Process Integration Schene of SONOS Technol ogy
Background of Invention 1) Field of the Invention
Enbodi nents of this invention relates generally to a
structure and nmethod for form ng a sem conductor
menory device and nore particularly to a SONOS nenory
device. 2) Description of the Prior Art Sem conduct or
menory devices in general can be divided into two
types: a random access nenory (RAM and a read only
menory (ROVM). The RAM such as a dynam c random
access nenory (DRAM) and a static access nenory
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Semiconductor memory devices in general can be divided into two types: a
random access memory (RAM) and a read only memory (ROM). The RAM, such
as a dynamic random access memory (DRAM) and a static access memory
(SRAM), is fast to input and output data and is volatile such that previously stored
data is removed after a predetermined time has passed or power turn-off.
Although the ROM keeps data once it is stored, it is slow to input and output data.
The ROM includes a Rom, a programmable ROM (PROM), an erasable PROM
(EPROM), and an electrically erasable PROM (EEPROM). Recently, there is an
increasing demand for EEPROM being capable of electrically programming or
removing data. The EEPROM or a cell of a flash memory having a bulk erasing
function has a stack type gate structure in which a floating gate and a control gate
are stacked.

Meanwhile, a quantum trap device has been the center of public attention as
a nonvolatile SRAM or a flash memory for a next generation device. The quantum

trap device has a silicon-oxide-nitride-oxide-silicon (SONOS) structure. Operation



t of the SONOS device having the SONCS structure is

divided into reading, programmng, and erasing. In

the case of programm ng, when a programvoltage is
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In the case of the SONQOS, since program/removal characteristics and retention
characteristics must be traded off with each other, it is impossible to improve the
program/removal characteristic and the retention characteristic simultaneously.
Accordingly, a proper trade off point between the removing characteristic and the
retention characteristic is desired so as to optimize an oxide-nitride-oxide layer of
the SONOS.

The importance of overcoming the various deficiencies noted above is
evidenced by the extensive technological development directed to the subject, as
documented by the relevant patent and technical literature. The closest and
apparently more relevant technical developments in the patent literature can be

gleaned by considering the following.



evi denced by the extensive technol ogi cal devel opnent
directed to the subject, as docunented by the

rel evant patent and technical literature. The cl osest
and apparently nore relevant technical devel opnments
in the patent literature can be gl eaned by
considering the foll ow ng. 2 US20050142801A1 : Met hod
for manufacturing sem conductor device - Inventor:

Lee, Kagobpgni 42@9&94\/]91’3@8#8} hfénﬁfadﬁﬁ’rr r%s&%ﬁ:&%ﬁw):r device -

Menory devi ce and net hod of nmaking -

Noyerjpe hieee Kaeli$a81,980180- gmﬁepubm of Iéomn conduct or
menory devi ce and manufacturing nethod thereof.
US6008112: Method for planarized self-aligned floating
gate to isolation Floating gate area formation for
sem conduct or non-vol atile nmenory device - |nventor
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US5622881: Packing density for flash memories - Inventor: Acocella,
Joyce E.;

US20020063277A1: Planar structure for non-volatile memory devices -
Inventor: Ramsbey, Mark T ;

US5168334: Non-volatile semiconductor memory Single transistor cell non-
volatile semiconductor memory - Inventor: Mitchell, Allan T.; Garland, TX

US20050236680A1: EEPROM and method of fabricating the same-
Inventor: Yoo, Tae-kwang

US20030075773A1: Semiconductor memory device - Inventor: Deml,
Christoph; Munich

US6946349: Method for integrating a SONOS gate oxide transistor into a
logic/analog integrated circuit having several gate oxide thicknesses - Inventor:
Lee, Jae Gon;



I nventor: Yoo, Tae-kwang US20030075773ALl:

Sem conduct or nenory device - Inventor: Denl,

Chri stoph; Munich US6946349: Method for integrating a
SONCS gate oxide transistor into a |ogic/analog
integrated circuit having several gate oxide

t hi cknesses - Inventor: Lee, Jae Gon; 3 Summary of
the Invention The follow ng presents a sinplified
summary in order to provide a basic understandi ng of
sonme aspects of sonme exanpl e enbodi nents of the
invention. This summary i s not an extensive overvi ew
of the exarrpl e enbodiSwmmaryroftthe Inventiani on. It is
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The example embodiments of the present invention provides a structure
and a method of manufacturing a memory device which is characterized as

follows.

