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
(SRAM, is fast to input and out put data and is
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(EEPROM) . Recently, Zﬁ%&@%@d O%lw%ﬁ{@g& ng demand for
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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

of the SONQOS device having the SONOS structure is divided into reading,




of the SONOS device having the SONOS structure is
divided into reading, 1 progranmm ng, and erasing. In
the case of programm ng, when a programvoltage is
applied to the gate of the transistor and a drain of
the cell, a hot electron is fornmed and then
surrounded by a nitride filmbeing at an area adj acent
to the drain. Thus, a threshold voltage of the
tranS|stor IS increased. Therefore, data progranmm ng
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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.

US20050142801A1: Method for manufacturing semiconductor device -

Inventor: Lee, Kae Hoon; Mapo-gu, Republic of Korea




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
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I nventor: Yoo, Tae-kwang US20030075773ALl:

Sem conduct or nenory device - Inventor: Denl,
Chri st oph; 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 is not an extensive overvi ew
of the exanple enboﬂhnanaq;oiﬂﬁhavehnunntion It is
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storlng film the pad |layer is conprised of a
conductive materi al ;

The example embodiments of the present invention provides a structure
and a method of manufacturing a memory device which is characterized as

follows.

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

¢ 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.

Another aspect of an example embodiment is as follows. We provide a

substrate having a cell region, a thick gate dielectric region, and a thin gate
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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
structures in the cell region Anot her aspect of an
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device in the cell region and other devices in the
non-cell regions of the substrate. The above and bel ow
advant ages and features are of representative

erTbOd*h@BJHo%eoaﬂdybe@mdaéﬁtageé 2By haataidsVRe AN REsentative
excl usive. They are presen

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 fo 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.
Additional features and advantages of the invention will become apparent in the

following description, from the drawings, and from the claims.




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

simul taneously present in a single enbodinent.
Simlarly, some advantages are applicable to one
aspect of the invention, and inapplicable to others.
Furthernore, certain aspects of the clainmed invention
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conjunction with the acconpanying drawi ngs in which

i ke reference nuneral s designate simlar or

correspondi ng el enents, regions and portions and in
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sectionhal 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.



met hod for manufacturing a nenory device according to
an exanpl e enbodi nent of the present invention.
Figures 9A, 9B, 9C 9D and 9E are cross sectional views
for illustrating a nethod for formng a nenory device
according to a process known to the inventors. 6
Detai |l 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

provide a nethod of form ng a nenory device such as a

SONCS nenthtafied Bescription bEiHicERample Bmbjzrlimentde
abbreviation ONO is neant to conprise current or

future configurations of a charge storing

:
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arge storin I'ms used
b wtbimmfetemlce terdinep agcaienaydyg drbwikys. sThereampple embod[ments
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|6 &a @@ﬁlﬁlﬂ)ﬁbﬁlbedﬁw treeabbhetiatio ON®Ts Seort t@mrm:irSe current or
enbodi mants is to deposit the charge storing
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nitride nor process, nbodi nent s,
mbmog,edemcmsngfllm(eg , ONO), gate pad (e.qg., poly
Pad) and pad nitride filmare deposited sequentially,

Ii. n \M?"cég e%;ﬁ@%n%&nﬂﬁﬂ are used in the SONCS cell.

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 ST1 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.

A. provide a substrate

Referring to figure 1, we provide a substrate 10 having a cell region 12, a

thick gate dielectric region 14, and a thin gate dielectric region 16. Logic devices
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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 filn1can be a nulti-Ilayered

C ndu i ye char stori e.a .
30 PSS e B TR o Gupachuas I tich 48 oo region 14,
Mhﬁénﬁh@aﬂ&d@wﬁwre@umm region 12, a thick gate
dielectric region 14, and a thin gate dielectric

r egi WIS Gandes pRKSU bsﬁraégﬁs it SR RS@N§ WCtphmanufacturing
slﬂjgﬂ a‘éeel %ﬂé&%&? such as the thick gate dielectric

the thin gate dielectric region 16.
The Mta charge atorbng fdmy3Gisdetrnert evardbd suhstrate. Below we

