the floating gates, a layer of poly 2
'is blanket deposited over the layer of ONO and patterned to form

the control gates of the flash memory structure.
BRIEF DESCRIPTION OF THE DRAWINGS

Figs. laand 1bshow a cross section of a conventional EPROM

structure, as follow:

S’

Fig. la shows a cross section of an EPROM structure in an

X-direction,

Fig. 1b shows a cross section of the same EPROM structure

in the Y-direction.

11



' is allowed (as is patents relating to the will exist between L
??ggzenthy stated(in curPent art), a conductive polysilicon path adjgébﬂp 2004
floating gates. This is due to the nature of the stack gate etch. These
conductive-paths are highlighted as paths 42 and 44 in Fig. 2d. Theh ]
processing steps that are highlighted in the drawi ngs of Figs. 2a throug

2d use two et clFigfsepaf Qhrbﬂ%h %egltl&gna og%%.gé' acent floating gates, as

' ' dj acent
follows: FEig. 2a shows a cross section of Eﬁéﬁb§FFF6ﬁséﬂ9tﬁbePa
f1 oati ng dg%%sa&ﬁda&m@énﬁﬁopagatalbyemréi&ﬁﬁgnaﬂung@Mrggggcga¥gtﬁgbstratE,

bef ore thatst agkpgake ¢t I 2b. shows the cross section o
deposithon,oféfhg tmgeag?gcg%gc??%ﬁﬂqrﬁf%ﬁﬁ(&?a§fﬁéﬁeth96po$yowﬁ trhe

control gdt&s-has EbéﬁUEbnbdedho@fiéwtdfnagﬂlqghtsEﬁggP§§e%€§%£taCk gate

i i 2 20
tch i.e I e ch. This cross section ¢ the 12
guf 2004 nggggég(5&?Eo¥gi%%505ﬁt?Qﬁ ‘gEtrEthgtasri sfsthe 4he gverl appi ng

forming EPROM structures. The drawings shown in Figs. 2a

é through 2d show that, if overlap between adjacent floating
? gates is allowed (as is frequently stated in current

ipatents relating to the art), a conductive polysilicon path

wWill exist between adjacent floating gates. This is due to

- the nature of the stack gate etch. These conductive paths

are highlighted as paths 42 and 44 in Fig. 2d.

The processing steps that are highlighted in the
drawings of Figs. 2a through 2d use two etch ateps for the

creation of adjacent floating gates, as follows:

Fig. 2a shows a cross section of the deposition of two-

R

adjacent floating gates and a control gate over the active

surface of a substrate, before the stack gate etch,

Fig. 2b shows the cross section of the deposition of the
two adjacent floating gates after the poly of the control gate
has been removed, after the first stage of the stack gate etch

i.e. control gate etch. This cross section clearly shows the

12




area, Fig. 2c shows a cross section of the deposition of two adj aceng g JuL 2qp4
gates after the | ayer of ONO that overlays the floating gates has been
renoved, after .-the second stage of the stack gate etch, i.e. ONO etch, the
control gate..residue remains in place, Fig. 2d shows a cross section after
t he adjacent floating gates have been reaned This is after the |ast

st age of a g tc Resi.dues of the floating
gate (42%Qr§é(rjr§taig nFtJ(q) tfgggre\/\go? %I goatoche)e/ tr%lggi XlStf4 aits%gl s & ?‘—ﬁp e

pl ace. Lgs. 3a through 3L show series of cross sections that highlight
t he process of the invention, as follows: Fig. 3a shows a cross section
after a |l ayer of pad oxide has been grown over a sem conductor surface and
after a | ayer of nitride has been deposited masked and etched, Fig. 3b
shows a cross gecti %fter the Field C)xrdef % vgtion regrogs have been
created thereby eétricafly Cr%ﬁﬁ ﬁ@ﬁﬁjoﬁhg PROTHAE ea®® 13 2 0

JUL 2004 3¢ sh Ws a_.cros ction f the nitriide h s b en renoved
fromthe gu??%ﬁﬁf & b %rOX| qﬁ%? B hﬁérEﬁﬁFzﬁﬂ? tla¥fe BHdel

regions for,the active devrce
egi ons 8ates‘%as‘been removeg é%@er %%e second stage of the stack gate

etch, i.e. ONO etch, the control gate residue remains in place,

R——

Fig. 2d shows a cross section after the adjacent floating
gates have been removed. This is after the last stage of the
stack gate etch, i.e. poly 1 etch. Residues of the floating gate

(42) remain in place while all the residue 44 is also still in

place.

. a i‘" '
Figs. 3a through 3L show series of cross sections that highlight the

process of the invention, as follows:

Fig. 3a shows a cross section after a layer of pad oxide
has been grown over a semiconductor surface and after a layer of

nitride has been deposited, masked and etched,

Fig. 3b shows a cross section after the Field Oxide
isclation regions have been created thereby electrically

isolating the active surface areas,

13




inplénted, | Fig. 3d shows a cross section after the |ayer of pad oxig% JUL 2004
has .been.renoved prior to the formation of the tunnel oxide, Fig. 3e Shows

a cross section after the formation of the first tunnel oxide and after
the deposition.of the layer of poly 1, Fig. 3f shows a cross section after
the masking and etching of the layer of poly 1 thereby formng the first
set of floating;gates ythe %ecplcbsgs ggt%‘l 5 te%st‘!:‘_‘%t h?@r#@é’%{ 0% ONO and

the step of dep05|t|ng, i ng and etc ayer hotoresi'st over

t he surfac o nel, -oxi.d s 1.0, _be_forned. FI shows a
Cross sect?on a ter t gﬁge%%%% dfaf% aclleOero gﬁgu artt ‘%IEN% over the
surface wh i de orned nd t step of
renovi ng o%fgﬁéhgm%gﬁgggg%stég¥%f §89 ttﬁ.%éﬁf eFlSYlﬁﬁsgﬁﬁﬁ% 2 Cr oss
section affer; row h of the second tunnel oxide, Fig. 3i shows a cross
section after the Second deposition of a layer of poly 1 and the masking
of the layer of poly 1, Fig. 3] shows a cross section after the etching of
the second |ayer of poly 1 thereby form ng the second set of floating

gates and Fhe %%EQV§E Qﬁo&guglé%%%% géc {gg(%f%%&sghe layer of pad oxide

has been removed prior to the formation of the tunnel oxide,

—

Fig. 3e shows a cross section after the formation of the
first tunnel oxide and after the deposition of the layer of poly

1,

Fig. 3f shows a cross section after the masking and efching
of the layer of poly 1 thereby forming the firsf set of floating
éates, the deposition of an insulation layer of ONO and the step
of depositing, masking and etching the layer of photoresist over.

the surface where the second tunnel oxide is to be formed.

Fig. 3g shows a cross section after the removal of the
layer of insulation of ONO over the surface where the second
“tunnel oxide is to be formed and the step of removing of the

photoresist,

14



Fig. 3k shows a cross section after the etch of the insulator and ghean Bg,
process, Fig. 3L shows a cross section after a second |ayer of ONO has
been created, the layer of ONO is masked and etched to form a |ayer of ONO
overlying the. floating gates. A layer of poly 2 is deposited, nmasked and
etched. The etching of the layer of poly 2 creates the control gate and
exposes the sh%_wa%%ss nghe control gate, source and drain inplant take
place at this paint. °“Sphcet % £6FRA" o 19 O6nfFBY tYdtle Witdewal | (not
shown) . T%gc o)) 3%%%%lof c&eati ng the EPROM can then be continued follow ng
standar d back pr6ceSE“95 20 JUL 2004 Figs. 4a through 4e show an
overview of the process of the invention, as follows: Fig. 4a shows the FOX
formation, the first tunnel oxide formation and the first poly | floating
gate fornatioQ“ Fig. 4§ shows the first ONO formation, Fig. 4c shows
~partial cleaning of*t RBENG ISKPSS SRATEPR 2id&doibet BRFRIC fimpeatténn Fig. 4d
shows the eCﬂpd 0I¥ 1%{Ioating gate formati on, and Fig. 4e shows the
second G\ﬁ‘ ForfeEr oRT aRT¥ He 3961 2 Bemkirg fateedépwsy tafomolwadki ng and

et chi ng.

Fig. 3j shows a cross section after the etching of the

second layer of poly 1 thereby forming the second set of

arzt”

floating gates and the removal of the layer of photoresist,

Fig. 3k shows a cross section after the etch of the

insulator and cleaning process,

Fig. 3L shows a cross section after a second layer of ONOC
has been created, the layer of ONO is masked and etched‘to form
a layer of ONO overlying the floating gates. A layer of poly 2

is deposited, masked and etched. The etching of the layer of

R

poly 2 creatés the contfol gate and exposes the sidewalis of the
control gate, source and drain implant take place at this point.
Spacers are formed on the control gate sidewall (not shown)} . The
process of creating the EPROM can then be continued following

standard backend process,

15



DESCRI PTI ON OF THE PREFERRED EMBODI MENTS Adj acent floating gates of g JuL
EPROM devi ce can essentially be created using one poly deposition and one 2004
poly etch. To conbine the best features of adjacent. floating gates, and

to reduce:.the space between adjacent floating gates, adjacent gates are
under the process of the invention etched in two steps, that 16 is a

doubl e floating.goly4ge Q§itiogean a doublevpoly gtth to forn1%h
floating gates. “Fhi s*F so i er Shi §RT i Ght BTV ASE §5. 1 Fa PTORPSgRT 21 whi ch
are di scussed next. Usi current processing technol ogy, one of the nmjor
factors tHAYPEAPEr (R {%ﬂ%ﬂWsof the flash menory size and therefore the
cell size, is the large spacing that occurs between adjacent floating
gates. For current 0.35 Amtechnol ogy and using LOCOS isolation, the

m ni num spaci ng,.bet yween floatin ates is 0.4 Am _For current 0,25 Am
t echnol ogy usi%égs 2j ?%ﬁjﬂgﬁ 99%e£°?ﬁﬁﬁﬁﬁﬂh EPECT M bt RBEY PEOSEI ng gat es

is 0.27 Am_ The.l arge aci,ng, bet ween adj acent floatin ate is required
to preveng%rgﬁg?aa %@3?%%%%éﬁgFeﬁ?¥§f%ﬁﬁé%%ﬁppiﬁ@t% ‘ﬁﬂ%ﬁggafacent fl oati ng
gates, which are typically used for charge storage. The nain objective of

the invention is to significantly reduce the spacing between adjacent

{1 0ating gatescuhil g al, Lfle RaTE; LLI% i ALaLpL g, sl | 1 eakage current

: } ' Fig. 4c shows partial cleaning of the ONO layer and the

second tunnel formation,

Fig. 4d shows the second poly 1 floating gate formation,

and

Fig. 4e shows the second ONO formation and the poly 2

control gate deposition, masking and etching.

