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PRODUCTION OF REVERSED FLASH MEMORY DEVICE
BACKGROUND OF THE INVENTION

(1) Field of the Invention

This invenfion felates to a new.reversed-flash~memory-
device..This pew-reversed flash memory device.has_iﬁpioved
electrical performénce, yield and reliabiiity'due to better
control of the dielectriq interfaées within the réversed.flaéh
~ memoxy devicé. This befte;.control is:§¢hi§Véd by_fir#t creating'

~ the poly 2 control gate in the silicon substrate.

(2) Description §f the fripr.hrt |

The flash Eléqtiicéily—Efééablé Prbgrammable_Read—dnly.
- Memory (EEPROM) dévice'iS'so'named beéaﬁse:the céntents of all'
the memory arréy cells cah_be_erased.simultaneously ;htéﬁgh fhe
‘use of an electrical erase'signal. The_fiash refers to the fact
that the cells cén be:eraséd muqﬁ morg-rapidlf (1 or-2 seconds, _
comparéd'to the 20 minﬁtés réqﬁired té_érase-a UV-EPROM) . Large
size memo:ies are atlthis time availéble'ﬁhat offer a byte;by;

- byte erase_capabilityﬁ_



Tﬁe erasing mechanism in flash_EEPRdM’s.is Fowler-
Nordheim tuuheling offlof'the-floating'gate to. drain region.
Programming of the floating gatesjis-Carriediout in most flash
cells by hot-electron injection iuto'the gate. floating gate.
'EEPROM' incorporate a Separate-select‘transistor-in each cell
'to allow for individual byte erasure- whlle flash memorles forego
the select tran31stor in order to obtalu'bulk erasure

capabilities.

Most present day flash-EEPROM cells use a double-poly
.'structure. The upper poly forms the control gate or the word
lines of the structure, whlle the lower poly is the floatlng
gate._The gate oxlde is approxlmately'lo'nm. thlck (phy31ca1
.thickﬂess); the interpoly dielectric is an'oxide/nitride/oxide
-_composite film approximately éb nm. ttickrfthSical thickness);
Part of the structure can be a spec1al, software controlled
erase gate which is 1nstrumenta1 in assurlng that the floatlng

gate is not over-erased.

' Flash EEPROMS can'be seen to combine the advantages of UV~
-erasable EPROM’s and'floating'gate EEEROM's,.They offer'the'high
- density, small die size, lower cost'aﬂd hot electron writability

of EPROM’s, together with the easy erasability, on-board re-



prbgrammabiiity and electron-tunneling erasure features of

EEPROM’s.

The'reliability of the flash memory device is often
dependent on the interfaciél‘cénditionS'bétweén'fhé tunnelihg
oxide and poly 1;-és.ﬁel; as_bétween the interpbly.dieiectric
~and. the adjacent layer$..For example,-the inhérenﬁ éuﬁface o
roughness of the deposited poly .1 often-céuSeé'é fbugh,;édgy

surface upon which to ‘grow/deposit the interpoly dielectric.

The poly 1 layer f§r theifloatiﬁg gafeﬂis-usuaily-dépqsited
first (by implént dbping). This prior-art procesé.methbdology
causes the existencé of non-uniform regions pf;highldiélecﬁfic
field stress in the-intérﬁoly diélect£ic,-whiéh acceiérafes tﬁe
t;me—dependént breakdbwn 6f.thelintéfpoiy dielectric._A siﬁiiar
assessﬁent can be madé about any dielgétric weakness.iﬁ the .thin
tunneiing dieiecﬁric layer.cbnStfucﬁed between therspurce and

drain of any transistor used for flash memory devices.

Fig. 1 shows the_Pfior Art constrﬁctioh of a flashlmemory
cell dgvice._The'control_gate 12 is labélea_poly 2; thé floating
gate 11 is labeled'poly 1. Imperfect.interfaces cau$ed by poly 1
_surface roughness severely impair the=integri;y of the.defice .

dieiectrids during plasma_chamber electrode Chargiﬁg and/or



device stress testlng of the electrlcal parameters. The source
17 and drain 18 are located in the smngle silicon substrate 19,
the interpoly layer 14 is seen between poly 1 and poly 2. The
thin tunneling layer 16 is.cbnstructed oh the single crystal'
substrate above the seurce'and'drain. The.cenhecting tab to the
poly 2 (the control gate) is made with the tﬁngsten silicide

 layer 13 aﬁd’the'pely-eap 15.

Fig. 2 shows a physical.and'mathematlcal model'ef.thelrodgh'

surface created by_LPCVD of poly 1 layer lllffig. ll,:which'is

_ characteristic of the eonventienal (Prior_Art) flash memory
ﬂ'deviee structure. The mathematical medel is based”eh ‘the
equat:.on Eedge/Eplane = ((1 + (r/Tono)))/(r/Tano) . The electr:Lc field
-1ncreases w1th decrea31ng dlstance between two charge p01nts.
'.The equatlon is a ratlo relatlng the E-fleld at the convex edge
.32 to that in the planar edge face 31, where r is the radlus 36
1'of the-convex edge_32 and:Tgm is the period/distance between
'roughhess cycles within the_interpely-layer'33 ofloﬁO.ILayerﬁ34
._dis.theelayer of poly 1 (the Prior Art flbating gate),'layer 35
is_the layer poly 2 (the frior Art contrel gate).'The_equation.
demonstrates the effect of sharp"(Small-“r”)fimperfeetidhslin.
.the'semicenductor'surfaceu A smalllradius-ﬁr? makes the ration
x/Toro small, since the ‘ratio Eedge/gplan; is " ih\_r'ersely proportional

te the ratio r/Tomo the small “r”. (sharp surface irregularlties)



results in a large value for the ratio Eedge/Eplane- Th:Ls 1nd1cates
that surface lrregularltles in the surface of the poly 1 1ayer
32 result in creating points of high electric field
concentratlon in the 1nterpoly ONO layer 33. Surface

| 1rregu1ar1t1es and therefore p01nts of hlgh electrlc fleld

| concentration are further emphasxzed when subjectlng the surface
to plasma charglng or electrlcal stress;ng. The result is a
severe perfOrmance degradation of the'Prlor.Art flash nemory

device.