A DR S R T S
Jsdgstrate. Bel ow we describe an exanpl e enbodi nent

using a ONO | ayer but other layers can be wused. B.
forma tunnelin 41 cla r over rate

Next B-we f@fiftha ﬂ'ﬁ’ le ﬁeﬁf"éq ?FPé‘efggl%Pugﬁgﬁf?er t he

substrate 10. The tunneling dielectric |layer 20 can

be conprised of silicon oxide, oxinitride or any

ot hemNglit aheedri & turaieting aieledide lagep2ebeeatieysubatratd 8®RdThe
of siligon oxide. 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,
The top insulating layer can be comprised of silicon oxide, or any other
suitable dielectric material and preferably of silicon oxide. The top insulating layer

26 can have a thickness between 40 and 200 angstroms.




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

t hi ckness between 30 and 120 angstrons. D, forma top

i nsulating l.ayer form a .t iLhsul ating,la 26

over 1DRATGEY Sheisiir SHBY 20% MR ol e, B g tor
iRt 16 PETIE, SeénQonSiridedast dxided itrigs, sdityo add1@tspectively can
suitable dielectric material and preferably of silicon
bexgatled anHaNPdayernsinefnRgdimsnds arepotdigmitedaipdhg 3 layers, nor to
e RAEPSSEoaEL HEER, AbiRhO IR LBl R ol of more than 3
ldvaye an@4an dedoneisedpf angsulmsnt ogfutuay elevaepediayer configuration
tcgﬁggised of pxide, nitride, and oxide, respectively

e PELIVEFVET ONO | ayer. The enbodi nents are not
limted to the 3 layers, nor to the conposition of

oxi de, nitride and oxide, but can be conprised of nore
than 3 layers and can be conprised of a current or
Utuo delaibadid By er OURING AU NG BT t he

menory device. E. forma pad | ayer over the top
insulating |ayer We forma (conductive) pad | ayer 36

over Wéeorkog (doreiutatd)ngd layer 326ver The topmduladiigiayd6 26s The

q%%gg;i sed of a conductive nmateri alr| }hat Cgﬁgetfe | ater

#otoale g@mprised of a conductive materia that ater 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.

G. form isolation trenches

Referring to figure 2, we form isolation trenches 46 in the pad dielectric
layer 40, the pad layer 36, the charge storing layer 24 and the tunneling dielectric
layer 20 and the substrate 10. The isolation trenches 46 can be formed to isolate

the cell region 12, a thick gate dielectric region 14, and a thin gate dielectric region




into a gate electrode. The pad | ayer 36 can be
conprised of polysilicon, 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

i.sed.of nitr nitride, and is preferabl
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formisolation trenches Referring to figure 2, we form
i solation _trenches 46 in ad djelectric Ia er 40,
Lhe. Bad T E/6T 1SisioR eeRas e BTN IRITIEE and t e
tunneling dielectric |ayer 20 and the substrate 10.
The isolation trenches 46 can be forned to isolate
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thes diebddtrim| ayegiloms thand possiblyitbuiughition ped ditenssc lag@r 40.
The isolation regions can be forned by filling the
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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.

K. form gate dielectric layers outside of the cell region

Referring to figure 5, we form gate dielectric layers on the areas outside of
the cell region 12. For example, we can form a thick gate dielectric layer 60 in the
a thick gate dielectric region 14 and a thin gate dielectric layer 62 in the thin gate
dielectric region 16. Additional regions with different gate dielectric characteristic

can be formed.
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the dielectric |ayer dowmn to and possibly through the
pad dielectric layer 40. 1. renove the pad dielectric
| ayer W can renpve any renai ning optional pad
dielectric layer 40 if present, for exanple using a
sel ective etch. J. renove the charge storing |ayer and
the tunneling dielectric layer in the thick gate
dielectric region and the thin gate dielectric region
Referring to figure 4, we renove the pad |ayer 36, the