e providing a substrate having a cell region, and a non-cell region;

e forming a charge storing film over the substrate;

o forming a pad layer over the charge storing film; the pad layer is comprised
of a conductive material;

¢ forming isolation trenches through the pad layer, and the charge storing film
and into the substrate at least in portions of the cell region;

¢ forming isolation regions in the isolation trenches;

e forming a gate layer over the pad layer and the substrate surface;

e patterning the charge storing film, the pad layer, and the gate layer to from

memory gate structures in the cell region.



formng isolation trenches through the pad | ayer, and
the charge storing film and into the substrate at

| east in portions of the cell region; formng
isolation regions in the isolation trenches; formng
a gate layer over the pad |layer and the substrate
surface; patterning the charge storing film the pad
| ayer, and the gate layer to from nenory gate
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are not exhaustive and/or exclusive. They are
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The above and below advantages and features are of representative
embodiments only, and are not exhaustive and/or exclusive. They are presented
only to assist in understanding the invention. It should be understood that they are
not representative of all the inventions defined by the claims, to be considered
limitations on the invention as defined by the claims, or limitations on equivalents
to the claims. For instance, some of these advantages may be mutually
contradictory, in that they cannot be simultaneously present in a single
embodiment. Similarly, some advantages are applicable to one aspect of the
invention, and inapplicable to others. Furthermore, certain aspects of the claimed
invention have not been discussed herein. However, no inference should be drawn
regarding those discussed herein relative to those not discussed herein other than
for purposes of space and reducing repetition. Thus, this summary of features and

advantages should not be considered dispositive in determining equivalence.
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only to assist in understanding the invention. It
shoul d be understood that they are not representative
of all the inventions defined by the clainms, to be
considered limtations on the invention as defined by
the clains, or limtations on equivalents to the
clains. For instance, sone of these advantages may be
mutual ly contradictory, in that they cannot be

si mul taneously present in a single enbodinent.
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aspect of the 1nvention, and inapplicable to others.
fallowing deserjpticsy franthesgiestings fancheomI tAE aIMSs; nvent i on
have not been di scussed herein. However, no inference
shoul d be drawn regarding those discussed herein
relative to those not discussed herein other than for
pur poses of space and reducing repetition. Thus, this
summary of features and advantages should not be
consi dered di spositive in determ ning equival ence.
Addi ti onal features and advantages of the invention
wi |l beconme apparent in the follow ng description,
fromthe drawi ngs, and fromthe clains. 6 Brief
Description of the Draw ngs The features and

advant ages of a sem conductor device according to the
present invention and further details of a process of
fabricating such a sem conductor device in accordance
with the present invention will be nore clearly
understood fromthe foll owi ng description taken in
conjunction with the acconpanying drawi ngs in which
i ke reference nuneral s designate simlar or
correspondi ng el enments, regions and portions and in
which: Figures 1, 2, 3, 4, 5, 6, 7 and 8 are cross
sectional views for illustrating a



met hod for manufacturing a nenory device according to
an exanpl e enbodi nent of the present invention.

Fi gures 9A, 913, 9C 9D and 9E are cross sectiona
views for illustrating a nethod for formng a nmenory
devi ce according to a process known to the inventors.
7 Detail ed Description of the Exanpl e Enbodi nents The
exanpl e enbodi nents of the present invention will be
described in detail with reference to the
acconpanyi ng drawi ngs. The exanpl e enbodi nents
provi de a net hod of forning a nenury devi ce such as a
SONGS nenory devi b e.desc on bel ow t he
abbrevi ati on ONO C@”% ﬁ?cf'Bt' eb'EﬂW'PQﬁt or
future configurations of a charge storlng

non- conductive nmulti-layered filmsuch as a tunne

di el ectric/charge storing/top insulating filns used in

em c or _ menor d'ce.l.F' t e | e :
erboai Neeaiphes R 2l Bse & a thmicnbAbet BETagacsording to the
pradesit Hivenabdl andTaHReHJERIIs ohe prbabsd éﬁﬁabﬂﬂatﬂfg duch a
sem conductor device. A feature of some exanple

sRmMRANGREIa deyiqeondgsesdanaenwitia ke geesenbirivegtion Wilkipe more clearly

ufiarstod? it TEId Bod MBI S 3R lrsE Sy he
attarpenying dmwmb i WhigH OK@Sﬁereﬁte&ﬁWQQFa@ﬁéanhﬂé%lmllar or
charge storing film(e.g ONO), gate pad (e.g., poly

%fdisfsm"ﬂﬁaa'efm@mtﬁd@gwmwa@ @ortdwomd @owl@léhuent ially,
in which ONO and gate pad are used in the SONCS cell.