' U.S Patent 5;479,368dto Keshtbod shows a flash cell with an
interpoly dielectric formed on a_subStrate and a vertically

floating gate.

us Patent 4,957,877 to Tam et al shows a method for formlng
a flash dual cell’ w1th doped reglons under a flnger of a

floating gate:

U. S. Patent 5,587/332 to Chang'et al. shows a flash memory
cell with polysilicon control gate on.top'of-the'interpoly
dieleCtric laYer} and the source/drain implanted in the:silicon_

substrate, which is the conventional stackinghstructure.



BRIEF SUMMARY OF THE INVENTION

A principle objéct of the present invention is to provide

for a new reversed flash memory device structure.

A new.reversed flash-memory device structure.is created by -
'_flrst grow1ng/dep031t1ng poly 2, the control gate within the

single crystal silicon. The control gate is grown using shallow
trench isolation (STI) resulting in a sillcon_substrate surface
that is essentially free ofhsurface roughness and/or edginess. =
The substrate surface provideslthe.basisgfor the.remaining'

layers, including the formation;of’the source*and drain;'

Another object of the'inventionsis'to'provide a process
methodology for maklng the new dev1ce structure of the reverse
~ flash memory dev1ce. The sequence ‘of processing steps moves |
from poly 1 - poly 2 - source/draln to poly 2 - poly 1 - o
source/drain,'with growth/deposition.of the-suitable'dielectric '
layers between the poly layers to establlsh the floatlng gate

and the tunnel effect at the source and draln, in that order.

A further objective of. this invention relates to

fabrication of flash devices with smailer dimensions, e.g. less’




'than 0.35 micron'géte'iength. Sub—microhigéhstructicp of- flash'
memory dévicés experiences considerably diffiéulty using the |

~.conventional flash sﬁack.-The new reversed structure of the
present invention reduces corners (the céénérs are blockedfby
:the STT). The channel léﬁgth;ﬁithin_thé_flash membry'devicé is
therefore stricﬁly determihed by'photoliyhogréphy,'There are no
short channel devicé'éffecﬁs'to limit thé contioi géte lenéth

 during fabrication at sub-micron dimensions.
Yet another objective of reversed memory cell devices is
to increase the gate ¢oupling coefficiénts_and to reduce
programming voltages to more favorable vaiues.

BRIEF DESCRIPTION OF THE DRAWINGS

In the accompanying drawings forming a material part of

this description, there is shown:

. Fig. 1 is a crbss4se¢tional view of a Ptior_Art flash

. memory cell.

Fig. 2 shows a diagram and associate mathematical model of

an imperfect intérface'betWeenipoly 1'anq‘pdly 2.



Fig. 3 is a cross-sectional view of the reversed flash

memory cell.

Fig. 4:is a cross section of a substrate with shallow

trench isolation areas.

Fig; 5 shows the formation. of a screen oxide, photoresist

;dep051tlon/patternlng/etchlng and the depos;tlon of the n—dopant'

{(for the formation of the poly 2 control gate)

Fig. 6 illustrates the smooth substrate surface following

the removal of the photofesist and'sefeen oxide.

Fig. 7 shows the'formatienfof'a.layer_of.interpoly
dlelectrlc together w1th perlpheral gate oxlde and activation of

the dopants in the control gate.

Fig. 8 shows the dep051tlon of a layer of poly 1 (for the’
formatlon of the floatlng .gate) - and the |

_dep051tlon/patternlng/etching.of-a-photoresist mask. -

Fig. 9 shows the results of a dry etch applied to the

surface of the poly 1 and the photoresist:_



Fig. 10 shows”théideposition of a layer-of.undoped poly or |
a layer of sputteied silicon (annealed) and. the

‘depositing/patterning/etching of photoresist.

'Fig. 11 shows the dépoSition of a layer of CVD oxide and ..

the depositing/patterning/étching of'photbxesist,

Fig. 12 shows a cross'seétional view of the-completed
reverse flash memory. cell and the peripheral transistors after
the layer of CVD oxide has been etched and_dyring'the

implantation of the source/drain regions. .
Fig. 13 shows-a top view of the flash memory. cell.
DESCRIPTION OF THE PREFERRED EMBODIMENTS

Flash memory combines the_benefité of the EPROM's

~low cost with the.EEPROﬁ's ease of erasure-and ieloéding

of the stored data and progiams; Flasﬁ.chip architgciufes exist
that allow variabié size of partitibns of ¢dde'and'data size On' 
one chip. Elash_memory is a fa;t-grbwing market,_béihg used in i
"digitallcaméras, BDA;S,_voi¢e recorders, sélid?§tat§'disks, and
célltlar—phone-embedded mémory arrays,'memoryfcard products, and

other hand-held computer/nétwoik applications. Its major



attraction'is first-page-mode, fast-randOm.access performance-at :

less than 100 nanoseconds.

Fig. 3 is the cross- sectlonal view of the reversed flash
memory device of the: present 1nventlon. Shown are the floatlng

gate poly 1 layer 21 on top of the control gate poly 2 layer 22,

"the 1atter being constructed w1th1n the slngle crystal substrate
29. The shallow trench 1solatlon regions 26 deflne the region 22

'for the control gate poly-2 -The source reglon 27 and.draln

region 28 are constructed 1n another poly5111con layer 23
dep051ted over the poly 1 layer 21. The 1nterpoly layer 24 is
shown to be fabricated on the smoothtsurface of the silicon
substrate 29.- The photoresist.25 is'shown at'the top of.the.

stack, this photoresist 25 is used to mask the n-dopant during

‘the fabrication of the source (27)'and'drain.(28) regions.