charge stor, j ' '
ohar g, P h D gt B AR VRRSp g SYRSSH bfraco
exanpl e, the layers are renmoved in the thick gate
dielectric region 14 and the thin ate dielectric

r egi Gefaréing Thégureyd vee toam beconduolivg pateflayaritdgover the pad
usi.n , resist mask) over the cel

l?%%lgﬁ%aﬁsghﬁﬁg$§ﬁﬁ%§9the | ayers. Then the cell nmask

is ranevpde idyer caxaarbmprised of polyaibomdbrangpsuitébld osmaucting
gate dielectric |ayers outside of the cell region

nﬁ@ﬁ@@rﬁﬁ Preferatyi éyg'mﬂb formgate dielectric |ayers

on the areas outS|de of the cell region 12. For

exanpl e, we can forma thick gate dielectric layer 60

inthe a thick gate dielectric region 14 and a thin
gat e Mii el @@mnletq wememryrdetvv@e& ﬁnrﬁ offagredevices ectri c
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AEHUOT GHEstQ¥RIed BE I PRE de¥8ioAND, 'H’ﬂ@k gaasdiglat®ic gate structure
surface Referring to figure 6, we forma (conductive)

8gdndhe Hyel gde ands regins phand thin gate dielectric gate structure 84 in the
thin gate dielectric region 16.

Next, we form source and drain regions 68 adjacent o 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.

Referring to figure 8, we form a dielectric layer 70 (e.g., interlevel dielectric
(ILD) layer) over the substrate 10 surface. Next, contact holes are formed thru
the dielectric layer to form contacts 74 to the appropriate structures, such as
source/drain regions 68 and gates (not shown).

Next, interconnects 78 are formed over the dielectric layer and the contacts
74.
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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

st ruw ur efi%ln,?é‘tet&%hnbm gate dielectric region 16.

source anddrain regions 68 adjacent to

t he URIR SIhSISIBEES I3 §dc84s tebhBoDBY! Geal gatk chige E}rocess is
regions 68 can be different concentratigns and

oty 871 e o] PR DR MLosSEa  BpPANES GODGS PgRses Mo the
1@@%0@%@ '}S&gﬁéer% tﬁéqbl%%es%q'ei)é?é@tcgéi\g) #ieheed o e inserted

regi ons can ormed (not shown I n
righybefosd du@lgmaumieohﬂﬂrﬁgl ipsocesApri sed of the source

a0, Thihereryaorcsiead e NE alobBu it itig

d;tﬁyum@s, a di eI ect r| c filmstorage nmenory device, a
non- conductive fil mstorage device or a SONON storage

frehibitythedINSdoprRida ﬁwfﬁ@v Brlqaraipedy n%uéfl ik gxide process,
ﬁ%)%%é'(ﬂ\l s BRpbSodho cHMiEA AURAnt gle@é;%Fﬁrhbg
I"ayer) over th strate surface
coﬁe«am‘td [} emtrldeéilrﬁtN hecthet ONO stahé )@ldiaEmsttmsajd\A@ﬁe]f 310
ant act s 74to.the e structure
2 SuGarhe el pagh RiTRE SRRl eEh it IErtER g ferica
Nethicknk s 6f GRNMECIsSod &gk & &ohdudivigrdry BehdTrisetiitie Gtringer
| ayer and the contacts 74.
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 STl region and then etches the ONO layer. A nitride
stringer {e.g., 934A in figure 9B) on the sidewalls of the STI regions causes a
poly stringer 950A to be formed in a subsequent poly patterning step.

Figure 9A shows a ONO layer 930 934 938 formed over ST1 regions 910 in
a substrate 900.