Figures 1, 2, 3,4, 5,6, 7 and 8 are cross sectional views for illustrating a
method for manufacturing a memory device according to an example embodiment
of the present invention.

Figures 9A, 9B, 9C 9D and 9E are cross sectional views for illustrating a
method for forming a memory device according to a process known to the

inventors.



The enbodi nent's charge storing film(e.g., ONO
gquality is inproved because the gate pad layer is
preferably deposited next after charge storing film
deposition. This keeps the charge storing filmclean.
In the exanpl e enbodi nent bel ow t he charge storing
filmis described as a ONOfilm It is understood
that other filmconfigurations and conpositions can be
used. The charge storing filmcan be a nmulti-Iayered
non- conductive charge storing film 8 A provide a
substrate Referring to figure 1, we provide a
substrate memmgeacrapuonmgheﬁxmnp& Emthogimeate
dielectric region 14, and a thin gate dielectric
region 16. Logic devices can be formed in the

non- cghb éx%%ﬂé%mﬁdtﬁr'ﬁeﬂﬁs dfaet biééléngmv@nﬂotewﬂbbé described in
region 14, and the thin gate dielectric_region

tatailsvibs refatencedn the aaﬂgmgangmgairaww@d The example embodiments
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The first example embodiment provides a structure and a method for the
fabrication of a semiconductor device.

A feature of some example embodiments is to deposit the charge storing
film (e.g., ONO) prior to shallow trench isolation (STI) etch and fill process.
Instead of pad oxide and pad nitride for normal STI process, in embodiments, the
charge storing film (e.g., ONO), gate pad (e.g., poly Pad) and pad nitride film are
deposited sequentially, in which ONO and gate pad are used in the SONOS cell.
The embodiment’s charge storing film (e.g., ONO) quality is improved because
the gate pad layer is preferably deposited next after charge storing film deposition.
This keeps the charge storing film clean.

In the example embodiment below the charge storing film is described as a
ONO film. It is understood that other film configurations and compositions can be
used. The charge storing film can be a multi-layered non-conductive charge

storing film.



tunneling dielectric layer 20 can have a thickness
bet ween 20 and 80 angstrons. C. forma charge storing
| ayer We then forma charge storing | ayer 24 over the
tunneling dielectric layer 20. The charge storing

| ayer 24 can be conprised of silicon nitride or
oxynitride and is preferably conprised of silicon
nitride. The charge storing |ayer 24 can have a

thickness bhpbyRfda 3Upaircatd20 angstroms. D. forma top
insulating layer We forma top insulating | ayer 26

over Hulegidgabdigung 1| agirodidie a Suddteatb A HAVEAY th'e-ﬂgeglon 12, a
| ayer can be conprlsed of silicon oxide, or any

%MPK gplecdiglestrictagien Adt and althigrgatp dielectisl region w | lL@gJa devices
e oBOEG P o534 B8k Sl 20 R Ao Bt gooion 14,

dndltee thin gated@le@Ac rédgiendisar ge storing layer 24, and
t he tg_ge i nsul ating | ayer 26, when conprised of oxide,

nitri sthgirala e b?@é‘ﬁeﬁy{bistfét%luﬁ%m srMisanfeelonmanntacturing
gggﬁrés aTQF?c&{TWQFH ments are not limted to the 3

l'ayers, nor the conposition of oxide, nitride and

oxi deNehitjta cfmrgbestomg)ﬁllns 8d ioformuceovdrahe Subbiayier Besw we
future devel oped

e co d of current or
58%‘ ec%'hg? O%t%erﬁfd#swé qﬁ%‘%wea&m@&er@y%w be
dsdad | ayer over the top insulating layer W forma
(conductive) pad | ayer 36 over the top insulating
| ayer 26. The pad layer 36 is conprised of a
condu&t i vefonn @ iunineling: dietacivie lageeoventhe substrate

Next, we form a tunneling dielectric layer 20 over the substrate 10. The
tunneling dielectric layer 20 can be comprised of silicon oxide, oxinitride or any
other dielectric material and is preferably comprised of silicon oxide. The
tunneling dielectric layer 20 can have a thickness between 20 and 80 angstroms.

C. form a charge storing layer

We then form a charge storing layer 24 over the tunneling dielectric layer
20. The charge storing layer 24 can be comprised of silicon nitride or oxynitride
and is preferably comprised of silicon nitride.