Fig. 4 shows a'cro33-seetfontcf-the silicon substrate 29,
the Shallow Trench Isolation'(STl)_regions 26; The area 22’
between the STI areas 26 defines the arealwhere the poly'z will
be 1mplanted and the control ‘gate w1ll be formed The novelty of
the present 1nventlon stems from the need to. achleve more "'
integrity in the electrlc fleld-strength w1th1n the thin |
interpoly (24) film dlelectrlcs of the flash memory dev1ce.

(refer to_Flg. 2). This requlres that the formatlon of poxnts or ..
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concentration of high'electric field strength within the
‘interpoly dielectric must be avoided. This integrity-can be
_achieved by reversihgithe,flash memory structﬁre, beginning the
fabrication of the flash cell with the n—dopant_control poly 2
':.region 22 isolated by shailoﬁ:trenches:26 in the p-type single

' crystai substrate 29 This procedure reeuits in e surface'of the
silicon substrate that is- smoother, 1n addltlon further
smoothlng of the surface occurs via the 1mpact of amorphlzetlon
during doping of the poly 2 (22, Flg.t4);;A.smoother surface

results in fewer undesired convex edges.

buring the creation'or the STI (26, Eio;_4), usecie'made'of
CMP in order to remove exceSSIOgide at_the-trehches that have
been'created-IA nitride/oxide protective.layer'is availahle on
the s;llcon 1slands (where the dev1ces will be bulld) that acts.
-as the oxide—-CMP. stop layer. The nltrlde/oxlde 1ayer protects

the silicon surface from the mechanical grlndlng.actlons of CMP.

Fig. 5 shows a cross section after the formation-of-a layer
52 of screening.oxide-ahd'the depositing/petternihg'and etching :
of a layer 54 of photore51st Also shown is the 1mplant 56 of Sb
to form the n—doped layer 58, that is the poly 2 control gate.'

Layer 52 of screen_oxrde is between about_300 and 500 Angstrom

11



fthick; The layer 54 of photoresist is betWeen about 0.8 and 1.2

um thick.

The doping to créate the n4dé§ed 1ayef 58 (Fig. 5) is
pexrformed by implanting antimoQQ.at a ﬁpéé betwéén about 10is-énd
10'® atomms/cm’ with an' energy between about 200 and 250 KeV said
| doping té:préceed over é.period‘of'ﬁetween about 300 and 360
seconds, these paraﬁéters_typically apply for é batch-_
.implantation 6f 13 wafers. Thg-dopént typiéaiiy penetrate about
1500 Angstrom into the Silicon'whereby:furthgr the'fypical depth
of the STI is ébout o.1s'um'5nd-£héfwidth ofithe STI thét is

oﬁerlaid by the photoresiSt iélaboutfo;lé.um.:

'_Fig.'6'showé ﬁhe resul£s o£'tﬁe_rém§#a1 §f.s¢reen oxidé-
.1ayer'52 (Fig. 5) and the rembval of the photoresist (54, Fig. .
_5).}Due to the indicated reversa1-in the prbééssing steps ih- :
forming the flash mémofyTCell; the top surface 62_of_thé poly 2
1age£, that is ﬁséd for ﬁhe férmation of the other layers within
the céll{ is cbnside:ab;y.improved in-émoothness and can, in |

addition,.withStand subséquent“high,temperature proceésihg.

 Fig. 7 shows theé results of the thermal growth of a layer
72 of high temperaturé'oxide:(HTO) foliowed'by oxide annealing

at high tempéfatures (850 degtees C.). The surface of the oxide

12



created inythis manner-will,be_better than7oonventional
(deposited) stacked dielectric,.the 1atter typically poses
__problems such as interfacial effects. The lnterpoly layer 72 in
'the reversed cell can be made of a high-temperature oxide HTO,
including a denslflcatlon step con31st1ng of subsequent oxygen
annealing at SSQ'degrees Centigrade. It is Well known in the art
that HTO generates a uniform thin-film dielectrio1that-exhibits'
high electrlc breakdown strength. The 1nd1cated proce331ng steps
of h1gh temperature oxldatlon and oxygen anneallng result in the
formation of the 1nterpoly dlelectrlc layer 72 and a layer of
peripheral gate oxldefln addltlon-to the aet;vatlon of the

hpreviously implanted dopants.

The HTO on doped poly 2 (72, Flg. 7) will; as is well known
in the art, be thlcker than the HTO that is grown on other,"- |
undoped slllcon substrate layers such as the peripheral gate
oxide. Layer 72 typrcally 1s_between about 100 and 200 Angstrom
thick, the'peripheral_oxide.typically_is between:about 60 and

- 100 Angstrom thick.

The process'parameters for the HTO growth are'as folloms:
temperature between about 800 and 900 degrees C., time between

about 10 and 15 mlnutes, the process is performed in an thorlum
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(Th) atmosphere that is about 10% steam diluted in O2 combined

with a Th with Nz atmosphere.

The prOCessing conditions for the-HTO oxygen
annealrng/actlvatlon of the dopants are as follows~ the
temperature is between’ about 800 and 900 degrees C., for a time -
of about:30 minutes. This,anneal results'ln (the_advantages of)

~a reflow of the grown HTO and in the activation of the dopants._'

In a conventional flash memory stack, the 1nterpoly is
often made of a multi-layer ‘ONO dlelectrlc (oxlde-nltrlde-
oxide). ONO scaling'is_difficult below 20 manometers, however,
because while thinning down hoth.the'hitride-and the bottom
oxide to reach below 20 nanometers.of ONO, the top oxide should
be in the range of Q-IO-manometersﬁtQﬁo processihg steps,involve
cieaniug by oxide etchihg,ahd re-oxidizingjthe_LPCVD nitride.