Figure 9B shows a ONO etch that [eaves a nitride stringer 934A on the
sidewalls 912 of the STl regions 910. In figures 9B to 9k, the O layer 930 is
shown as part of the oxide STI910. The ONO etch, which is an anisotropic etch
(dry etch), cannot fully remove the ONO film adheres to ST! sidewall, because its

vertical thickness is much thicker than that of other region.
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11 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 SONCS 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 SONOCS
technol ogy suffers from2 difficulties: First, the

ONO teq reﬁ&&&@gtﬁ% 'gﬂ%%%% ?%%H_s?éﬂ iﬁégfcsilﬁ 3 8ALE hole 914.

oxi de process, mis expose
ché&ht omét ahectieatsusb\asrtlf farigats oxiSe pordleanire rintoviedes certain of

cotbiKP® Be STEHBUR Y B9 %5 Be g e R0 g e Shed ou

begpalse the vertical thickness of this filmis too
thick to etch out using dry etch. This nitride
stringer acts as blocking |ayer at subsequent poly

etch , Pl - iC

oo SRS o 8 dtRs BRI 28 Roly HeERskiOR SN L° fim gate
csdnbd @4Mhahd posvAShf Paly srodié st kasiyrundercutiregion\ddtunder the
that cause pely bridge shortin roblem The
'B&@@@grénqe(@ﬁg’{\ cF"T%%iﬁ@‘&%? P GVE eﬁe STI region and

t hen mggber shevNR ey gate ;Aatféir:ﬁih? deep tiak forasrgdies thot shown)

934A in figure 913) on the sidewalls of the STI
queliaetie aeas @addorms polystingaie Poos e golystingars gan sagse the

B o PR 6 " gl ans 010 im e

substrate 900.

0. non-limiting example embodiments

In the above description numerous specific details are set forth in order to
provide a more tharough understanding of the embodiments of the present
invention. [t 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.

Given the variety of embodiments of the present invention just described,
the above description and illustrations show not be taken as limiting the scope of
the present invention defined by the claims.

While the invention has been particularly shown and described with
reference to the preferred embodiments thereof, it will be understood by those
skilled in the art that various changes in form and details may be made without
departing from the spirit and scope of the invention. [t is intended to cover various
modifications and similar arrangements and procedures, and the scope of the

appended claims therefore should be accorded the broadest interpretation so as to
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Fi gure 9B shows a ONO etch that |eaves a nitride
stringer 934A on the sidewalls 912 of the STl regions
910. In figures 9B to 9E, the O layer 930 is shown as
part of the oxide STI 910. The ONO etch, which is an
ani sotropic etch (dry etch), cannot fully renove the
ONO fil madheres to STl sidewall, because its
vertical thickness is nuch thicker than that of other
region. 12 Figure 9C shows a gate oxide pre clean step
ehg%gggé gﬁsﬁci‘?ﬂﬁhlficg%ﬁ? 4 similHrariRlemBRE S/ Pr%‘é@ urds.
rgate oxi de pre-cleaning renbves a certaln o
STl oxide as shown in the figure 9C. Here, nitride
934A cannot be etched out at all. Figure 9D shows a
gate oxidation and poly deposition step to formgate
oxi de 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 forns gates (not shown)
over active areas and forns poly stringers 950A. The
poly stringers can cause the poly bridge problemthat
causes shorting. 0. non-limting exanple enbodi ments
In the above description nunerous specific details are
set forth in order to provide a nore thorough
under st andi ng of the enbodi nents of the present
invention. It will be obvious, however, to one skilled
in the art that the present invention may be
practiced w thout these details. In other instances,
wel | known process have not been described in detai
in order to not unnecessarily obscure
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the present invention. 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
understood by those skilled in the art that various
changes in formand details may be made w t hout
departing fromthe spirit and scope of the invention.
It is intended to cover various nodifications and
simlar arrangenents and procedures, and the scope of
the appended clains therefore should be accorded the

WHAdestimedterpretation so as to 13 enconpass all such
nodi fications and simlar arrangenents and procedures.