The charge storing layer 24 can have a thickness between 30 and 120

angstroms.

D. form a top insulating layer

We form a top insulating layer 26 over charge storing layer 24.

9



into a gate electrode. The pad | ayer 36 can be
conprised of polysiiicon, or silicide or a

combi nation of polysilicon and silicide; and is
preferably conprised of polysilicon. The pad |ayer 36
can have a thickness between 500 and 2000 angstrons

F. forman optional pad dielectric |ayer over the pad
| ayer We form an optional pad dielectric |ayer 40 over
the pad | ayer 36. The pad dielectric |ayer 40 can be

CO'TprTﬁ@%;?fns’ﬂ;!étfﬂgqﬁyeroéar%é/ ’ébh’fpr@@d ARdicoh axXicRs, & ablyother
conprised of nitrid ad dielectric |ayer 40 can

ﬂateé)ladte:lwqmamwak wgdrpr esalely ®beticoamyiste: oﬁlge toppingyulating layer
2€5rnegn & iokss BRAPa  PheahadRa B % yer Sor

the pad |layer 36, the charge storing layer 24 and the

tunneling dielectric layer 20 and the subst rate
The i $be amnnalingrdiglentic iapeic2th the Ohargmalonag %m%% %ind the top

t h LI d
RGPl e Bublh ¥ pEBHBR RS Hiko a0 R3pddvely car
bé eandd dafONe Ia?éri.\fﬁh@éﬁamdmﬁehmmeuhﬂthnate@ mhlaeé% Iayers nor to
device can be fornmed. H formisolation regions, in
meecqram%ltlor@ﬁf pXigic H@@%F@P%I%%PBCW GrQ@ﬂgO“%ﬁé’ #fgpage than 3

L5 8lAhL PRk 88 Mprded & AfEchpShiad 1 rércfe‘i} d rconflguratlon
¢ e JHfe depIeRs

€ 1S0 I'on regrions can "be
forfentiememadry deviteel ectric | ayer, such as oxi de
(e.g., HDPCVD) and chem cal - nechani cal polishing (CWVP)

E. form a pad layer over the top insulating layer

We form a (conductive) pad layer 36 over the top insulating layer 26. The
pad layer 36 is comprised of a conductive material that can be later incorporated
into a gate electrode. The pad layer 36 can be comprised of polysilicon, or silicide
or a combination of polysilicon and silicide, and is preferably comprised of
polysilicon.

The pad layer 36 can have a thickness between 500 and 2000 angstroms

F. form an optional pad dielectric layer over the pad layer
We form an optional pad dielectric layer 40 over the pad layer 36. The pad
dielectric layer 40 can be comprised of nitride, or oxynitride, and is preferably

comprised of nitride.
The pad dielectric layer 40 can have a thickness between 0 and 3000

angstroms.
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the dielectric layer down to and possibly through the
pad dielectric layer 40. L renpve the pad dielectric

| ayer We can renove any renaining optional pad
dielectric layer 40 if present, for exanple using a
sel ective etch. J. renobve the charge storing layer and
the tunneling dielectric layer in the thick gate
dielectric region and the thin gate dielectric region

Ref er ig.ng tfgr,;,l,]ggfaqi&h Q’fﬁg ggove the pad |ayer 36, the

charge storing |ayer the tunneling dielectric

| ayer Referiringteiglins 20WeSbHs i8|af Wtr%ﬁ!:ﬁes{}@@'nr?fhel&ad §fectric

exanpl e, the layers are rermve Int
bﬁY@If 46y thecpa lsiyen 364thencharpe staring lagat 24 mnelltlaettmmr(elmg dielectric

(58190 RSB ToSHAGTEQEIR LR B8 B o oo
tf&gcedhre@ﬁyrﬁmﬂ 26k hetd @@Iécm’c,efeinoﬂ_ H‘@narﬁc']‘ﬁ thiﬁeﬂf{te E?égctnc region

moved, for exanpl e using an ashing

i‘ér ﬁ@dﬁ@ah%ltr@@@hudeflnamlge aieas dfath@fsuhstratﬁevVhereege\oce can be
gring to figure 5, we formgate dielectric layers

on the areas outside of the cell region 12. For

exanple, we can forma thick gate dielectric |ayer 60

in thd. a fdrimisgfatiendiegiens ih the egplanondrénshes t hi n
gate dielectric layer 62 in the thin gate dielectric
region 16. Additional regions with different gate

gat o g EFBEEED ot oy BBtk teioiL B i egoolation trenchos

erraél?%ola%@fggégldm deh bé &S’rﬁﬁacﬁby MEnG W RNEREDAMA SiBlectric
t over
?/lere su?:1 %rs oxide, (e.g., HDFPCVD and chemical-mechanical polishing (CMP)

the dielectric layer down to and possibly through the pad dielectric layer 40.