- layer during the growth of.thehgate oxide.'The reverse memory
~cell structure permits a-simplif;ed sequence of process steps

using HTO for ‘the interpoly layer.

The .processing conditions for the polyl dopant implant are
as follows: dopants P or As,_dose'about_lo15 atoms/cm?, ehergy 10
to 15 KeV. The benefit'of-this blanket implant is that no

specific mask is required.
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Figs. 8 and 9 show,_after the coméletioh'of the high
temperature oxidation, the.formation of the.floatih§ gate. The
polysilicon layer 81 that is deposited.onlthe interpoiy'
:dlelectrlc 72 (Fig. 7) becomes the flash poly 1 and subsequently_
the floating gate.’ F1g 8 shows the deposltlon of a layer 81 of
polysilicon and,the’oreation of a photore81st mask 82"p051t10ned
such as to permit a dry etch of the layer.81 therehf_formihg-the
poly.l floating gate. The deposited layer.al Qf poly.is between

:about 1250 and 1500 Angstrom thick.

Referring to:FiotlQ}'the poly 1 struoture 92 is?iliustrated
with a leping.profile; f;oatihg gate_92 is.created by a dry
etch-of-polysilicon layer 81-(Fig. 8). A'sloping profiletfor
poly 1 gate 92 is de51red on the floatlng poly 1 to 1nten51fy
the electrlc fleld at the corners of the floatlng gate. The next
step is to remove the photores1st 82 (Flg. 8) by means of dry
oxidat;on thereby formlng-the.tunnellng—oxlde_SI, whlch is a

very thin film of oxide'needed between the source and drain of a

- flash memory de#icet

15



The 510ping edges of_fhe floating gate 92 offe:_a number of

advantages,'as.foilows:

.-sharp angles of the gaté sttuéture readily résulté in tunnel
oxide breakdown at the corners of the gafé due to the
igcreased electromagnetic ﬁigld in tpeéé :egiéns |
thg_absence.ofjshaip édges ér anéles-alsoiallows for a better-
_féfiow.and improved uﬁiformity of ¢over§gé'by the overlying
poly or by sputfered silicon | |

the structure of‘the'inventién as shoWﬁ'aiéo allows for easier
_érogramming.of the device sincé the_electric fieid is higher 
at thé_source/drain régidﬁé'of thé.device1 |
finally, iﬁ i# easie;'tb etqh away #hé overlying pol&-silican
or to sputterisilicon_in.thg_regions thét house therberipherai

transistors.

- The tunnelihg oxidejlayer“91 serves as the-gate oxide iayer

-and further provides increased'reSistance to hot carriers. The

layer 91 is typically between about 60 and 80 Angstrom thick for
0.35 um';ule devices. Layer 91 is formed using LPCVD of TEOS or

LPCVD of Tazs or again applying HTO.

- Figs. 10 through 12 showsﬁthe'final,procéssing step in
fabricating the reverse céll.is the formation of the SOﬁrce'and

drain regions of the flash memory cell.
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Fig; 10 shows theideposition of a layer 100 of undoped )
gpolysilicon on top of the layer Of tunneiing.bxide Bi In
addition a layer of photoresist (not shown in 1ts entlrety) is
:dePOSlted over the layer 100 of undoped polys;llcon, this layer
Hof photore51st is patterned, exposed and etched such that a mask
101 of photoresist is formed, this mask 101 selectlvely protects
the underlylng-undoped poly durlng-removal of the unprotected
: undoped_poly'layer.or sputtered silicon{ This protection assures
that the undoped poly will not be remojedrin the area.that is
:abome and aligned with the . re%erse flash memory'celi-includiné
the STI's of the cell Layer 100 of undoped poly is typlcally
between about 0.1 and 0 3 um thlck. It can be formed by blanket
implant of p-doped .or forjln—s1tu 1mp1ant of Bﬂh, preferably a
BF2 implant with a densit& of between-about 10! and110127-
atoms/cm® at an energy of between about 10 and 15 KeV..Layer 101'

" is typlcally between about 0 8 and 1. 2 um thlck.

Fig. 11 shows the results after the layer 100 (Fig. 10) of
undoped poly oxr sputtered:siliconIis,.proteoted by the etched
. photoresist layer 101 (Fig. 10), etched thereby forming_an
" etched layexr 103 of undoped poly'superimposed.over the reverse
:tlash memory structtre. Fig..li'further shows the deposition of
a layer of CVD,oxide 111 together with the'ereation.of-a pattern

of photoresist 102. fhe latter two steps are required'as

17



preparation for the implantation'of the n—dopant into the
undoped poly 100 (Fig. 10)._It is clear from Fig. 11 that the
photore31st pattern 102 is such that the areas 104 in between .
the pattern are above and aligned with the areas of the reversed'
._memory.cell and its'surroonding.peripheral areafwhere

source/drain regions are to be implanted.

Fig. 12 shows the resﬁltsiof.the'etching of the CVD oxide
layer 111 (Fig} 11) thereby creating-deep.openings_into the |
layer through which the source/drain regions can be implanted.
Fig. 12 further shows the 1mplantation 106 of the source/drain_'.
regions in the reverseq flash_memory'oell in addition to the
implahtation-losgof.the souroe/drain;regiOns-ih the actite
peripheral areas'surroundinggthe'reverse& flash'ﬁemoryﬁoell. The
rsource/drain regions of.the'reYersedfflash-@emory.cell'are
| highlighted by 27 and 28Lrespectively,fthelsource/drain'of:the
activeﬁperipheral areas a;e, forgSimplicitY-of presentatiOn, not -

‘highlighted.