14 What is clainmed is: 1. A nethod of fabrication of

158G Siifgﬁrlga%\é'nccﬁ es%ﬁﬂ@ér\oﬂcﬁg Je@ﬁeﬁfgg\ﬁ%ins%g : grsr‘%]e%sg of

providing a su ing a cel

charge sfroviting ef$dzb”ﬁtr@\‘/eeha\‘aﬁgdz libsgivate; forning a
pad | ayer over said charge storing film said pad
| ayer *i Jorngipgsy ¢heeee é?o“é?gékyﬁdl)’@f ﬁ@'é ﬁﬁ‘ﬁ\?@@ﬁeal f orm ng

ook BRI RNy, 390 A
i n porticongprskdsdiacdonelttive egiaoia;

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

+ forming isolation regions in said isolation trenches;

« forming a gate layer over said pad layer and said substrate surface;

¢ patterning the charge storing film, the pad layer, and the gate layer to
from memory gate structures in the cell region.

2. The method of claim 1 wherein said charge storing film is comprised of
¢ a tunneling dielectric layer over said substrate;
» a charge storing layer over said tunneling dielectric layer;

+ atop insulating layer over charge storing layer.

3. The method of claim 1 wherein said charge storing film is comprised of
» a tunneling dielectric layer over said substrate;

» a charge storing layer over said tunneling dielectric layer;
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formng isolation regions in said isolation trenches;
formng a gate | ayer over said pad | ayer and said
substrate surface; patterning the charge storing
film the pad |layer, and the gate layer to from
menory gate structures in the cell region. 2. The

met hod of claim 1l wherein said charge storing filmis
conpri sed of a tunneling dielectric |ayer over said
substrate; a charge storing |ayer over said tunneling

stort ISyl everardBrad S ldba P crern sara

charge storing filmis conprised of a tunneling
dielectric |l ayer over said substrate; a charge
srors%tqwéwg dipgctidaiayet ’&rﬁ@é‘l‘@"ﬁ&dd?fﬁ"é@ﬂ an@el Qyragynitride;

13 &id BRa %Séﬂérﬂ{%@% 19BMmNsel of URHEEE nRbQE bP@x@Yrﬁ{e’,

and sald]?unnel electric layer is conpris

Shel ISaimpadllai,@rWCmynmadrmfdmiysm@w dr @h@ﬁ@,e storing

| ayer (is conprised of silicon nitride or Oxynitride

SAi Op%ga‘edﬁtg@r lﬁgoa@ﬁlﬁeqi gggoldfsﬁlﬁgw ys§|cpqeccgfrpoiyﬁzhcon and silicide.
silicide; said gate |layer is conprised of

polysilicon, silicide or polysilicon and silicide. 4.
4THhbe metthod obtlath diwhigh furtheh ifclnddreioriing adwsefandmiray regions
SQ Erce d drainr adj acent to nenory gate

FEE( mem&%?ﬁ%g%%%?y device is conprised of

wHgeib GUemarndedicgincsraplisoisofand sobese arehirain gaiahs and the
structure. 5. The nmethod of claim 1 which further
merpPiydEde structure.

5. The method of claim 1 which further includes:
» forming a pad dielectric layer over said pad layer; said pad dielectric

layer is comprised of nitride, or oxynitride.

6. A method of fabrication of semiconductor device comprising the steps of :

e providing a substrate having a cell region, a thick gate dielectric region,
and a thin gate dielectric region;

o forming a tunneling dielectric layer over said substrate;