L. remove the pad dielectric layer

We can remove any remaining optional pad dielectric layer 40 if present, for
example using a selective etch.

J. remove the charge storing layer and the tunneling dielectric
layer in the thick gate dielectric region and the thin gate
dielectric region

Referring to figure 4, we remove the pad layer 36, the charge storing layer
24 and the tunneling dielectric layer 20 in regions outside of the cell region 12. For
example, the layers are removed in the thick gate dielectric region 14 and the thin
gate dielectric region 16. The layers can be removed by forming a using a cell
mask (e.g., resist mask) over the cell region 12 and etching the layers. Then the

cell mask is removed, for example using an ashing step.
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| ayer and the substrate surface. The gate | ayer can be
conprised of polysilicon, or any suitable conducting
mat eri al and preferably polysilicon. M conplete the
menory devi ces and ot her devices Referring to figure
7, we pattern the layers 20 24 26 30 36 64 to -form
SONCS gate structures 80 in the cell region 12, thick
gate dielectric gate structure 82 in the thick gate
oxi de region 14 and thin gate dielectric gate

struciure §4rmydibadieledtric ijarstishts of the egl eegibh

Next, we form source and drain regions 68 adjacent to
t he g@efesinguotiigues 5, &@ 8an hte dredectidc tayersaad tie areas outside of
regi ons 68 can be different concentration n dept hs :
frsv celheection f121 GRY SXaUIRava S8R40TE Al Btk BB RIS YT 60 in the
! i ibh! i} i £ 62 ¢n the thin gat
ey gf oot hand MiALRALRichgl o2 n o in ot
tiedectds yegidn mérddgittbeal cgioss withplifferedt gatetdielestigr@wracteristic
and drain regions 68 and the nenory gate structure

gan beferMefory device can be a nitride storage memory
device, a dielectric filmstorage nenory device, a

non- cenductippp 4 'glafé FyRF dder tﬁé}da@elayér an8eheNsisirAtgsurface
menory device. 12 Reférring to figure 8, we forma

dielectric layer 70 (e.g., interlevel dielectric (I
LID) layer) over the substrate 10 surface.

I Next
cont adteteringstodiasre 6 WedormAu(CondeCiNed| gaterayer 64 ayer the pad
appropriate structures, such
L&emgggﬁbg%@gﬁéteﬁ%gﬁﬁé 68 and gates (not shown).
Next , Thetgete dayerctan k8camnprised wepolysiticon her afiyeseiableconducting

| ayer d.th
ma}/terialagnd preefe(%gagl%%ﬁy%ilicon.

M. complete the memory devices and other devices

Referring to figure 7, we pattern the layers 20 24 26 30 36 64 to -form
SONOS gate structures 80 in the cell region 12, thick gate dielectric gate structure
82 in the thick gate oxide region 14 and thin gate dielectric gate siructure 84 in the
thin gate dielectric region 16.

Next, we form source and drain regions 68 adjacent to the gate structures
80 82 84. The source and drain regions 68 can be different concentrations and
depths for the different regions 12 14 16 and device types (e.g., P & N FETs, thick
and thin gate dielectric FETs, etc). Other regions can be formed (not shown in
figures). A memory device is comprised of the source and drain regions 68 and the
memory gate structure 80. The memory device can be a nitride storage memory
device, a dielectric film storage memory device, a non-conductive film storage

device or a SONON storage memory device.
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74. N. dual gate technology In the sone Si-based |ogic
process technol ogy, dual gate oxide process is

foll owed by STI and well formation. In case of
appl yi ng SONOS process into the |ogic conpatible
process, the processes related to ONO film have to be
inserted right before dual gate oxide after STI
process. In this case, we have found that SONOS

t eChn@éf@Mm?%‘cf@’LﬁefSr QR f% gz'e%}f it 158 7§u qsé uft@ﬁevel dielectric

oxXi ual ity is duri'ng
ébh@éamrdc@% the Isebstrﬂe 1(0\mjrlfa¢en Nextexpn’medhbles are formed thru