e’

DESCRIPTION OF THE PREFERRED EMBODIMENTS

Adjacent floating gates of an EPROM device can essentially
" be created using one poly‘deposition and one poly etch. To
combine the best features of adjacent. floating gates, and to
reduce the space between adjacent floating gates, adjacent gates

are under the process of the invention etched in two steps, that

16



| | - Figs. 2a through 2d show a cross section of the methods that are
presently used in the art to forman EPROM devi ce, these |ayers are ?ﬂeJUL2M4
following: regions 30 are the field oxide isolation regions, |ayer 32 is

the gate oxide |layer, layer 34 is the (etched) poly 1 of the first

floating gate, 35 fornms the side- wall insulation between the first (34)

d th d {40} 17,2.0.J U L 2004 floati te, | 36 is the |
of i ntor - pet v RS G tive pepAgtpett REVLaRy"3 Brbf N A ngdte whil e

| ayer 40 i (etched) adj.acent, or second.fl oatipg. gate, .The sidewall
insulatioﬁ§§%p§gfm§%%agﬁ%gf?%%ﬁé‘(%ﬂfsaﬁﬁ fﬁé}qﬁ§c ﬁaﬂgh%3t64|%£atrng gates is
provi ded tragsediCe @k nt...k age .current. between adjacent floating
gates. The processingggﬁgﬁﬁthg%ggﬁI% db%“ﬁﬁ%fﬁ%ﬁx%fter the |l ayers as shown
in Fig. 2a have been conmpleted is the self-aligned gate etch (SAG, this
SAG etch forns part of the conventional flash process. The SAG etch '
essentially contains three steps, these steps have been shown in. cross
section in Fi g¥sigh ¢hmsughpReteskiigy 2rebovsy a oee0ss thserhion after the
unwant ed il ayer 38 (Fig. 2a) has been renoved. Fig. 2c shows a cross
section afftf&tornetiedydinBe the PNOK Fifgthe 2dpnshaselesnsteaowad. Fig. 2c
shows a cross section after the :
therefore the cell size, is the large spacing that occurs between

Eadjacent floating gates. For current 0.35 pm technology and using
i LOCOS isolation, the minimum spacing between floating gates is

0.4 pym. For current 0.25 um technology using STI isclation, the

; minimum spacing between floating gates is 0.27 um. The large

; spacing between adjacent floating gate is required to prevent

5 charge leakage current from occurring between adjacent floating
gates, which are typically used for charge storage. The main
objective of the invention is to significantly reduce the spacing

between adjacent floating gates while at the same time

~maintaining small leakage current between these gates.

N

Figs. 2a through 2d

show a cross section of the methods that are
presently used in the art to form an EPROM device, these layers
are ﬁhe fqlloWing: regions 30 are the‘field oxide isolatieon
regions, iayer 32 is the gate oxide layer, layer 34 is the
{etched) poly 1 of the first floating gate, 35 forms the side-.

wall insulation between the first (34) and the seébnd (40)
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gate oxide layers 34 and 40 (Fig. 2a) have been renpved. The etch JUL
processes that are applied for the various procedures are, in order %B 2004
control critical dinmensions of the device, anisotropic etches. Were the
first floating gate 34 and the second floating gate 40 are overlapping in
design as shown in Fig. 2a, it is very likely that sone of poly of the
overlap will remain in place after the etch has been conpleted. This is
shown i nIfPgting whete lsyss $42)s ofhea Havpel 9f linferpeliisidticéh odng gate
34, sone (46) of the layer 36 of ONO and sone (44) of the layer 38 of the
poly 2 of 1fHercédhtidlthgarelyednphstlian qendecel a8t 2hillel 12064 Ihiiss rgsi due
will forman electrical interconnect between adjacent floating gates in
the bit-|i(§EcBPEbcadinresdusingectrt ti.oadringayaté eviiles soHlewedkage currents
bet ween adj acent floating gates. The invention is ainmed at prevention this
resi due, #Raglation i pedwdee thmtfinss Uedh shdwhd rsecooss (4@ction in Fig.
2d. The conventional processing sequence to formfloating gate structures
for an ERPROM Hey it asan sherevhded itrededectobt awszvenEOXehbagat ¢wrrentt unnel
oxide formation - poly 1 floating gate deposition - ONO formation - poly 2
control gketverposiiEcosnt fhskiing ardestcAhagprerbsing step that will

be applied after the layers as shown in Fig. 2a have been

completed is the self-aligned gate etch {SAG), this SAG etch

forms part of the conventional flash process. The SAG etch

essentially contains three steps, these steps have been shown in
cross section in Figs. 2b through 2d. Fig. 2b shows a cross

section after the unwanted layer 38 (Fig. 2a) has been removed.

Fig. 2c shows a cross section after the layer 36 of ONO (Fig.

2a) has been removed. Fig. 2¢ shows a cross section after the

gate oxide layers 34 and 40 (Fig. 2a) have been removed. The

etch processes that are applied for the various procedures are,

in order to contrel critical dimensions of the device,

anisotropic etches. Where the first fleating gate 34 and the

second floating gate 40 are overlapping in design as shown in

Fig. 2a, it is very likely that some of poly of the overlap will
‘remain in place after the etch has been completed. This is shown

in Fig. 2d where some (42) of the poly 1 of the first floating

gate 34, some (46) of the layer 36 of ONO and some (44) of the

layer 38 of the poly 2 of the control gate remains in place.
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spacer formation followed by back-end processing. The cross sections %@BWﬂJ

in Figs..la and Ib indicate the disadvantages of this approach, as L 2004
follows: - |arge spacings between the floating gates which results in

| arge areas required for the EPROM cells, and - bad poly 2 topol ogy which
results in unwanted cracking of the poly 2 at shared corners of the

credated pql.,y, profile. 19 2 0 JUL 2004 The processing sequence that is

hi ghl i ght e Jlfn&&“ﬁfla wihl $9pbhEgh ekegtr stathiigRer gprRe G thdgtmeeass of t he

invention._ Referring now specifically to Fig. 3a, there is shown a cross
section af% ra9§thFﬂ°?F&R9nﬂaQQ§yéP Ig o@lﬁn%}néxﬁéée¢ﬁﬁﬁnlﬁ?@ﬁlQHOQhODWer a

sem conduct or, surface 10 and after a layer 14 of nitride has been

deposi t ed, ’hﬁ?&/@d ghalatchdfaknne greFenfes betvwgad ediaesitddlicayengl? are
etched to | eave the openings that expose the portions of the silicon
substraIGBQﬁfqﬁhe?Belb INTIRH dat roRedi 2 Rrgvensiae ethitheasdduexi teat ayer is
deposi ted .on are silicon after the silicon surface has been cl eaned.
The |ayer C5H§| §’F§l%’fe 704t g6 Rfith GharoirafgosansarticrermaFig. 2down on
the surface of the wafer. The purpose of this layer is to cushion the
transition of the stress between the silicon substrate and the

subsequent |y degosited | ayer of nitride. In
, The conventional processing sequence to form floating gate

structures for an ERPROM device can be summarized as follows:
- FOX formation
- tunnel oxide formation
- poly 1 floating gate deposition
- ONO formation
- poly 2 contrel gate deposition, masking and etching, and

- spacer formation followed by back-end processing.

The cross sections shown in Figs. la and 1b indicate the
disadvantages of this approach, as follows:
- large spacings between the.floating gates which results
in large areas required'for the EPROM cells, and
- bad poly 2 topology which resulté in unwanted cracking
'of,the poly 2 at shared corners of the created poly

profile,
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general, the thicker the layer of pad oxide, the |ess edge force is l:hei UE}
transmtted fromthe nitride to the silicon. On the other hand, t il RUE 2004
| ayer of pad-oxi.de will render the nitride |ayer ineffective as an

oxi dation mask by allowing lateral oxidation to take place. Therefore, the
m ni mrum pad-oxide that w |l avoid the formation of dislocations should be
used. As a rule of thunb, the m nimumthickness of a thernmally grown oxide

| ayer shoul d bES%PICELSEIBRSTHIT et hRathi¢kriedd iohteeunder iRig. Bayer.
Typically, a bl anket pad oxide can be forned to a 20 2 0 JUL 2004 thi ckness
of about Eﬁ@%sFtlrgongfdhhb@gwgﬁlttshéhﬁapr@&%mtdﬁ)rthenénhemtmn.a t enper at ure

of about 920 degrees C. for a tine period of about 480 m nutes. One

requi renent of using nitride layers with CMOS processes, such as the LOCOS
process or the growh of field oxide regions, is that the nitride |ayers
must be patt erifd@rréas| pow rendve focedégsto nfjy.eBar, athene f o frosind 20xi dat i on
with [little or no critical dinmension bias. Critical dinension bias is

defi ned a%*qdfe sgictfenepteey m d&hfisatbeenakakayeenant obepad eoxaid hakt er a
process flow step, such as conparing the dinmension of a feature before

bei ng et CIRAP STPWAf PEET t hesamticipnidectonpéeteche Theantayered 4 ofayeirl Leon
nitride (Si3Ni 4) can be deposited using LPCVD or.PECVD procedures at a
pressur e Petiieedhdgbbas Bo0 Preesisnd, masked and etched. The nitride 14

and the oxide‘layer 12 are etched to leave the openings that

i expose the pertions of the silicon_substrate 10 where local
oxidation will take place. The pad-oxide layer is deposited on
the bare silicon after the silicon surface has been cleaned.'The
layer consists of .20 to 60 nm. of $i0:; and can be thermally
grown on the surface of the wafer. The purpose of this layer is
to cushion the transition of the stress between the silicon
éubstrate and the.subsequently deposited layer of nitride. In
general, the thicker the léyer of pad oxide, the less edge force