'The undoped'poly (163) as shown ih Fig. 12 or the sputtered
:f51licon at the source/drain. regions may be etched away resulting
in thinner poly or silicon in these areas. ‘This however is not

critical because good results can - be obtained by having shallow

"junctions combined with lower leakage.

18



The thickness of layer_lll, Fig. 11, can be_accommodated by -
‘either performing an oxide etchback or by performing an oxide
CMP ‘after which an opening is etched to perform the source/drain

implent.

The 1mplant condltlons for the 1mplant 106/108 shown 1n
Fig. 12 are as follows. implant P or As w1th an energy of B

between about 10 and 30 KeV and a dose of about 10“ atoms/cm®.

The photoreszst that is shown in Flg. 12 is removed prlor
to source/drain 1mplant in order to prevent sputtered resldue of

‘the photoresist to settle 1n the etched open;ngs.

When the electric poteﬁtial.ls applled_betweeﬂ souroe and
draih, some electrons ttnnel'into'the floating'gate.'The amount
"of this electron charge depOSlted on the floatlng gate is
determlned by the poly 2 control gate, as is known from the
.physios of both the conventional cell and (this'novel) reversed
flash cell. The poly 2 oohtrol gate indﬁoes a voltage'oﬁ the
poly 1'floating gate'which results in eleotrop'inﬁection'end

tunneling from the source or drain regions.

The hot electron injection in a reverse gate flash memory

cell is caused by the intense;electromagnetic.field in the
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source/drain regions that is caused by the sloping profile. In
this manner; efficient tunneling of electrons into the polyl can

be realized using a smaller poiy 2 control voltage.

;Fig.'13 shows a top view df-the.flesn memorf ceil.
Highlighted are 21 which is poly 2 (the .em:bedded_control_ gate), -
| 22 which is poly 1 (or the floatlng gate), G'ﬁnich'are the STi
reglons, 27/28 which are the source/drain reglons and 106 whlch
is the substrate tap. The electrical.potentlal on_the embedded

poly 2 is applied to 22, the control gate showndin Fig. 13.

The substrate tap 106 forms thercurth'terminal of the
device and is formed on the p-type siliccn substrate. It is
.electrlcally disconnected from the source/draln and from the

embedded ‘poly 2 and prov1des further electrlcal 1solatlon.

Functionally, a group of cells or an entire flash IC can be

eiectrically erased.

Some further advantages that result from the reverse cell
-as. they relate to byte and sector enasing are:
- Improved operational reliability due to improved inter-

facial conditions
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- smaller :devices.are“possible whereby the dimensions of
'the channel are limited.only by availéble_lithography
technology

- an embedded deévice structﬁre is realized.

The range of typlcal operatlonal voltages that are.
applied to. the cell for the various functlonal condltlons
.are listed below. The functlon performed by the cell is -
.llsted on the first row of the table, in each column for L
the respective functions are llsted.ln_sequence'the applied
-control'gatelvoltaoe;'the-applied source voltageg the
applied drain toltageleno the-substrete voltage.;No voltage
is applied to-the.floating“gate @urlng the operation of the

‘cell. All number indicated are in volts.

Programming . Erasing  Read
C.G. +(5 - 12) L =(5 - 12) ‘2.5 - 5.
Source 0-5 . 0 -5 0
'Drain 0-5 - 0-5  1-1.5
Substrate ©0 . o 0

The peripheral transistors are fabricated in conjunction

with the flash cells, as shown on the right hand side of Figures
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10, 11, and 12. There are several device types that can be
placed on the perlpheral area, and'their detailed processing
steps would be chosen to fabricatelthat particdlar structure.
éeripheral transistors are'uSed for memory'control, includlng
‘such functions as byte—seotor size, error;correotion code, bad-
sector mapping, etc. These functions need'not be-provided on a

' reverse flash memory cell 1f they are provxded on a companion
_flash memory control IC. Flash memory can also be embedded on
.'micro-controller IC's in place-of a ROM'blockt Regarding current
state-of the art, 256 kllobytes of on-chlp flash is commerc1ally
avallable. ‘Flash memory is alsé avallable w1th the capac1ty to.
store one hour of audlo recordlng on a 51ngle Chlp. All these
-appllcatlons will benefit: from the 31mp11f1ed structure of a

reversed_flash memory cell.-

”Becanse flash memorylcells uSe very thin-oxides; its'thin—
_dlelectrlc rellablllty often degrades after extensive
'-erase/wrlte cycllng, i. e. more than a few thousand cycles,_and
stored charge'w1ll leak away, thds destroylng data bits orx
programmed.instruotion oode.iheversed.memory'cells hate been
cycled into the range of 300,000 to one mllllon cycles, and
claims exist for 20-year data retentlon.'The practical

experimental data for the-novel reversed flash memory cells
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shows erase/write cycle endurance of 10 and 15 years data

retention.

Although ‘the preferred embodlment of the present
-1nventlon has been dlsclosed for 1llustrat1ve purposes, those

- skilled in the art ;111 apprec;ate that various modlflcatlons,
additions and substltutlons are p0351b1e w1thout departlng £rom

the scope and Splrlt of the 1nventlon ‘as- dlsclosed 1n the

_accompanylng claims.

- 23



What is.ciaimed is:

1. A method for manufacturing a mnltiiayer pélysilicon

._device including peripheral trénsistoré,_said nethod cbmprising
the steps of: |

Securing a semicqnducto:,subst#ate;

Forming a control gate in-the surface'qf'sﬁid semiconductor

| substrate; : _._ ._. S :.
Forming a-floatin§ gate on thessurfacezof-said semiconductor
suBStrate; and o ” | |

| Forming source and drain regiQﬁ$ within saiq mhltiiayer.

polysiliéqn device.