» forming a charge storing layer over said tunneling dielectric layer,

« forming a top insulating layer over charge storing layer;

e forming a pad layer over said top insulating layer; said pad layer is
comprised of a conductive material,
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formng a pad dielectric |ayer over said pad | ayer;
said pad dielectric layer is conprised of nitride, or
oxynitride. 6. A nethod of fabrication of

sem conduct or device conprising the steps of

providing a substrate having a cell region, a thick
gate dielectric region, and a thin gate dielectric
region; formng a tunneling dielectric |ayer over
said substrate; formng a charge storing |ayer over

sai d tuﬁﬁ@ihg%&ét?dnet?éﬁ%%s (AR < sa.&% g"@?e;r?‘seﬁigiri’?ﬁ insulating

i nsul at over arge s

pad | ay@aywvw;dsﬂa:@d stprmgpmyeaanmgaloﬂwanehr@adhellepmt layer, and
| ayer is conductlve

o7 mi ng MEGRI eSS Ak esC Priceuts oA palrauger
sai d top,ifg lﬂécﬁéﬂld}g’zrer‘ncﬁﬁé@ara$&‘n¢e§m§&§tes§e% 200 régad@rsald
and said tunneling die tric

ayer and Into sald
substrate dalickgats dtet@cf;rmrtegm aofl sl Hirceate dilegtyn region;

said isqlation trenches ar.e med..to,isol ate said
cel | togrBnSdiafon ity eaiFRrLee BNy on. anc

sai d {hidiclag @a@! ;%dfi%?ét* %afdeéﬂa@ e storﬁqgnéwﬂgmu%@hcﬁtum@zmg
regions in said isolation trenc etching sai d pad

| ayer, shelackindayys l@ﬁ@iﬁlthﬁklgﬂ%ﬁfeml%@gwft Aheaid rﬂyﬂ gate

di el ectr said thick gate dielectric region
and sai éjgﬁ%"ﬁ’}égé\?w dielectric region; formng a

t hi ckes gdbeniayed mﬁﬂ(rgale ld&Y@crtrm; myealrdsad bhhl@k ggm dielectric region

gg?ldeﬂ“ralrp%ga;ﬁgh %2@ %g{elc fric Iﬁ)é%] %ne.atd t?‘nn gate drelectnc e%lohn

+ forming a gate layer over said pad layer and said substrate surface;

s patterning pattern the tunneling dielectric layer, the charge storing
layer, the top insulating layer, the pad layer, and the gate layer to from
memory gate structures in the cell region, a thick gate dielectric gate
structure in the thick gate oxide region and a thin gate dielectric gate

structure the thin gate dielectric region.
7. The method of claim 6 which further comprises:

o forming form source and drain regions adjacent to memory gate
structures, the thick gate dielectric gate structure and the thin gate
dielectric gate structure; whereby a memory device is comprised of the

source and drain regions and the memory gate structure.

8. The method of claim 6 which further comprises:
« said tunneling dielectric layer is comprised of silicon oxide, or oxynitride;

+ said charge storing layer is comprised of silicon nitride, or oxynitride;
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formng a gate |ayer over said pad |ayer and said
substrate surface; patterning pattern the tunneling
dielectric layer, the charge storing |ayer, the top
insulating |ayer, the pad | ayer, and the gate layer to
from nenory gate structures in the cell region, a
thick gate dielectric gate structure in the thick
gate oxide region and a thin gate dielectric gate
structure the thin gate dielectric region. 7. The
mgt h 0 '
far e g ipd IR EoltBHEtL o0 Micq R BB bES sliekiel Faicide
Ster Ugditligats |al/Beistdonglsisgdto pdiveiliest,r besigeitie. structure
and the thin gate dielectric gate structure; whereby
a menory device is conprised of the source and drain
J %'e%éthaa &f LR BRI fOME hfebare. 8. The net hod
claim6 which further conprises: said tunneling
du-el facmimigea pagdreie@inc tayer bserdsaid psil laysonsaittipde diadectric layer is
oxynitride id [ oring Iayer is conprised
of s???@@ﬁk%?’Peﬁg S&ﬁﬁvﬁétrlde sai d pad | ayer
is conprised of polysilicon, ponS|I|con-siIicide or
silicide; said gate |ayer is conprised of
pol ysilicon, or silicide. 9. The nethod of claim®6
whi ch further conprises: formng a pad dielectric
| ayer over said pad |ayer; said pad dielectric |ayer
is conprised of nitride, or oxynitride. 18
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