is being transmitted from the nitride to the silicon. On the

“in”

other hand, a thick layer of pad-oxide will render the nitride
layer ineffective as an oxidation mask by allowing lateral
oxidation to take place. Therefore, the minimum pad-oxide that
will avoid the formation of dislocations should be used. As a
rule of thumb, the minimum thickness of a thermally grown oxide
layer shpuid be at least one-third the thickness of the nitride

layer. Typically, a blanket pad oxide can be formed to a
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400 mforr, at a tenperature between about 600 and 800 degrees C., t
tgickness bet ween gEout 200 and 2000 Angstrom using NH3 and Si H4. T%éﬁJULZW#
silicon nitride |ayer 14 can also be deposited using LPCVD or PECVD
procedures’using a reactant gas mxture such as dichlorosilane (Si Cl2H2)

and anonia (NH3). The silicon nitride |layer 14 and the pad oxide |ayer 12

can be weihielkeked usi Ago@t bufd ahedexhde, & ant lt&%%%%/ d)m%a%géme

conprise a m xed solution of fluoroanmoni um and f rogen 7:1) and

phospher | etgiod @l bl taperthturdl Lot 183 d1aaReal £0 £l 2 Qufil 2004 pe

etched using anisotropic RIE of the silicon nitri ayer , using CHFs

or SF6-02 agid@ 6kChBdtt JME rdinhice@n nitride layer 14 can also be dipped
into phosgﬁ%ﬁic acid (H3PO4) tg be renoved; the thermal oxidation |ayer 12

can be dipped into hydrogen fluoride (HF) to be renoved. Fig. 3b shows a
cross section after the Field Oxide 1isolations regions 16 have been

created therebanglggéﬁifgﬁédt oksgggﬁ&rg&gﬂyﬁéaggkggss&g&gQ%P%reas of the

device. Field Oxide (FOX) isolation regions are used to ectrically

| sol ate aprbNBsgey] car hal BEer6esatAb AL he BN A66.0L A ser conduct or

substrate, the field oxide layer 1 ~ther nal ( noh Sf_than
3000 angs%&@ab'f@éiﬁﬁ%}nQ§stha¥hgﬂet&E%de@ Qagékgeﬁﬁé% %pggttgrgegc Ve

regions remai n covere
early in the process in preparation for field oxidation with

g little or no critical dimension bias. Critical dimension bias is
defined as the difference in a feature measurement before and
after a process flow step, such as comparing the dimension of a
feature before being etched and after the etch is completed. Ther
layer 14 of silicon nitride ' (SiiNi4) can be deposited using LPCVD
or PECVD procedures at a pressure between about 300 mTorr and
400 mTorr, at a temperature between about 600 and 800 degrees

C., to a thickness between about 200 and 2000 Angstrom using NHs

and SiHs4. The silicon nitride laver 14 can also be deposited

Le—

using LPCVD or PECVD procedures using a reactant gas mixture

such as dichlorosilane (SiCleé) ahd amonia (NHz).

The silicon nitride layer 14 and the pad oxide layer 12 can
be wet etched using a buffered oxide etchant (BOE) . The BOE may
comprise a mixed solution of fluoroammonium and fluorohydrogen

(7:1) and phospheric acid solution. The silicon nitride can also
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by nitride, which prevents oxidation of the silicon beneath. In the field
regions the surface of the silicon substrate has been exposed prior 20 JUL 2004
field oxidation by etching away the nitride layers 14 in these areas. |f

the field oxide is selectively grown wi thout etching the silicon of the
substrate, the resulting field oxide will be partially recessed. If, on

h h il i tch after the, oxide-preventing |layer is

v o ne AT P B 0t e PR 1
. ith t con substrate. is is knoy

?egggggg ?%%P%f?gﬁgé%i&%gﬁgigéegg.e ##?Wﬁé g@ﬁi§?%E§§ééﬂt5988e%§¥e¥h%4height

f the oxide rotruding apove the | evel of the active region surface is
Ioarger t han i ﬁefﬁeg?u(lhr ercgégggeﬁh?ﬁ 5ot {(E3H%) shRuterremorsR?in t he

row oxi desand; et ch, process. In_addition, the sem - recessed oxide step 16
gf Fig. 3% aghﬁrﬁ%%é%§§i§§588 ?ﬂ%?ri%? 9?@rgeeﬁéP?iﬂwﬁ¥$€r§§dE9g§ﬁbsequent
polysilic%q and .ne | ayers. The éield oxi de regions 16 can be grown to a
t hi ckness oPoré%%uEQ%bdx¥§e95ﬁmﬂﬁ? and are thermally grown by wet oxidation
at tenperatures of between about 900 and 1000 degrees C. for 4 to 8

hours. Fig. 3c shows a cross section after the nitride (layer 14,

Fig. 3b shows a cross section after the Field Oxide

isolations regions 16 have been created thereby electrically

'"} isolating the active surface areas of the device.
Field Oxide (FOX) isolation regions are used to

electrically isclate active devices that are created on the
surface of a semiconductor substrate, the field oxide laver 16
is thermally grown to not less than 3000 angstrom in thickness.
When the field oxide is grown, the active regions remain covered
by nitride, which preventé oxidation of the silicon beneath. In
the field regions the surface of the silicon substrate has been

} ' éxposed prior to field oxidation by etching away the nitride

layers 14 in these areas.

If the field oxide is selectively grown without etching the
silicon of the substrate, the resulting field oxide will be
partially recessed. If, on the other hand, the silicon is etched

after the oxide-preventing layer is patterned, the field oxide

- 22



Fig.' 3b) has been renoved fromthe surface, after a layer 18 of pad oxide
has,been, grown and after the channel region forthe active devices hBwEL 2004
been inplanted (not shown). The processing conditions for the grow ng of
the | ayer ;18 of pad oxi de have already been highlighted as have the
processing conditions for the renoval of the nitride. 23 2 0 JUL 2004

Typi cal processing conditions for the creation of a doped channel region
in the surfdt ebﬁgggpdu%ﬁﬁgfﬁafgrp§ PePFHITH FYEEBRS YHP &S fd¢1wFPR an
energy of between abgut 25 and 180 KeV with an N+ dopant. concentration of
bet ween abso‘ﬁfs%é:‘f&‘a T OETS KRCYRs PENBhe FHY L3 deshdtRy o ST G4 98K BR aft er
the |l ayer of pad oxide has been renpved. The processing condition for the
pad oxi de %ﬁpefso JOLERR 0 FEFCRSTE RYQGE S r ERBYPHFEW GUsItirepegade

hi ghli ghted and need . therefore not be further addressed at this point. The
pad oxi de PHRISEPBIr BN dist LERRS PF s mSrder Tl Shairdacke 1For mati on of
the |l ayer of tunnel oxide during follow ng processing steps. Fig. 3e shows
a cross sedidSk SPPBriR Hd'S duddli BACHTSeh@HoseEr  Jdonbiit denemadtpde and
after the deposition of the layer 22 of poly 1. The thickness of the |ayer
20 of tunrfé@noindEhe sIrQWHIXdaR 9N Bee vl PLASESS - 60n aaflit4@nAngber semand can

be tailored .
recessed oxide step 16 of Fig. 3b has a gentle slope that is

more easily covered by subséquent polysilicon and metal layers.

R—

The field oxide regions 16 can be grown to a thickness of
about 500 to 900 nm. and are thermally grown by wet oxidation at
temperatures of between about 900 and 1000 degrees C. for 4 to 8

hours.

Fig. 3c shows a cross section after the nitride {layer 14,
Fig.'3b) has been'removed from the surface, after a layer 18 of
pad oxide has been grown and after the channel region.for the.'

~active devices have been implanted (not shown). The-prdcessing
conditions for the Qrowing of the.layer 18 of pad oxide have .
already been highlighted as have the processing conditions for

the removal of the nitride.
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thicker to be suitable for use with different source voltages. The |ayer
of first tunnel oxide is thermally grown on the bare silicon after BWeJUL 204
silicon surface has been cleaned. The |ayer consists of between about 7
and 20 rim O Si02. Fig. 3e also shows the floating gate el ectrode
polysilicon (poly 1) layer 22 that has been coated over the surface of the
tunnel oxide 20 and the surface of the field oxide regions 16. The | ayer
22 of poly 1 is deposited using LPCVD techniques to a thickness of between
about 1,200 aﬁéﬂpﬂ?@o@rﬂﬁ@%"tWﬁSﬂ@lWSbéord%ﬁearﬁ\ﬂlﬁ’ni 8h # fPaAt of the
required %lond ctively,, foE1 instance using a n-type inpurity of phosphorous
at an ené&rgy or *eghBlt IS PRe S 1 G o8 6 T KERFWSHRS B AfGs &S P SRS ebout 2E14
and 9E1§Lma¥5(l)n ./ncrr{’z‘Ji ternative tbhe d%)ia%g of _ el eﬁtrode fl oat.i nglu gate
layer of "PBIY 2 Cal ba HcRFev®d By CEUSTH o4t pHodBflor BUKIa 5 By~ 2004
l'iquid sqQur C pho r xychl ori de OCl3) .in a,.furnage at a

t enper at E&Eegﬁ%%\%egﬁgg%out %3%8 cgyn}egg%e%eagroélesl 4 aﬁéa?]!ﬁ&alattg}pﬁéﬁ vely,
in-situ doped poly can be used for poly 1 |layer 22 deposited using LPCVD
at ate at 0 L6 ree ...t a_thickness between
about lrzrggéén%lﬁ%ggggm%%gtérgo?n%oﬁgg%gﬁg%%ﬁﬁ% éjg ?iée %Xo:”tlé?c%asof dopant .
Fig. 3f SEehsranwedssiiverrenssince corfetimskpnglendadtetideg of the | ayer
22 of poly 1 thereby formng the first half of the
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floafing gates, the deposition of a layer 23 of insulation of