2. The'method oﬁ'élaim 1:whe;ein-said forming~a’contfol

gate in the surface of said-semicénductoﬁ-substfate is:

?ormigg shallow trench isolation feéionS'within the sufface of

.séid substrate; | | . |

Depositing a thin 1ayer.§f sgreéﬁ oxide over the surface of said
substrate; | |

' DepoSiting a 1ayer of pﬁdﬁb;esist-oﬁé:-said iayer Of Screen
Okide? _ _ _ 3 : _ _

'.Pétterniﬁg said layer of photofesist; 

' Etching said layer of ph?ﬁoreéiSt{-

Doping the surface of said substrate;

Removing said etehed photoresists aad  yINIINNM
. ; _ _ *anS*"'-
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'Removing said thin layer of screen oxide.f_

3. The method of claim 2 wherein said shallow trench isolation

' regions are adjacent and functionally related STI regions.

4. The method of.¢1aim 2 wherein said patterning is

creating a pattern ﬁherein the photore§i$£ apbroxiﬁately._
overlaying Said_STI areés-and thei: int:a4STI:éfeas;will be
exposed upon inter—positioning of said ﬁéttefn between a source

of exposure and said layer of photoresist. -

| 5. The method of claim 2 wﬁerein said etéhing saidVlayer of
.photores1st 1s remov1ng sald photore31st from the surface of
said thin layer of screen oxlde sald remov1ng to occur ln the
~ areas of sald photore51st-that are approx;mately abqve and'allgn
with adjacént ahd fﬁncti§na11y relatéd STI aféas'fuxthe:moié
said removing to occur abofé the intra-STI-areas of said

~ adjacent and fuhétionally related intra-STI areas..

6.The.method of_claim 2 wherein said doping the surface of

- .said substrate.is implanting of3antimqny aﬁ a dose in ﬁhe range
of 1x10™® to 1x10% atoms/cm’ and an eneréy_in'the range of 200 to
250 kilo-electron volts said doping to proééed over a period of -

time between 300 and 360 seconds thereby cfeating a.qént;ol;gaté
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'eonsisting of an'intra-STI-regien of-n—doped silicon material
said region extending into said substrate surface to a depth

considerably less than the depth of said STI regions.

7. The method of claim Zbﬁherein Said_removihghsaid etched
phetoresist is removinghthe phbtdresist:inyareas'en the'surface
"of said thin layer of eate oxfgenthat have'not previously been
. remoyed by said batterning_and.etching.of.said layexr of

photoresist thereby creating'a'cleahzsurface of said"substrate.

é.The method of claim 1 wherein said.forming'affleating

Qate oh the surface of:Saidfsemiconductor substrate is;
Performing a hlgh temperature oxlde depoeltlon on the surface of
.sald substrate thereby formlng 1nterpoly dlelectrlc thereby
further formlng perlpheral gate ox1de,

Performlng a high temperature oxide . anneallhg of eale gate oxide
thereby 1mprov1ng the 1nterpoly dlelectrlc furthermore 1mproving
sald perlpheral gate oxlde. |
1mplantat10n of dopant thereby further actlvatlng sald control
_gate 1mp1ant,

' Dep051t1ng a layer of poly3111con on top of sald oxlde
dep051tlon;

Depositing-a layer of photoresist on_t0p”of'said layer of

- polisilicon;
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"Patterning.and etchihg said layer of'phOtbresist;

- Dry etching said layer of poly5111con 1nclud1ng said 1nterpoly

_ dlelectrlc further including said peripheral gate oxlde ; ahd
Performing a dry oxidatibn-of;said polysilicon and'said layer of

HTO.

9. The method of.clarm é“wherein said performingﬂa:high
temperature-oxide'depoSitioh'is a depbsitieh_ahd'ahneaiing at
between 800 and'soo:degrees C. of a 1ayé: of oxide on the 

- surface of said substrate thereby forminj-fhe interpbiy or
dielectric for said flash memory-eell therehy further'fgrming'
the dielectric for'saia peripheral Qatea-thereby'furrherﬁore.:

activating said ahtimbhy dopants. -

10. The method of clalm 8 whereln said patternlng of sald
layer of photore31st is creatlng a pattern whereby sald
photore51st is overlaylng said control gate furthermore

'_partially overlaying sa;d STI areas adjacent to and_functionally

related to said control gate.

A

11. The method of claim 8 wherein said-etchihg'Said-layer
'of photoresist is creating a pattern of photoreSist above and in
line with said control gate said pattern further partially

ektending over each of said STI regions adjaCent'to and
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functionally related.with said control gate'thereby creating a

pattern of photoresist on top of'said'layer of polysilicon.

12. The method of claim 8 wherein:said dry etching said

layer of polysilicon is.etching-in accordance-nith said pattern
of photoresist on top'of-said'layer of polysilicon-thereby
creatlng ‘a pattern of poly3111con above and 1n llne with sald
control gate with sloplng 31des said sloplng s1des extending
beyond the vertical d;men51ons of sald control gate thereby-
further remov1ng said pattern of photores1st on top of said
1ayer of polysilicon thereby creatlng the floatlng gate of the

flash memory dev1ce.-

13. " The method. of claim 8 wherein said performing a dry
oxldatlon of said poly51llcon 1s formlng ‘a thin layer of
tunnellng oxide said tunnellng oxlde overlaylng said pattern of

polysilicon furthermoregoverlaylng sald perlpheral gate ox1de.