hant Second,, the nitride
71 HletBotin 15Re Riey Salents i 1 ARProptiRalcB o8 rsUch as
@@uidﬂaﬁdrfalrbﬁed@r@Bg‘énbﬁgtdiGs exdtsdHdwgh)et ch techni que,
because the verti cal hi ckness of ‘this filmis too

t hi ck Nextehtgicenneais 78 gre fgreed bvermiiedigietiricdayer and the contacts
ringer acts as blocking |ayer at subsequent poly

etch step, and causes poly bridge when the devices

are conpl eted. Figures 9A through 9E shows cross

sectional views of a process known to the inventors

that causes a poly bridge shorting problem The

process forns the ONO | ayer over the STI region and

03aA Th 11 SLrLOgl AR soual 1 s of Tthe oT1 eghons

isem et SShY ety BRRAeA REPBETIA bt gideproces i

olowesl /ey §§an@3\zellg‘esnammdd aaserof&blplwm;gsmmm;ﬂocess into the

logic compatible process, the processes related to ONO film have to be inserted
right before dual gate oxide after STI process.

In this case, we have found that SONOS technology suffers from 2
difficulties:

[ First, the ONO top oxide quality is degraded during dual gate oxide process,
because ONO film is exposed to chemical etchant several times.

0 Second, the nitride film N (in the ONO stack ) adheres to sidewall of ST)
couldn’t be removed using existing etch technique, because the vertical
thickness of this film is too thick to etch out using dry etch. This nitride stringer
acts as blocking layer at subsequent poly etch step, and causes poly bridge
when the devices are completed.

Figures 9A through 9E shows cross sectional views of a process known to
the inventors that causes a poly bridge shorting problem. The process forms
the ONO layer over the STI region and then etches the ONO layer. A nitride
stringer (e.g., 934A in figure 9B) on the sidewalls of the ST regions causes a

poly stringer 950A to be formed in a subsequent poly patterning step.
13



a substrate 900. Figure 98 shows a ONO etch that

| eaves a nitride stringer 934A on the sidewalls 912
of the STI regions 910. In figures 9B to 9E, the O

| ayer 930 is shown as part of the oxide STI 910. The
ONO etch, which is an anisotropic etch (dry etch),
cannot fully renove the ONO fil m adheres to STI
sidewal |, because its vertical thickness is nuch

thi cker than that of other region. Figure 9C shows a

gate pyguie 9W§hcﬁf{/§éfDN©€IQ¥| &hea0 Hed wesdosnad bvboEeE| Blons 910 in
The wet” chem cal such as HF for gate oxide

pr@-?:]wl@ﬁfﬂtﬁ@of)ermves a certain of STl oxide as shown

Int

out E@u&% @heﬁ._l'?o%sr mosfﬂbﬁ qﬁﬁqegfeésp%)%ﬁﬂagﬁgﬂ?gg‘?gg@@ﬁ on the
siapeails i PIP 5t e sm fe@fonsgt® In cblgud;s 9= & QEdtrmJDylagaétOQSO is

SR @6 Rert GO SEIATINEDL § et NG GRhepje BBl aisotopic etoh

r? ‘éi&aagae rktfl"fﬁll;’ Fﬁg«\ﬁ/\\% HheSBND RS LARBI 0SS PR Oll&k%\ﬁéll because its

not over active areas an

yartigalsthicknges $ SGA.thiker thainythat of oiher eegiam cause t he
poly bridge problemthat causes shorting. O.
non-limting exanpl e enbodi rrent s In the above

descr | f
FRY é"@d1 QH egg&i e %éw kpahat fRfins @émlanlha;le 914.

order to pr o under st andi ng
eniidi wm1tc$1eoﬂcalrwcpraessldﬁtfor gaiemmde)pre Cleawing remaoves a certam of

oD %5 4 Bl S P ke 350 it B tcnea o

detgiglis. I n other instances, well known process have
not been described in detail in order to not
unnecessarily obscure

Figure 9D shows a gate oxidation and poly deposition step to form gate
oxide 948 and poly 950. Poly can fill out easily undercut region 914 under the
nitride stringer 934A due to its high step coverage.

Figure 9E shows the poly gate patterning step that forms gates (not shown)
over active areas and forms poly stringers 950A. The poly stringers can cause the

poly bridge problem that causes shorting.