CNQléﬁm
deposition of a layer 24 of photoresist and the steps of nmasking a JUL 2004
etching of the |ayer 24 of photoresist in preparation for the formation of
the | ayers. of second tunnel oxide. The layer 22 of poly 1 can be etched
usi ng conventional photolithographic techniques using reactive ion etch

(RIE), high

Elagna density etch or sputter etch techniques.
of - poly | 5FE %a

The | ayer 22

TET VST RGAEHRESTH NFAY BaeR oriadgrapti end exdad ques to

formthe p§b§§?f$ﬁ§ The preferred layer 23 of the invention is a |ayer of

ONO. In d

oxi de, the fi | ayer of oxide is native oxide or thermally

P4 Kfefupkhengdducssedsah hiferodntoxTie-pad raxdete

25 20 JUL 2004

st ¢ ) .
grown oxi d%"“%{ R/ TEYESi REALRXE deimeTH® RreeT deo jepaglewhhi nferndGwmoker
furnace atﬁﬁ?hf erature within the range of 600 to 700 degrees C. to a

t hi ckness

thetr dHgBbf o ing SaHLowom MTgSERORNI tieers .nal

oxidation lLayer is grown in a |low power furnace at a tenperature within

t he range between 750 and 800 degrees C. for a tine period within the
range between 30 and:60 mnutes. Layer 24 of Fig. 3f is a |layer of

phot oresi st fRASt PAsSHEN 2 §EpP6Si $ewt iomsifddrahtie efahedtiion prepacation for

t he renoval of

layer 20 of tunnel oxide and after the deposition of the layer

22 of poly 1. The thickness of the layer 20 of tunnel oxide is

o

typically between about 60 and 140 Angstrom and can be tailored

thicker to be suitable for use with different source voltages.

‘The layer of first tunnel oxide is thermally grown on the bare

silicon after the silicon surface has been cleaned. The layer

consists of between about 7 and 20 nm. of Si02.

Fig. 3e also shows the floating gate electrode polysilicon

{poly 1) layer 22 that has been coated over the surface of the

- tunnel oxide 20 and the surface of the field oxide regions 16.

.

The layer 22 of poly 1 is deposited using LPCVD techniques to a

thickness of between about 1,200 and 4,000 Angstrom and can be

doped with ion implant of the required conductively, for

‘instance using a n-type impurity of phosphorous at an energy of

about 25 KeV to 180 KeV with a dose of between about 2E14 and

9E15 atoms/cm®, Alternative, the doping of electrode floating

gate layer of poly 2 can be achieved by CVD with a phosphorous
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the 1ayer “of ONO above the surface where the layers of second tunnel

are to be fornmed. Fig. 3g shows a cross section after the reno
| ayer 23 of ONO above the surface where the | ayers of second

val of
t unnel

gf}b’éh@‘? 2004

oxi de

are to be forned and the step of renoving of the photoresist 24 (Fig. 3f)

t hat has been used to mask and etch the |ayer of ONO Photore

Si st

stripping frequently uses sulfuric acid (H2SO4) and mi xtures of H2SO4 with

ot her oxi diiuig sgerce swehh ass phigohogens pervwhildei(¢2020G1st hen

conponents are frequently used in cleaning a wafer surface after the
phot or esi sfurlpasebeéna tenpeFdare2de2wed UbRAB085Fi gnd b G imwseascCoss

sane

section after the layers 28 of second tunnel oxide have been grown over the
surface arfezsiroklthenatimsiv.atte-shat dopedigiolyovenede wddd tfhe poly 1. The
regions 28 (contained between the field oxide regions in the areas of the
substrat e Ianefragéd thpesited netingotefed dy 4 hempbehedrd ayenee22530f ahde
first half of floating gates) of |ayers of second tunnel oxide consist of
70 to 200 AfgsieporeofC SidP aanticanebe hdrerawml bpouyr 3D emd Weosur f ace of
the wafer. During this growh of the second tunnel oxide, the |layers 23 of
ONO t hat engsltaymt heigpp|3iH lakd OBl Bg gBé esowldeebd tbpse:fl oating gates

fromany effect

Fig. 3f shows a cross section after the masking and etching

floating gates, the deposition of a layer 23 of insulati

ONO, the deposition of a layer 24 of photoresist and the steps

of masking and etching of the layer 24 of photoresist in
preparation for the formation of the layers of second tu

oxide.

of the layer 22 of poly 1 thereby forming the first half of the

on of

nnel

The layer 22 of poly 1 can be etched using conventional

poly 1 is patterned using conventional photolithographic

techniques to form the poly gate.

" plasma density etch‘or'sputter etch techniques. The layer 22 of

photolithographic techniques using reactive ion etch (RIE)}, high

The preferred layer 23 of the invention is a layer of ONO. In

depositing a layer of ONO, that is a layer of oxide-nitride-

oxide, the first layer of oxide is native oxide or thermally
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that” m ght be caused by the process of growing the (second) tunnel OXIdE
28. ‘At this point in the processing sequence it is of value to con? GebL 04
what point:-the creation of the floating gates for an EPROM structure has
progressed: - field oxide regions of isolation have been created - tunnel
oxi de has been formed for the floating gates the first half of the

floating 0aram M8 deeel LobMEbos; d BYeRe O nfdNAiRASAREED GIGAL 49 Qverlying
t he created floating gates. 27 0 JUL 2004 Fig hows a Cross section

after the p&@g&@ierd%%b&é% é)fte‘rﬁllglﬁggggg§ @&fmmh@f iQR{;Af £ AN Lhe

deposition an ski ng shown in ot oresi st. The

tt PRSs 1 ISt qgﬁk t _are the ers
ﬁgskgrg;ngzﬁi(ﬁ%sks t%ategr£h3§§{ %§§p3¥?§$% §P%E§togé?g§riloﬁ of ™ gflg
1, thi ha. L.SCUS i e e, to iS_revers
mask, Ifhe §%§2§Q§%r%% tﬁggsgggﬁdgggpﬁgygﬁo%F 3913 9rf ISR HEY BR4STin the

areas thateouerdakt hechin st 41,990, 00 gates rbandg g8 LR S5e0aBL e ©

poly 1 in place abov e surface s of

second ttﬂﬁgﬂrégélge ??¥e -P?&a E?%&eﬁltgh %ﬁiﬁéhg rE%%gia reg%égggof t he

second hal the floating g
conpl et es minutes.
o} Layer 24 of Fig. 3f is a layer of photoresist that has been

deposited, masked and etched in preparation for the removal of
the layer of ONO above the surface where the layers of second

tunnel oxide are to be formed.

Fig. 3g shows a cross seétion after the remowval of the
layer 23 of ONO above the surface where the layers of second
tunnel oxide are to be formed and the step of removing of the

photoresist 24 (Fig. 3f) that has been used to mask and etch the

A  layer of ONO.

Photoresist stripping frequent;y uses sulfuric acid (H2804)
" and mixtures of H2804 with-other bxidizing agents such as
ﬁydrogen peroxide (Hz0z), the same components are frequently used
in cleaning a wafer surface after the photoresist has been

stripped.
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the floating gates for the flash nmenory structure. The patterning oé tiﬁl
| ayer 31 of photoresist |eaves a spacing of about 0.12 um (when nea g 2004
in a direction that is parallel to the surface of the substrate 10)

bet ween thespatterned floating gates 22 that have been created using the
first. deposited layer 22 of poly 1 and the patterned floating gates 30

that have been pigleahedniisd Ng é(#&fe»fssgggggolgeﬁ%%l t e, | g ol 31 gv\%onéget S

will be recognized that this erence in’spacing meen

of floating@atesxkgeChitd Gllen [ ci.ng that p vents the
overlap between adj acent f|o§i.ﬁ§8§3té§éfﬁhF’ﬁgg%a 2t S¥plCdi §8 under the

set of Flgﬁmﬁ%QaEQrgH ?Qﬁy%ovg§e§ O; j% 2004 Fi got§%23%9€gﬁg 0SS

section after the etc |ng of th secon p05| t he
{he maski ngand PR e el e LR8BI SgAEy® 1 P PREE S BRIt he.
o pol y. 1)8““33%89<etc efz%’tP%% “%d%%ffcﬁcﬂ"aft ﬁ‘f%goéh r}a%e%t?%di T98Fz81 Zhol y1 ).
N0 and 1 Re TR 6PBn it 30 R e STs RS s "Phe  Sive o msednds Ol in
Ehgmm3{n0%fégg3fgﬁ% é¥:7bh%o §H@$ﬁné§€%o%oofTQ§QfEgﬁscggcgé(¥Lé43§i1§s
grown on the surface of the wafer. During this growth of the

second tunnel oxide, the layers 23 of ONO that overlay the poly

1 floating gates shield these floating gates from any effect

that might be‘caused by the process of growing the (second)

tunnel oxide 28.