14. _The-method of claiﬁ ilwherein eaid'forming source and
drain_regions'within'said mnltilayer.polysilicon'device is:
" Depositing a layer of undoped polysilicon overlaying said

pattern of polysilieon furthermore-OVeriaying said peripheral
' e

T

gate oxide.
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Depositing a first léyerfdf.photoresiSt.d#ei'said undoped
polysiiicon; . | |

. Patterning and etChing'said first 1ayér offphotoresist;
'_DepdSiting.a layerIOf CVD oxide over said patterned first layer
of pﬁotoresist furthermore aferlayinéssaid péripheral gate
oxidé;' .

'Depogiting a sécond.iayer of photoresist ovef said Iayer-pf CVD
oxide; | | |
'Patﬁerning_and etghing'said:ségond ia?ef_of photo;esist;_
Etching said-layei 6f_CVD oxide; and '_

 Performing source.and,drain implant.

15. The method of claim 14 wherein said depositing a layer
of Qnddped'polysilicon,is.depositing a layer of undoped

polysilicon'on the surféce of said layer of tunneling oxide.'

16. The method of claim 14 wherein said depositing a first
layer of photorésist'is depositing a .layer of photoreSist on top

- of said layer of undoped polysilicon.

17. The method of claim 14 wherein said patterning said
first layer of photoresist is creating a pattérn that inhibits
exposure to a_sburée'Of energy of the area above and in line

with said flpatiné gate with_a significant overlap or extending

oo |
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beyond'the limits of said-floating gate said inhibition of
exposure to occur upon inter—positioning of said pattern between
said source of energy and said first layer of photoresist

thereby creating a first photoresist_pattern,

18. The method of claim 14 whereinlsaid;etching_said first
layer of photoresist is removing said:first:layer of photoresist

in accordance with said first photoresist pattern. -

19. The.method of claim 14.wherein said debositingsa layer

of CVD orideIis.depositiug-a:iayer of-CVD'okide over said first
photoresist pattern further depoSitihg said_CVD oxide'over-said_
layer of tunneliqg oxide ﬁhereby'thedrop,surface of said layer.

of CVD oxide'is planarized after-deposition,

20. -The method of claim:14=Wherein'said depositing a

- second -layer of photoresist'is depositing a layer ‘of photoresist

o s of sk e £ S oxkie LA

- 21; The method of clalm 13 whereln sald patternlng and
etchlng Sald second 1ayer of photoreSLSt is creatlng a pattern

that does not inhibit exposure to a source of energy of the area

above and in llne with the source and draln regions of sald

‘floating gate and the source and_drain regions of surrounding
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active devices said lack of inhibition of.eipoaure to occur upon.
inter-positioning of said pattern.betneen-said source of energy
and sald second layer of photore51st said patterning to be
followed by etchlng of said second 1ayer of photore51st in
accordance with sald pattern thereby creatlng_a second |

photoresist pattern.'

.22, .The method of claim 14 whereln sald etchlng said layer of
CVD oxlde is- etchlng said 1ayer of CVD: oxide in accordance w1th
the second photore51st pattern thereby creating openlngs in sald
CVD oxide layer for the 1mplantatlon of source and draln

regions.

23: A method for'maanactnrdnc a nultiiayer nolysilicon
device.including peripheral:transistors,:said'method conpr;sing
the:steps of:' | | | |

Securing a semicondnctOr substrate;

Forming shallow'trench'iaolation regiona;Within the'surface'of
said substrate; | .
:'Depositing.a thin layer.of screen oxidel0ver the surface of said
ubstrate; |

Depositing a flrst layer of photore51st over said layer: of

e e e ||I||II| I IIIIIIIIII |l||||

. Patterning said first.layer of photoreslst:
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Etching said first.layer.ofﬂphotoresist;

Dopino the surface of said_substrate;.

._Removing said etched'first laYer of photoresist;

Remov1ng sald thln layer of screen oxlde.

Performlng a high temperature oxide deposrtlon on the surface of
.said substrate thereby forming interpoly dlelectrlc thereby
further formlng perlpheral gate oxide; | o . |
Performing a ‘high temperature ox1de anneallng of sa1d gate oxidé
thereby 1mprov1ng.the 1nterpoly dlelectr;c furthermore lmproylng-
.said peripheral gate.onide; '

lmplantation of dopant therebyyfurtherractivating sald control.
.gate implant; - | |
Depositing a.layer'of polysilicon on top of said oXioe
deposition; | o |

| Depositing.a Second'layerlof photdresist on top:of said'layeryof )
.'polysilicon: | | | | |
Patterning and etching said second layer of photbresist;

Dry etchlng said layer of polysmllcon 1nclud1ng sald 1nterpoly
'dlelectrlc further 1nclud1ng said perlpheral gate oxlde ;
Performing a dry ox;dat;on-of.sald poly3111con and sald layer of.';
HTO;

Depositing a layer'of_undopedtpolysilicon overlaying said

pattern of polysilicon furthermore overlaying said peripheral

ga'te_ wae SRR A
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'-bepositiné a third layer of-photoresist over said undoped
polysilicon; | |
Patterning and etching said third layer of.photoresist;'
Depositing a layer of CVD oxide over said patterned thlrd layer
of photores1st furthermore overlaylng said perlpheral gate-
oxide; |

'Dep031t1ng a fourth layer of photore31st,

.Patterning and etchlng said fourth 1ayer of photore51st,
Etching said layer of CVD.ox1de; andf.-

Performing source and drain implant.

24. The method of clalm 23 whereln sald shallow trench

isolation reglons are adjacent and functlonally related STI

regions.