0. non-limiting example embodiments

In the above description numerous specific details are set forth in order to
provide a more thorough understanding of the embodiments of the present
invention. 1t will be obvious, however, to one skilled in the art that the present
invention may be practiced without these details. In other instances, well known
process have not been described in detail in order to not unnecessarily obscure

the present invention.
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the present invention. 14 Gven the variety of

enbodi nents of the present invention just described,

t he above description and illustrations show not be
taken as limting the scope of the present invention
defined by the clainms. Wiile the invention has been
particularly shown and described with reference to
the preferred enbodi nents thereof, it will be

under g5;004 trféé vér'i’é}ﬁ Sn‘ g@rﬁﬂdc{nﬁgn{snofttﬂg rpgééler‘t'?r"i\&em%h ¥t escribed,

changes 1n rma S may be
diha@abovemgesmrcphmlmcsmumiratlcambr&mpet bé takun ammntngqne scope of

i S intende oV nodi fi cati ons an
éh%Pfea?Pn W&Hﬁ%ﬂ&%&eimt ?8 §r es, and the scope of
the gpRRNERANGERIIFHALBEEA gaﬁ.cﬁ@gn&&sn 28 YeREbAd Ritn

broadest interpretation so conpass a
ﬁ@‘erenwatatbaaoraﬁedrw embadlnmrrrtaltfweehmswﬂirhé lmdmel@tbdetg/ those

f fab t
SRUPRE st MV obR siaiaomy Thclatd selilairiay b foste without
@Iébéﬁfn?tffbrﬁ 4ié 3pRit ahHesc%gQ%f ;19 FrvehflGh Udti g %t@ﬁb%{d #ver various

non-cell regions; formng a charge storage stac
msliieaions and similar airangemeotsaangk prastesiuags asidabk scope of the

SREPAASERaPhs b ehuB SHORPRS BB B oS ARec BEH Al so as o
ehenepassall sticle @it rmsi dhd SmilgH Eﬁbﬁgéﬁlénﬂs hhe gF&Jeldures.
and non-cell regions, the trench isolation regi

havi ng top isolation surfaces copl anar
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with a top surface of the charge storage stack;
renmovi ng portions of the charge storage stack in the
non-cell region, wherein renoving forns top isolation
surfaces in the non-cell region which are coplanar
with to ubstrate surface; formng a gate dielectric
W'P%}y%Ff%"ﬁeaﬂ% non-cell region; formng a gate |layer on
the substrate over the storage |ayer and gate
dielectric layer in the cell and non-cell regions; and
1. pat Aanathogl offgkricating a Hevisalsompising:o f or m gat e st acks
in the cell and non-cell regions. 2. The nethod of

cl aproviding er ibstratdwith wntogl substra&y stirfasy) e selsstfate
tunneling dielectric material; and the storage | ayer

in béﬁgngngho(g@%ggjngl’ ectric material. 3. The net hod

of claim2 conpriseS a pad |layer on the charge storage

sta . : '

> wiarii 8k Sthas BN osmfieSnb e PR Pintha Ghatd®

| ayer oyer the stqra | ayer: and a pad | ayer, on the
stogage Stack oIS Al ieat a BMnalng [aver o subsiciegnd a

claim1 wherein: the tunneling |ayer conprises silicon
stosrgel ayer opthaitunneliag layer, the storage | ayer conprises

silicon nitride or oxynitride. 6. The nmethod of claim
1 wiermengn treheh Sodaitipn eigioresga thé sakstratepinitse selhand non-cell

regions, the trench isolation regions having top isolation surfaces coplanar
with a top surface of the charge storage stack;

removing portions of the charge storage stack in the non-cell region,
wherein removing forms top isolation surfaces in the non-cell region which are
coplanar with top substrate surface;

forming a gate dielectric layer in the non-cell region;

forming a gate layer on the substrate over the storage layer and gate
dielectric layer in the cell and non-cell regions; and

patterning layers on the substrate to form gate stacks in the cell and

non-cell regions.

2. The method of claim 1 wherein:
the tunneling layer comprises a tunneling dielectric material; and

the storage layer comprises a storage dielectric material.

3. The method of claim 2 comprises a pad layer on the charge storage

stack below the gate layer.
16



insulating |ayer on the storage |layer, the insulating
| ayer conprising an insulating dielectric material.
7. The nethod of claim 1l conprises a pad |ayer on the
charge storage stack. 8. The nethod of claim1
conprises a pad |ayer on the charge storage stack,
the pad | ayer conprises silicon, including
polysilicon, silicide or a conbination thereof. 9.