At this point in the processing sequence it is of value to
consider to what point the creation of the floating gates for an

EPROM structure has progressed:
- field oxide regiéns of isolation have been created
- tﬁnnel oxide has been formed for the floating gates
- the first hélf of the floating gates has been formed -

- a layer of ONO has been created overlying the c¢reated

floatihg gates.
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shows the.distance that exists between adjacent sets of floating gate
structures (that is gate 22 and 30), a distance that, as already poi n€&dJUL 2004
out, is critical in avoiding | eakage currents between adjacent floating
gates. Fig: 3k shows a cross section after the etch of the layers of ONO
fromabove the first half of the floating gates, an et?h that is f?!lome?
by a cl eani ng pregess; dhdis BlcsBousaGIASSreestion Atter the creation o
ay'second Iager o? thz thgt ig t he %ottéh1 ayer gﬁyﬁ?a%ﬁﬁl ?ggosﬁggﬁjf
created. Aglraye f1 YL ke n p t t.he to layer. of ONO
has been c?gateg?g?%gzggﬁ%}Egdofgééafo aq?n?ﬁ%aﬁ%#ﬁf%(ﬁ%B gnﬁ!?gg%%9%|()f)

a h tQe2 UL 2004, over.l a cen oati ng
ot oo and foierncd ﬂagc f%q)o?f/ Jga’z‘?fgs Ibfngc’tore et E#lgt ﬁé@%’??ﬁdﬁdﬁf of

gates and the layer 38 of pol | eeP epos![hgt for e Torie o 2
th t ez | LLLD ayer _ -
o ot a0e 7 PP A et S AP A o
Ferper at ur 5 ai Th o (Tt ARG ST b B0 L o700" Hegh . @epps: b phi ckieals

i t hi h en. 40 and, 200.Angstrom the final oxidation |ayer
rgtglgm; ?%[a %%ﬂ%%ﬁg%%ﬁfﬁ%?ﬁﬁﬁf%ﬁ gieféﬁﬁgf%IYﬁg?FMﬂFﬂvn3FheD?%ﬁ§%t%@FMeen

i i i thi ' bet ween 3Q and
Zgo and 809ev§¥§g€ﬁ§§é; tLeréyéﬂ'g% %%rkgg g@éggé]dgg%sggg g of poly 1 is
etched away in the areas thatroverlay the first floating gates

-

and leaves-the second layer of po;y 1 in place abéve the surface
of the substrate where the layers of second tunnel oxide have
.been created. This results in the creatioﬁ of the second half of
_the floating gates, this second half of floating gates completes
the floating gates for the flash memory structure. The
patterning of the layer 31 of photoresist leaves a spacing of
-about 0.12 um {when measured in a direction that is parallel to
the surface of the substrate 10) between the patterned floating
gates 22 that have been created using the first deposited layer
22 of poly 1 and the patterned fioating gates 30 that have been
created using the second deposited layer 31 of poly 1. It will
be recognized that this difference in spacing between the two

- sets of flecating gates is‘critical since it is the spacing that
prevents'the overlap between adjacent floating gates that has

been explained under the set of Figs. Z2a through 2d above.
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mnutes. Also shown in Fig. 3L is the deposition of layer 38 of poly 2g.JuL 204
This layer is the layer of poly 2 that is used to formthe control gates

for the created floating gates. Layer 38 is masked and etched (not shown)
thereby formng-the control gate. After the etch of the layer 38 of poly 2
has been conpleted, the source/drain inplant is perforned, spacers are

formed (not shown),.o he sidewal | s of the_etched | ayer of poly 2. These
spacers Wil | e%h%ﬂé’é F’Hrgwgl aec(flf?sczsalseiC%éLﬁPa?FB%r Ekglev\ﬁéﬁhéﬂ?a% ntcl%/e cell's of

t he EPROM ture _and w therefore further reduce _or_ elimnate |eakage
current be;é{:/\(é%c?f%je joaségﬁ?ncé‘#l%g pﬁié’ 1pr‘38§e§]§‘? AFHEL PS ERdWPYE mifg. 3k
essenti al H{o,icgrsuliastte§l38 2 0 JUL 2004 adjacent cells of an EPROM structure
and is follOwed by = convEREI ofial k PBRIPRFHEES H§Ti hrerBRsking @dfpl et e
t he EPROM t@%f uctyre as_has been indicated under Figs. la and |b above. The
source and dtdi%h 9 n%Pﬁnf‘aY%rp%]rf‘ifr FedYaft ef theGst R8N Ty erdiz@est poly 2

has been £P | et ed and Ege control_ gate has been forned, as indicated

above. The THPENEELFEr <t hEe ShRL EraRdthe el htaiderreyr bar @he tiserer

concom tant inplants of the LDD regions for the source and drain regions
are in ac%%rpd’g%cg)vﬁlﬁ 3@0%‘?%5&@0%%%%@ SFPPREPLF PR yoi mplaves.

Exanpl es c;torpoliyrﬁt’agﬁg g{rsat first conductivity inparting dopant, used to

tunnel oxide 20 arid the second tunnel oxide

28, the layers 23 of ONO and the field oxide regions 16, all of

S

the above placed as shoﬁn in Fig. 3j on the surface of the
substrate 10. The cross section that is shown in Fig. 3j clearly
shows the distgnce that exists between adjacent sets of floating
gate structures (that is gate 22 and 30), a distance that, as
already pointedlout, is critical in avoiding leakage currents

between adjacent floating gates.

Fig. 3k shows a cross section after the etch of the layers

of ONO from above the first half of the floating gates, an etéh

‘that is followed by a cleaning process;

Fig. 3L shows a cross section after the creation of a
second layer of ONO, that is therbottom layer 32 of ONo; has
been created. A layer 34 of nitride has been deposited, the top
layer 36 of ONO has been created,.the combined laver of

insulation (ONO — nitride — ONO) has been masked and etched to
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lightly doped source and drain region, is phosphorous, ion
iC:rS?;ﬁt Zd a'? anyenelrogy between about 5 to 100 KeV, at a dose bet weer?d Q\Wmtznm
| Ell to 1E14 atons/cnR. To create a medium doped source and drain region,
arseni ¢ or phosphorous can be used as an inpurity, ion inplanted at an
energy between about 5 to 50 KeV, at a dose between about 1E12 to 5El14

at ons/ cnovdl Bf @dice adjabeay i 116a89pgdg 804 CHRRH AN A, 0, I 801 O o§§rs nic (:I:_SB
be used as an inpurity, ion inplanted at an energy between abou to

KeV, at Baslasgdbelepsentadotd: LRLS rhomb 8l & AOTRLCHS,« (B §qRacers are
typically forned us?ﬁg materials such as silicon ni trllqglie_, gcl%l i con oxide,
BSG PSG polysilicon, other mnaterials preferably of a dielectric .na]t ure,
CVD oxide formed 31 20 JUL 200 fromPa ;;@EOS _s;)t_urce.fdt_e; u_s;jj g?flerzl()ﬁ s are
amor phous mat emi @epost Palg iNNibet: Lhengepasiti eu of ; epif ige-
thergupon. Spgcergogan fgor_ i r?ls%teance be '1I‘Oor r?ed gy fi r% gge%p_oéclltleng a |layer
of silicaiiiadeoxt 868 DEWHiQUS %s_ng_éﬁrw@)oﬁfdgeggmé%eap&-%fe”tgrthe ocess
ani sotropi ¢ RIE procedure using 3, CF4 an as an etcE%g i devipce ess
of the i nmiia0nyt grbed N:fileabik-ngveal g gt Hi tH%EﬁL é)risaz;rown :L:la ag tion
be summarized as follows: 1) FOX formation 2) first tunmel” oxide formati

3) first kel polekl pathdte: gat @ deposiid .o wq%ﬁkhnghé”¥gngé of 600 to

700 degrees C. to a thickness within the range of between 40 and

200 Angstrom, the final oxidation layer is grown in a low power
furnace at a temperature within the range between 750 and 800
degrees C. for a time period within the range between 30 and 60

minutes.

Also shown in Fig. 3L is the deposition of layer 38 of poly
2. This layer is the layer of poly 2 that is used to form the
control gates for the created floating gates. Layer 38 is masked
and etched (not shown) thereby forming the control gate. After
the etch of the layer 38 of poly 2 has been completed, the
source/drain implant is performed, spacers are formed (not
shown) on the sidewalls of the etched layer of poly 2, These
spacers will enhance the eiectrical insulation between adjacent
cells of the EPROM structure and will therefore‘further reduce
or eliminate leakage current between adjacent cells. The

processing that is shown is Fig. 3k essentially insulates
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etching to formhalf of the total required poly 1 floating gates in JUL 2004
alternating pattern 4) first ONO formation 5) use additional mask to clean
ONO fromthe active region while-the floating gate is not covered 6)

second tunnel oxide formation on the remaining exposed active region 7).
second Poly 1 floating gate deposition using the reverse mask of the first

Poly 1 floatin te . depagsition to define the remining floating gate
Iings 8) gga%%aggﬁﬁf%%ﬁlﬁ%tFBnE§§O¥KﬁEFQ?t€6ﬁtFEW kﬁuﬁ?lgéﬁéglPYon, nagglggo
and etch, and 10)spacer formation followed by back-en rocessi ng. _
JUL 200% THBHXE%%?'E%@&&#"FHG PFORETHENGF ipherden dift icoAPArESt Hee HRAOMOW ng:
1) smaller spacings between the floating gates which results in smaller
area requiPEEﬁﬁ?%ﬁ%(ﬂs Re BPROM edi¢atedapadey Eimot Her apdl b 2abapol ogy,
which elimnates unwanted cracking of the poly 2 at shared corners of the
created poly 2 profile. The processing sequence of the invention is shown
'n The source and drain implant is performed after the etch of

layer 38 of poly 2 has been completed and the control gate has
been formed, as indicated above. The implants for the source and

the drain regions and the concomitant implants of the LDD

o

regions for the source and drain regions are in accordance with
conventional conditions of impurity implants. Examples for
instance of a first conductivity imparting dopant, used to
create a lightly doped source and drain region, is rhosphorous,
ion implanted at an energy between about 5 to 100 KeV, at a dose
betwéen about 1E1l to 1E14 atoms/cm®’. To create a medium doped
source and drain region, arsenic or phosphorous can be used as
an impurity, ion implanted at an energy between about 5 to 50
KeV, at a'dose between about 1E12 to 5E14 atoms/cm’. To create a
heavily doped source and drain region, arsenic can be used as an
impurity, ion implanted at an energy between about 5 to 150 KeV,

at a dose between about 1E15 to 1EI6 atoms/cm>.