25. The method of claiﬁ-23 wherein.said patterning said
first layer of photore51st 1s creatlng a pattern whereln sald
first photore51st patternlapproxlmately overlaylng such that
-sald.STI-areasland their 1ntra—STI areas will be exposed upon -
inter-positioning of-said-pattern:hetween a sonree of exposure

and said first layer of photoreeist_thereby creating a first

* c L M S *

photoresist pattern.
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26. The method of claim'23.ﬁherein said etching.said'first
layer of photoresist is removing saidlfirst_photoreSist from the
-sﬁrface of said thin layer of screen oxide'said removing to
_occur in the areas of said first photoresist that are "
approximately above aad'aliga with.adﬁacent and functionally

) related STI areas furthermore said remov1ng to occur above the
lntra-STI areas of sald adjacent and functlonally related 1ntra—

STI areas.

27, ~ The method.of claim 23 wherein said'doping the-surface-

of said subetrate is.implanting of antimony at a doee in'the
range of 1x1015.to 1x10".6 atome/cnf'anddan'energy inlthe range of
200 to 250 kllo-electron volts said doplng to proceed over a
perlod of tlme between 300 and 360 seconds thereby creatlng a.
- control gate con31st1ng of an 1ntra-STI region of n-doped
.31llcon materlal sa1d reglon extendlng 1nto sald substrate
surface to a depth con31derably les5'than the depth of said STI

regions.

28. The_methodrof'claim 23 wherein said removingfsaid etched
_first_photoresist is_removing'the photoresist in areas on the
surface of said thin_layer'of gate oxide that have not

previously been removed by said patternihg-and etcﬁing of said

I
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first layer of photoresist thereby creating-a clean surface of

said substrate.

29. The method of clalm 23 whereln said performlng a hlgh
temperature oxide dep051tlon is a dep031tlon and anneallng at
between 800 and 900 degrees C. of a 1ayer.of oxide on. the
surface of sald substrate thereby formlng the interpoly or
-dlelectrlc for sald flash memory cell thereby further formlng.
.the dielectric for said peripheral'gates thereby furthermore.

activating said antimony dopants.

- 30. The method of cla1m 23 whereln sald patternlng of sald

second ‘layer of photores;st 1s creatlng a pattern whereby said
_second_photoresist'ls cverlaylng sald control gate-furthermore
partially overlaying'said STi;areas“adjacent to and functionaliy .

related to said control gate. .

31. The method of claim.é3 wherein said etching said
seccnd layer cf photoresist is.creating'a'pattern of-phctoresist"
above and in line with said control‘gate said pattern furtner
epartially-extending cver each cf_said.STI regions adjaCent to
and functionally related with-said contrcl.gate thereby creating_

'.a second pattern of photore51st on top of said layer of

Ceewsien mmmwwm
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'32. The method of claim 23 wherein said dry etching said

~ layer ef polysilicon_is etehing in aceordanee with_said'pattern-
_.of photoresist on top of said layer of polySilicon-thereby
_creatlng a pattern of polys;llcon above and in line with sald
control gate with sloplng s;des said sloplng sides - extendlng
beyond the vertlcal dlmen51ons of sald control gate thereby
further removing said pattern of photore51st on top of sald
layer of polysilicon thereby,creatlng-the'float;ng'gate of the

flash memory device.

33. The method of claim_32‘wherein said performing a dry
oxidation of said polyeiii¢on is forming a thin layer of
" tunneling oxide said tunnelinguoxidecoveflaying'said pattetn_of'

. polysilicon'furthermope'overlaying'said-peripheral'gate'oxide._

34. The method of clalm 23 whereln said dep051t1ng a layer
of undoped poly51llcon is dep031tlng a 1ayer of undoped

polysilicon on the surface ‘of said layer of;tunneling oxide.

35. The method of clalm 23 whereln sald depos1t1ng a thlrd

. layer of photore31st is dep051t1ng a layer of photore31st on top .

of said 1ayer of undoped polys111con.
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'36. The'ﬁethod 6f claim 23 wherein said pa£terning said

_ thi;d layer of photoresist-ié creafiﬁg.a'pattern that inhibits
eXpbsure to a source of eneréy of the'area_above and in line
‘with said flbatiﬁg géte-with a'Significant ove:lap_br extending.
- beyond the iimits of Said floating gafe said inhibition §f
exposure to occur upbp_inter—positioning.of said Patterh:betwéen
said sourcé of energy'énd sai@ third 1a§er of photoresist

- thereby creating a third photoresist pattern.

37. The method of claim 23 wherein said étbhing said-third
layer of photoresist is removing.séid third layer of photoresist

in accordance with said third photoresist pattern.

38. Thé'method.of claiﬁ_ZBiwhéreih said depositing a iayér_
of CVD oxide is depésifing'é layer.bf CVb oxide over_said_fhird }
photoresist patterﬁ:furtbér'depOSiting said CVD oxide 6vérISaid:
1aye: of'tunneling oxide_whereby the”top sﬁrfacé.qf said layer

of CVD oxide is planarized afterfdepbsition.

39. The method of éiaim 23 whérein.said deposiﬁing_a

fourth layer of photoreSist_is;depositing a layer of phoforesiSt

: * c L M S * 3

on top of said layer of CVD oxide.
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40. The method of claim 23 wherein caid patterning and

etching said fourth layer of photoresiet is_creating a patterny'
that does not inhibit exposure to a source of energy of the .
-areas-above and in line with the source'and'drain regions'of
'sald floatlng gate and the source and draln reglons of
*'surroundlng actlve dev1ces said lack of lnhlbltlon of exposure
to occur upon 1nter-p051tlon1ng of sald pattern between Sald
source of energy and said fourth layer~of photore31st sald‘

' patterning to be followed by'etching of said fourth layer of
photore51st in accordance w1th said fourth pattern thereby

creating a fourth photore51st pattern.

41. The method of claim 23-wherein said etching said,layer of
CvVD oxlde is etchlng sa1d layer of CVD oxlde in accordance w1th
the fourth photoresmst pattern thereby creatlng openlngs in’ sald

“CVD oxide layer for the lmplantatlon of source and drain

regions.
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