4. TheThemribodof eladm® whekeditei n t he gate | ayer conpri ses
a conductive gate material. 10. The nmethod of claim9
whethel gate Iséaakocamprisescan atselatimgdayer oven tipe skeage layer; and
polysilicon. 17 11. The nethod of claim 1l wherein: the
nona ekl layer®rotheCqdte stEdksbdlowdhe atk BEepnd non-cel |
active regions separated by trench isolation regions;
and formng the gate dielectric |ayer conprises
formng first gate dielectric |ayer having a first

5.t or TRAGanbd ke WhewlEl, 7T | ayer naving a second

thickness in the second ngn-cel| active _region, 12.
ThetNedHRBEIING layeaceomprisehaieom™ oxide arigxynitids @nskss and
second thickness are different.

the storage layer comprises silicon nitride or oxynitride.

6. The method of claim 1 wherein the charge storage stack comprises an
insulating layer on the storage layer, the insulating layer comprising an

insulating dielectric material.

7. The method of claim 1 comprises a pad layer on the charge storage
stack.
8. The method of claim 1 comprises a pad layer on the charge storage

stack, the pad layer comprises silicon, including polysilicon, silicide or a

combination thereof.

9. The method of claim 1 wherein the gate layer comprises a conductive

gate material.

10.  The method of claim 9 wherein the conductive gate material comprises
polysilicon.

17



13. The nmethod of claim 1 further conprises: formng
source/drain regions adjacent to the gate stack to
form transistors; and wherein the cell region
conprises a nenory cell region. 14. The nethod of
claim 13 wherein: the non-cell region conprises first
and second non-cell active regions separated by

trench isolation regions; and form ng the gate

1 di ellBetpethod of slaimolyWheEdR: forning first gate

dielectric |ayer having a first thickness in the
fi r e momcekrégian compriseyificst andrsbcbd fromrtelgactiveargions
gate dielectric |ayer having a second thickness in

sepdratexEbp rdnole isoldtidn Rgidnee ahg@gi on. 15. A nethod of

12.

fabricating a sem conductor device conpri sing:

Pr ojgrHingttit B diOR Nerditigpidse With a top

et . .
substrate surface, tgﬁe substrate | ncluding cell and

non- cel | ' » form har ge .st or stack on
the subsl¥MS Mt gpt el RiPLHSviEp & fHgEnkigiggs M the
co rises&aei{ | east g tunneling |ayer on the substrate
and!e$t nepsel aetiveyegiogrmaRte tunnel i ng | ayer: forning
trench isolation regions in the substrate in the cell
and non- tesming segpnshgatetdielecirisriayer havling asecorgthiokness
having top isolation surfaces coplanar wth a top

sur inctbe seicohd @ookealigrctive vegion. st ack;

The method of claim 11 wherein the first thickness and second

thickness are different.

13.

14.

The method of claim 1 further comprises:
forming source/drain regions adjacent to the gate stack to form
transistors; and wherein the cell region comprises a memory cell

region.

The method of claim 13 wherein:

the non-cell region comprises first and second non-cell active regions

separated by trench isolation regions; and

forming the gate dielectric layer comprises
forming first gate dielectric layer having a first thickness in the

first non-cell active region, and
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renmovi ng portions of the charge storage stack in the
non-cell region, wherein renoving forns top isolation
surfaces which are coplanar with top substrate
surface in the non-cell region' formng a gate

t he pon-ce

dielectric lLayer in r
Gate. | aytamisd Sheorlt 48 IR EarveiiEnd p seOpashifinsss
gate dielectric layer in the cell and non-cell
r egirolhe; sesand sonr¢RYl acliyerrsgion- t he substrate to form
gate stacks in the cell and non-cell regions; and
i npl anting dopants to form sourceldrain regions
adj acent to the gate stacks. 19
15. A method of fabricating a semiconductor device comprising:
providing a semiconductor substrate with a top substrate surface, the
substrate including cell and non-cell regions;
forming a charge storage stack on the substrate, wherein the charge
storage stack comprises at least a tunneling layer on the substrate and a
storage layer on the tunneling layer;
forming trench isolation regions in the substrate in the cell and non-cell
regions, the trench isolation regions having top isolation surfaces coplanar
with a top surface of the charge storage stack;
removing portions of the charge storage stack in the non-cell region,
wherein removing forms top isolation surfaces which are coplanar with top
substrate surface in the non-cell region;
forming a gate dielectric layer in the non-cell region;
forming a gate layer on the substrate over the storage layer and gate
dielectric layer in the cell and non-cell regions;
patterning ayers on the substrate to form gate stacks in the cell and
non-cell regions; and

implanting dopants to form source/drain regions adjacent to the gate

stacks.
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