Gate spacers are typically formed using materials such as
silicon nitride, silicon oxide, B5G, PSG, polysilicon, other

materials preferably of a dielectric nature, CVD oxide formed
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' over‘vi ew -form under Figs. 4a through 4e, whereby: Fig. 4a reflects st@mwsJlL o

2 and 3 that have been detail ed above, with 60 representing the FOX

regions, 62 representing the first floating gate and 63 representing the
first tunnel- oxide, - Fig. 4b reflects step 4 that has been detail ed above,
with 64 representing the ONO | ayer, - Fig. 4c reflects steps 5 and 6 that
have been detail ed.na € ({i@ fron1re and second

t unnel oxi de ?é f of e %%¥§C§2 éﬁ?e 9 %F&g ﬁ%ﬁ ectl 5?@% §flﬁg§ been
detailed a i r resentln the eco d floatln ate and 33 2 0
JUL 21b~ -nggiulethfﬁggtgg %3%53?’% eglfﬁﬁﬁn%évelﬁ88n Eék%ﬁHQ§d above,
wth 68 re f or ned regi ons, an 70 re resenting the

contr ol gatgggdepos&tg} E)frlzll)% %\P?g%ﬁc% ijai%efolgﬁ“\? nw otgll}?é:s dﬁB A beRErd ©&nd

illustrate
it is not

i nventi on.

gr Wi

|nten

It is

r ef nc 0 ecific il trative enpodi nents .t hereof,
D LRABRERSSP SRRELIC e’rzm#grt e RS o
nmbodi t k t. t hat |ons and
modi 1 oot s Rt RrkeBotbd S Ukl bires PRSI Bt a8 SrcTem

nodi fi cati ons can be ma

therefore intended to |nclude within the |nvent|on

such vari ations and
The process of the invention to form floating gate

structures for an ERPROM device can be summarized as follows:

1)
z)

3}

4)

3)

6)

7)

8)

9}

10

FOX formation

first tunnel oxide formation

first Roly 1 floating gate deposition, masking and
etching to form half of the total required poly 1
floating gates in an alfernating pattern

first ONO formation

use additional mask to clean ONO from the active region
khile.the floating gate is not covered’

second tunnel oxide formation on the remaining exposed
active region

second Poly 1 floating gate depositicon using the
reverse mask of the first Poly 1 flecating gate
deposition to define the remaining floating gate lines
second ONO formation

poly 2 confrol gate deposition, masking and etch, and

) spacer formation followed by back-end processing.

32

al |



nndfficafions which fall within the scope of the appended clainms andgg jut o

equi-val ents thereof. 34 2 0 JUL 2004 Caims 1. A nethod of formng floating
gates and control gates for flash nenory transistors, conprising the steps
in the sequence as follows: (a) providing a seniconductor substrate; (b)
formng Field Oxide isolation regions in the surface of said substrate;

(c) formng do S t.he surface_of
substrat e; (d) orﬁ?#%ﬁg |rs?£ﬁgﬁ% Q%P ??n%ﬁ%arégn lons%f%%ﬁ}ash menory
transistorg +n said formng a flrst hal f of floating gates for said

S

fl ash nenDry tran stors is: (i) forning Iayers of first tunnel oxi de on

t he surface of al strat.e; de O§i L] first la

pol ysilicon 1 oveﬁggéigps?ﬁ%Cln S EF gﬁgﬁgén?h%?Eﬁﬂ/ gudlng t he
surface of said Fi. i de |ons and i first |ayer
of polysilicon 1 mﬁ%?éﬁ% salsg1a paft%%?ﬁrﬁf §§§ Fgg E%ng gﬂ Mol ace said
| ayer of poly 1 aggygstQ§uisurface of said substrate betmeen odd nunbered
pairs of Field Oxi ’

2) smoother poly 2 topology, which eliminates unwanted
cracking of the poly 2 at shared corners of the created

poly 2 profile.

po—

The processing seguence of the invention is shown in
: Qverview form under Figs. 4a through 4e, whereby:

- Fig. 4a reflects steps 1, 2 and 3 that have been
detailed abové, with 60 representing the FOX regions, 62
representing the firsf floating gate and 63 representing
the first tunnel oxide,

- Fig. 4b reflects étep 4 that has been detailed above,

with 64 representing the ONO laver,

R

- Fig. 4c reflects steps 5 and © that have been detailed
above where ONO is removed from region 65 and second
tunnel oxide is formed in region €5

- Fig. 4d reflects step 7 that has been detailed above,

with 66 representing the second floating gate and
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regions thereby partially covering the Field oxide regions that forr@0sHildy
odd nunbered pairs of Field Oxide regions whereby furthernore said poly 1
is essentially renoved from above the surface of said substrate that is

| ocat ed between Field oxide regions that formeven nunbered pairs of Field
oxi de regions thereby furthernore partially 35 20JUL renoving said poly 1
fromthe Field ©xitleyragi easléded Stepm sakfseyahathuaber 8deNaidis: Ofe 4 el d
oxi de regions; (e) formng a second half of floating gates for said flash

menory transistorsibeanrd (iinfes nidigesentinl gl 6% 5k éﬁbdréégﬁﬂ% EREPr Y
transistors. 2. The nethod of claim1l wherein said formng Freld Oxide

i sol ation regions i repeeseifaas 10k sahdrsubsitale ceapiises the steps of:
growing a | ayer of pad oxide over the surface of said substrate; depositing
a layer of nitride over the surface of said |ayer of pad oxide; patterning
said layer of nitride whereby openings are created in said |ayer of
nitride that al hthedih tee ifuehacen alLaSeeh aéégrib%ép%txﬁafﬁl%é@%%éé‘e
Field oxide regions are to be forned; growing said Field Oxide isolation
regions; amdthereféngnsaitd ppetered 1@k a0l vai & A8 med s The FEL PO, O
claim1l, whereby said Field Oxide regions are:

is not intended that the invention be limited to those

illustrative embodiments. Those skilled in the art will

\m:.—./.

recognize that variations and modifications can be made without
departing from the spirit of the invention. It is therefore
intended to include within the invention all such variations and
modifications which fall within the scope of the appended claims
and equivalents thereof.

)
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guantitatively subdivided into a first half and a second half; each Field
oxide region that is part of said first half of Field Oxide regions@ilsJUL 2004
adj acent to a Field Oxide region that belongs to said second half of Field
Oxi de regions; adjacent Field Oxide regions forma pair of Field Oxide
regions; pairs of Field Oxide regions are assigned to even nunbered pairs

of Field oxide regions or to odd nunbered pairs of Field Oxide regions;

and even nunbered pairs of Field Oxide regions are adjacent to odd

nunbered Field Oxide regions. 36 2 0 %83 2004 4. The nethod of claim1
wherein said formng a doped channel region in the surface of said

substrate is: formng a |layer of sacrificial silicon oxide over the surface

of said,supstrate; form ng a.channel i Lant .into the surface of said
substrat &; ‘??sma%t o%h%%%mi’"ﬂ%lglrﬂat%?n%aetﬁgt \%E%ncoélg’lraiﬁ el d Oxi de regions;

bstratd, ©odid be? g’ B8 el SArd ons;
ai d sunlral et i RhefL SR LAE) S RS s ars of

first tuppghendxidesOndae surface of said substrate is selectively grow ng
regions of SIQ2 to a thickness of about 70 to 200 Angstrom whereby said

first tunnel (xigfe iig:hordredDeiwesn Fi glekiide regions that form odd

(b) forming Field Oxide isclatiocn regions in the surface of said
substrate;

(c) forming doped source and drain regions in the surface of
said substrate;

{d) forming a first half of flecating gates for said flash memcry
transistors, wherein said forming a first half of
floating gates for said flash memory transistors is:

(i) forming layers of first tunnel oxide on the surface of said
substrate;

(ii) depositing a first layer of polysilicon 1 cover said surface
of said substrate thereby including the surface of said Field Oxide
regions; and

{(iii) pattering said first layer of polysilicon 1 whereby said
patterning essentially leaves in place gsaid layer of poly 1 above the
surface of said substrate between odd numbered pairs of Field Oxide
regions thereby partially covering the Field Oxide regions fhat form
said odd numbered pairs of Field Oxide regions whereby furthermore
gsaid poly 1 is essentially removed from above the surﬁace of said
substrate that is located between Field Oxide regions that form even

numbered pairs of Field Oxide regions thereby furthermore partially
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nunbered pairs of Field Oxide regions. 6. A nethod of formng floating

gates and control gates for flash menory transistors, conprising t&8 -H-tlewlr
in the sequence as follows: (a) providing a sem conductor substrate; (b)
formng Field Oxide isolation regions in the surface of said substrate;

(c) form ng doped source and drain regions in the surface of said
substrate; (d) formng a first half of floating gates for said flash nenory

transi staors

- (e) farm eco hal.f_of floating gates for said flash
menory trraeﬂlg}‘ré %rséﬁ,ldv\?fg‘%eﬁn §8ﬂl& orFFrFHS FAGECHRH T FhdE Termosy d8reB004
floating ngl%gfe({ %rai%gi g tl,ash oenpr Yol ransi stor is: (i) depositing a first

a

| ayer of ‘Insu iFon over ‘the surface of “Faid first half of floati ng gate

structures thacebyolakudi 00 dhey. xngspdoaurlace.of Sal d.Fidhd e de

regions thereby furt nore 1nc e éx ce of sard

substr at %e%?e@éng%goleggpgggd surface of said substrate is |ocated
between Field oxide regions that formeven nunbered pairs of Field Oxide

regions; (ii) (@epasidingdcanddabhesding 82l @van-af nfhatoresistscuher eby
said patterning | eaves in place a | ayer of photoresist that essentially

over | éys 2$.aiI‘glef lngﬁfxog'acgg ccifaifnl Qaﬁﬁggeﬂ?tseaﬁquggﬁ@{g Siaj!eq.d Oxide

" isolation regions in the surface of sald substrate comprises the'

steps of:

{ growing a layer of pad oxide over the surface of said substrate;

! depositing a layer of nitride over the surface of said layer of

pad oxide;
patterning said layer of nitride whereby openings are created in
said layer of nitride that align with the surface areas of said

substrate where the Field Oxide regions are to be formed; -

growing said Field Oxide isolation regions; and

removing said patterned layer of nitride.

3. The method of claim 1, whereby said Field Oxide regions are:
gquantitatively subdivided into a first half and a second half;
i each Field Oxide region that is part of said first half of Field;
Oxide regions is adjacent to a Field Oxide region that belongs 5
| to said second half of Field Oxide regions; . |
adjacent Field Oxide regions form a pair of Field Oxide :(:tegions;!i

pairs of Field Oxide regions are assigned to even numbered pairsE

of Field Cxide regions or to odd numbered pairs of Field -Oxide

regions; and
even numbered pairs of Field Oxide regions are adjacent to odd

numbered Field Oxide regions.

36




patterned layer of photoresist extends by a measurable amount over thg juL o
Field oxide regions that are partially covered by said first half of

floating gates; (iii) renoving said first layer of insulation fromthe
surface of said substrate in accordance with said pattern of photoresist

t hereby renoving said first layer of insulation frombetween said Field

Oxi de regions that formeven nunbered pairs of Field oxide regions thereby

furtherngre rtially removin aid.insulator fromthe _surface of ,said
I S metﬁocﬁtcﬁatholm g a2 g et A 06%:[1}% aoflopc-ﬁ g#; neﬁfd:ggl;glél ons:

Fiel d Oxide regions orm even nunbére

(1v) re”?ﬁ‘ﬂﬂeﬁﬁﬂ@59é093%§§8 layers of. photoresist fromabove said first
oatin v) f

hal f of g gates; ormng Iayers of second tunnel oxide on

exposed regi Oﬁérrf'?ifng %ahgyegéﬂ%%t EQ&% Qg%% %ﬁ%%ht b}@ﬂiﬁi‘g@g and lLayer-ofe

£1
polysilicon 1 over said " surface o s strate thereby 1 ncluding said
first hakhi@fs3Btc2a0JUL 2004 floating gates and their surrounding Field
Oxi de regions thereby furthernore including the surface of said substrate

where sai d | apersornihgsecangntunngll0xi dechare beemdobreshid vubytr@ski ng
said second |ayer of poly 1 with a |layer of photoresist whereby said
maski ng wsid@glmnnheletgel amaske iy ®akdedn ratia hadfd okifd oaldings gaies wher eby
openings are forned in said | ayer of

stripping said layer of sacrificial silicon oxide from the

surface of said substrate.

5. The method of claim 1 wherein said forming layers of first tunnel
oxide on the surface of said substrate is selectively growing regions
of Si0; to a thickness of about 70 to 200 Angstrom whereby said first
tunnel oxide is formed between Field Oxide regions that form odd

numbered pairs of Field Oxide regions.

6. A method of forming floating gates and control gates for flash
memory transistors, comprising the steps in the sequence as follows:

(a) providing a semiconductor substrate;

(b) forming Field Oxide igolation regioms in the surface of gaid
substrate;

{c} forming doped source and drain regions in the surface of
said substrate;

(d} forming a first half of floating gates for said flash memory
transistors;

(e} forming a second half of floating gates for said flash

memory transistors, wherein said forming a second half of
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photoresist that align with said first half of floating gates; (vii é
etching said second layer of poly 1 thereby fornming |ayers of poI;é JUk ag00Y
align with the surface of said substrate that is |ocated between adjacent
Field Oxide regions that formeven nunbered Field oxide regions thereby
form ng said second half of said floating gates; and (ix) renoving said
phot oresi st that formed a mask in etching said second |ayer of poly 1; and

(f) for mfggaglq{g _rggk__ega%&s s[a%_ aisgl Iﬂgggrhy %ggé%?t ransi stors. 7. The net hod

of claim erei'n said dépositing a 11 rst tt 1%i nsul ati on over the

surface of said,fj ; of . ' te structures |s a depgsition of
{I) aéﬁﬂé;gg%%)a 1&5gafé ge %nsdiaEﬁon OVEY kﬁe.s ia ch ot

a |layer of oxide-nitri X1 de ereby a I'rst "rayer Of "Oxide s a native

xi de whaueRys fiutt RETRLE chBec Mld LhdE ol BLOND Il ) O AGNEE, fulfnace at a

tenperature within a range o to 700 degrees oat ness within

a range ekpbedaveeRrdfe atd 60q St bRIAMIRLEDYS fuHtBE) MBLe e rhbal
oxidation layer is grown in a low power furnace at a tenperature within a

range betinebmditi0tasde:83eadegrers 6 0/ aubbfBuRehOW khiA &Joange
between 30 and 60 m nutes. 39 20 JUL 2004 8. The nethod of claim®6 wherein

sai d for sunfpdaydr said seeendtd Unnebcasd detosed M csardace ebgsaidthat
substrate is formng said second tunnel oxide on exposed surface areas of
sai d subg$brateerhatmered peatedf et akieeeneqiarizer ed pairs of Fiel d oxide
regi ons, said second tunnel

(ii) depositing and patterning a layer of photoresist whereby
sald patterning leaves in place a layer of photoresist that
essentially overlays said first half of floating gates whereby said
patterned layer of photoresistrextends by a measurable amount over the
Field Oxide regions that are partially covered by said first half of
floating gates;

(1il) removing said first layer of insulation from the surface
of said substrate in accordance with said pattern of photoresist
thereby removing said first layer of insulation from between said
Field Oxide regions that form even numbered pairs of Field Oxide
regions thereby furthermore partially removing said insulator from the
surface of said Field Oxide regions that form even numbered pairs of
Field Oxide regions;

(iv) removing remaining said layexrs of photoresist from above
said first half of floating gates;

(v) forming layers of second tunnel oxide on exposed regions of
2aid substrate;

{vi) depositing a second layer of polysilicon 1 over said

surface of said substrate thereby including said first half of

38




oxi de having a thickness of between about 70 to 200 Angstrom 9. Thggnggboﬁm
of claim1 wherein said formng control gates for said flash nenory
transistor is: renoving a first |ayer of ONO overlying said first floating
gates; growi ng a second |ayer of ONO over the surface of first and second
floati ng gates; masking and etching said second | ayer of ONO whereby said
second layer of ONOis left in place overlying said second floating gate

and  a sehogf Ligeatloaing.gal es,Lhahashy QuRd SAL segond theabing gate.

depositing a |layer of poly 2 over the ce of sai Irst an second

fl oat ing fﬂ;@ﬁl@@ﬁmcﬁ‘@diﬂ@ﬁ{ﬁiﬂg arRd ﬁﬁg:b@goﬁ%!anl auste9f e Me}frezsgf@rl%l})érs .
| eaving said poly 2 in place overlying said second floating gate and said

set of tosédqnt it0gngatsLs akhadves wekAUASk &R, d second floating gate
furthernore |leaving said |layer of poly 2 in place partially overlaying

Field Oxi de regionsmskhay @riel adiateniayke @&nGdl§ol atiansai dawrbirnat i on of
one second floating gate surrounded by first floating gates thereby
cr eat i ng pbatdradrtr ehegptye sa Ml ereaiiine acdi repat rotegat Rakiasorassid faeet and
sidewalls. 40 2 0 JUL 2004 10. The nethod of claim9 wherein said grow ng
a secondhRaferf dflo@bing gates whereby openings are formed in said layer of
photoresist that align with said first half of floating gates;
(viii) etching said second layer of poly 1 thereby forming
layers of poly 1 that align with the surface of said substrate that is
located between adjacent Field Oxide regions that form even numbered
Field Oxide regions thereby forming said second half of said floating
gates; and
(ix) removing said photoresist that formed a mask in etching

said second layer of poly 1; and

(f) forming control gates for said flash memory transistors.

7. The method of ¢laim 6 wherein saild depositing a first layer of
insulation over the surface of said first half of floating gate
structures is a deposition of a layer of oxide-nitride-oxide whereby a
first layer of oxide is a native oxide whereby furthermore the nitride
is grown in a low power furnace at a temperature within a range of 600
te 700 degrees C. to a thickness within a range of between 40 and 60
Angstrom whereby furthermore a final oxidation layer is grown in a low
power furnace at a temperature within a range between 750 and 800.

degrees C. for a time period within a range between 30 and 60 minutes.
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is the deposition of a layer of oxide-nitride-oxide whereby the firstgg sy 2008
| ayer of oxide is a native oxide or thermally grown oxide or CVD oxide
whereby furthernore the nitride is grown in a-|low power furnace at a
tenperature within the range of 600 to 700 degrees C. to a thickness
wi thin a range of between 40 and 200 Angstrom whereby furthernore the
final oxidation layer is grown in a |ow power furnace at a tenperature

C. for atine period within a

i thi b 750. 00 degree

Fange boPuali SETEA B AL RIS CHB o SEPER 1 SR ot oe]
additional .ste f } te .spacers on said si.dewalls of said control
gat Iesl. . 1%.&1% rrc& %%8 %"F&%r%mgﬁgsaédg ggﬁrﬁ%ﬁoﬁj g‘?rérﬁ??s?%]ri, SeSSW%ﬁ“EFﬁ t he
steps ingkhg. Scﬁ‘glésﬂgge@%utrggél?%ea I’&)_/I%-Qig Sgbgexrgt%opgé{:ﬁa%r ]g_gc:b%e%at €
growing a layer of “sacrificial oxide on Ke SUFTace 6154l sUbstr at e;

deposi t ' Bgt@eér@%noﬁunﬂjéx@hdﬁa%%fs?‘lg.tci MNGhe Ogegi%ﬁél Tga%idagec&ﬁ @gn el
patterning said | ayer of nitride thereby creating openings In sai ?ayer

of nitrideiddatavexhendtiiexhbes Ui haegeaf $aLE 1PN 208 ad@ckbhi cial oxide
said openings to align with regions in the surface of said substrate where

Field Oxide regions need to be fornmed; 41 2 0 JUL 2004 form ng Field Oxide
isolation regions in the surface of said
9. The method of claim 1 wherein said forming control gates for said

flash memory transistor is:

removing a first layer of ONO overlying said first floating
gates;

growing a second layer of ONO over the surface of first and
second floating gates;

masking and etching said second layer of ONO whereby said second
layer of ONO is left in place overlying said second fleoating gate and
a set of two floating gates that surround said second floating gate;

depositing a layer of poly 2 over the surface of said first and
gsecond floating gates; and

masking and etching said layer of poly 2 thereby leaving said
poly 2 in place overlying sald second floating gate and said set of
two floating gates that surround said second floating gate furthermore
leaving said layer of poly 2 in place partially overlaying Field Oxide
regions that are adjacent teo and isolate said combination of one
second floating gate surrounded by first floating gates thereby
creating said control gates whereby each control gate has a surface

and sidewalls.
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substrate whereby said Field oxide regions are divided into adjacentg Jedingg,
nunmber ed and odd nunbered pairs of Field oxide regions; renoving said |ayer
of patterned nitride; formng a | ayer of pad oxide over the surface of said
substrate; performng a channel inplant into the surface of said

substrate, said channel inplant being between said Field oxide regions;
renovi ng said | ayer of pad oxide fromthe surface of said substrate;

form ng hayefise Qlechbsds tHADR! 5 %e(}siﬁnséi*ae??%%% QLC???J gg- gygﬁﬁbgﬁégt e

said | ayers of tunnel oxide to be on the surface -area of _
that is gentiaé negdobet Waenrsai thyrdd JRUSDELLA ; PR] §8 9f qe Rkl ApPXi e £i8gt Ons;

¢
depositing a first layer of polysilicon 1 over said surface of sai

subst r at @apberedyxi 861 iiangasaidl dxaner s Ahesakthyf igrsimtanng! or QXiriext her eby
furthernore including the surface of said Field oxide regions; pattering

sai d firshetayerfuetheolys kheon thivhei eyrcsal th RALLRT Powdy gatescd ayexrs of
poly 1 that essentially align wwth the surface of said substrate that is
bet ween s$ainpexddreunberied thai rangef oFi edd toxivde dapgesns. threnebyi meaki ng a
first half of floating gates; depositing a first |layer of insulation over
the surfaéeht ssapdoe fof bethadri 46f ahioand Rgogaten sheuetbwrizs théanetey the

i ncl udi ng exposed surface of said Field oxide regions thereby furthernore
i ncl udi n%ln- poseatsen flaverofs scims st rlavepower furnace at a temperature

within a range between 750 and 800 degrees C. for a time period within

a range between 30 and 60 minutes.

11. The method of claim 9 with an additional step of forming gate

spacers on said sidewalls of said control gates.

12. A method of forming a flash memory transistor,
comprising the steps in the sequence as follows:

providing a semiconductor substrate;

growing a layer of sacrificial oxide on the surface of said
substrate;

depositing a layver of nitride over said layer of sacrificial
oxide;

patterning said layer of nitride thereby creating openings in
gsaid layer of nitride that extend to the surface of said layer of
sacrificial oxide said openings to align with regions in the surface

of said substrate where Field Oxide regicns need to be Fformed;
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42 20 JUL 2a renpving said first layer of insulation from above the s&®fdfe 2004
of said substrate, said renoved first |ayer of insulation being |ocated

bet ween said even nunbered pairs of Field oxide regions, further renoving
said first layer of insulation fromthe surface of these even nunbered

pairs of Field oxide regions over a neasurable distance; formng | ayers of
second tunnel oxide on the surface of said substrate, said | ayers of

second tunnel @xihdg; t:Q.R8 d0GaAt ﬁgﬁ?ﬁiﬁe%ﬁ?{ e Eipeld %'lbt g% gC%i gg_%it hat

formsaid even nunbered pairs o e régions epositing a

second | ayekcftHh¥sly GONalr VAL o3dhd rddibat DAl fs:0fafd albngy 0alas
t hereby including the surface of said second tunnel oxide and adj acent

Fi el d Oxietlenregisensa siepesiat hivbardiayelrHioPBoL tf @5ii st Pééﬁrongp,e surface of
said second layer of poly 1; pattering said | ayer of photoresist using a

reverse mask aekmbhing mASE used bR paldeehpBingitsaad,first half of floating
gates thereby creating openings in said |ayer of photoresist that align
with said fifetnhad 2 dhyét aet bag gatdes pvet cliengusfadt sECOME |lsayetride;pol y
1 thereby creating a second half of floating gates thereby conpleting
creation of fpeaft¢mmyngatesharfiel ihpisntmenoe \tHer ansistcons whitt ebpseraliest ance
bet ween adj acent
sald channel implant being between said Field Oxide regions;
removing said layer of pad oxide from the surface of said
substrate;
forming layers of first tunnel oxide on the surface of said
substrate, said layers of tunnel oxide to be on the surface area of
said substrate that is contained between said odd numbered pairs of
Field Oxide regions;
depositing a first layer of polysilicon 1 over sald surface of
sald substrate thereby including said layers of said first tunnel
oxide thereby furthermore including the surface of said Field Oxide
regions;
pattering said first layer of polysilicon 1 whereby said pattern
creates layers of poly 1 that esgentially align with the surface of
said substrate that is between said odd numbered pairs of Field Oxide
regions thereby creating a first half of floating gates;
depositing a first layer of ingulation over the surface of said
first half of floating gate structures thereby including exposed

surface of said Field Cxide regions thereby furthermore including

exposed surface of said substrate;
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floating gate structures that belong to said first half and said se@hdUL 04
hal f respectively when neasured in a direction that is parallel to the
surface of said substrate is about 0.12 um renoving said patterned |ayer

of photoresist; 43 20 JUL 2004 renoving said renmaining |ayers of insulation
overlying said first half of floating gate structures; depositing a second

| ayer of ONO over the surface of said conpleted floating gate structures;

pattering sai d-agcond Jd.anee; Afc NO-1LheF gby ¢reat] g a thee{:.l@? sf,rt);l%rlfagé)nt rol

gates for said flash nenory transistors; depositing a layer o ysilicon

2 over the suidasdsekasdl daibatlesned rsecond. ey ofsuhBsulatlongt her eby
i ncl udi ng exposed surface of said substrate; nmasking and etching said

| ayer of lpebye@ Bditakehys£ieatedOnul@telioba0af 8% Fod1Sakdad [AsfABNOrY
transi stor; perform ng source/drain inplants; and creating spacers on

si dewal | Suathseaitkreonhy odaigatresst IdyeFher neidhodt 0dn drakMHL sbesed besai d
source/drain inplants are fornmed by ion inplanting with an energy of
bet ween dthgge Svdarp ntiEDeka)/ paiirs hofaIFiNtddapiait reghaeniovraki ®meakubsimeen
about 1E15 to 1E16 atons/cn?.

distance;

forming layers of second tunnel oxide on the surface of gaid
substrate, said layers of second tunnel oxide to be located between
the Field Oxide regions that form said even numbered pairs of Field
Oxide regions;

blanket depositing a second layer of polysilicon 1 over said
first half of floating gates thereby including the surface of said
second tunnel oxide and adjacent Field Oxide regions;

depositing a layer of photoresist over the surface of said
second layer of poly 1;

pattering said layer of photoresist using a reverse mask of the
mask used in patterning said first half of floating gates thereby
creating openings in saild layer of photoresist that align with said
first half of floating gates;

etching said second layer of poly 1 thereby creating a second
half of floating gates thereby completing creation of floating gates
for flash memory transistors whereby a distance between adjacent
floating gate structures that belong to said first half and said
gsecond half respectively when measured in a direction that is parallel
to the surface of said substrate is about 0.12 um;

removing said patterned layer of photoresist;
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14. The method of claim 12. wherein said formng |ayers of first tunQ%I‘l Lo
oxi de on the surface of said substrate is selectively grow ng regions oq 004
Si02 to a thickness of about 70 to 200 Angstrom 44 2 0 JUL 2004 15. The

met hod of claim 12 wherein said depositing a first layer of insulation

over the surface of said first half of floating gate structures is a
deposition of a layer of oxide-nitride-oxide whereby a first |ayer of

oxide is a “aEieﬁ{ng{g ggigrretmh%gl%é lfr/a Er(s):/\%f g_)%sg&flg%%%ger in{%ce;g\é.\g%r gby

furthernore a [layer “of nitride i s grown

t enper at yse Wit NN 2 Fange of 0 egrees C. to a thickness within
a range of:L %et ween 40 an% ﬁgog negss‘tkgg%g%%r’eby furthernore a final

oxi dati on | aygepbs: GEOND ddhAal ONHOWR ofYT DA AL ot LEUPSY Al Wi thin a

range between 750 and 800 degrees C. ratime perio ina range

bet ween 3ZBmanekL0 sIbAHRS gal® Jhecheidod of claim 12 wherein said formng
| ayers of second tunnel oxide on the surface of said substrate is formng

said second puttedingXb8ed havoRd Bayidi eknNess tobrbsf Weenrahout p40cand 200
Angstrom 17. The method of claim 12 wherein said depositing a second | ayer

of i nsulfatiomtowergéthe: Sorf acel dlasnitkeegpteirdstbeaii ng gate structure
is depositing a layer of ONO that is native oxide followed by a | ayer of
nitride growndepesidiow powererf uf nadysaliacd enpeeat thee swir FdddN o said
patterned second layer of insulation thereby including exposed surface
of said substrate;
masking and etching said layer of poly 2 thereby creating
control gates for said flash memory transistor;

performing source/drain implants; and

creating spacers on sidewalls of said control gates.

~13. The method of claim 12 wherein said source/drain implants are
formed by ion implanting with an energy of between about 5 to 150 KeV
with an N+ dopant concentration of between about 1E15 to 1E16

atoms/cm?.

14, : |
| The method of claim 12 wherein said forming layers of first

tunnel oxide on the surface of said substrate is selectively
| growing regions of SiQ: to a thickness of about 70 to 200

; Angstrom.
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range of 600 to 700 degrees C. to a thickness within a range of between 40
and 200 Angstrom followed by a final oxidation |ayer that is growgQ pug 704
| ow power furnace at a tenperature within a range between 750 and 800

degrees C. for a tinme period within a range between 30 and 60 m nutes. 45

15. The method of claim 12 wherein said depositing a first layver of
insulation over the surface of said first half of flecating gate
structures is a deposition of a layer of oxide-nitride-oxide whereby a
first layer of oxide is a native oxide or thermally grown oxide or CVD
oxide whereby furthermore a layer of nifride is grown in a low power
furnace at a temperature within a range of 600 to 700 degrees C. to a
thickness within a range of between 40 and 200 Angstrom whereby
furthermore a final oxidation layer is grown in a low power furnace at
a temperature within a range between 750 and 800 degrees €. for a time

period within a range between 30 and 60 minutes.

16 The method of claim 12 wherein said forming layers of second -
i tunnel oxide on the surface of said substrate is forming said
| second tunnel oxide having a thickness of between about 70 and

| 200 Angstrom.

17. The method of claim 12 wherein said depositing a second layer of
insulation over the surface of said completed floating gate structure
ig depositing a layer of ONO that isg native oxide followed by a layer
of nitride grown in a low power furnace at a temperature within a
range of 600 to 700 degrees C. to a thickness within a range of
between 40 and 200 Angstrom followed by a final oxidation layer that
is grown in a low power furnace at a temperature within a range
between 750 and 800 degrees C. for a time period within a range

between 30 and 60 minutes.
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