Flash Memory Process with High Voltage LDMOS Embedded TECHNICAL FIELD [0001] This invention
relates generally to semiconductor devices, and more specifically to the manufacturing of flash memory
and high voltage laterally diffused metal-oxide semiconductor devices. BACKGROUND [0002] Flash
memory has become popular recently. A typical flash memory comprises a memory array having a large

number of memory pellSRNARHESH P%WW&%&&E@M@SV'Eﬁﬁfé&aédie'd'eﬁeﬂ

transistor having a control gate and a floating gate. Th ating gate is capable of holding a charge and
is separated from source and drain regions contained in a substrate by a layer of thin oxide. Each of the
memory c&%%ﬁ%@gﬁkglly charged by injecting electrons from the drain region through the oxide
layer onto the floating gate. The charge can be removed from the floating gate by tunneling the electrons
to the sou@®0tjrougTHieioxdedayeratis ganl Brasecapesatiortor Hewidbe alaiarora spesitanllgath is
determined by the presence or absence of a charge on the floating gate. [0003] Flash cells come in two
major typesesiack Qaterflasbf deiis andeplitagdtiifasblesalls larsailly stitfiieedimEigiusei1bA and 1B. A stacked
gate flash cell has a control gate 14 completely stacked on a floating gate 10. The control gate 14,
floating gaienlidaidd subdtrate? are separated by insulating layers. A split gate flash memory has a
control gate 22, which includes a first

BACKGROUND

[0002] Flash memory has become popular recently. A typical flash memory comprises a
memory array having a large number of memory cells arranged in blocks. Each of the memory
cells is fabricated as a field-effect transistor having a control gate and a floating gate. The
floating gate is capable of holding a charge and is separated from source and drain regions
contained in a substrate by a layer of thin oxide. Each of the memory cells can be electrically
charged by injecting electrons from the drain region through the oxide layer onto the floating
gate. The charge can be removed from the floating gate by tunneling the electrons to the source
through the oxide layer during an erase operation. Thus the data in a memory cell is determined

by the presence or absence of a charge on the floating gate.

[0003] Flash cells come in two major types, stack gate flash cells and split gate flash cells,
as illustrated in Figures 1A and 1B. A stacked gate flash cell has a control gate 14 completely
stacked on a floating gate 10. The control gate 14, floating gate 10 and substrate 2 are separated
by insulating layers. A split gate flash memory has a control gate 22, which includes a first
portion overlaying a floating gate 16 and a second portion directly overlaying the channel. The
split gate flash exhibits an improved performance over the stacked gate flash. Specifically, the

split gate flash can be constructed to prevent over-erasing that occurs in the stacked gate flash.



portion overlaying a floating gate 16 and a second portion directly overlaying the channel. The split gate
flash exhibits an improved performance over the stacked gate flash. Specifically, the split gate flash can
be constructed to prevent over-erasing that occurs in the stacked gate flash. -1 [0004] Flash memory is

operated at high voltages for its read and write operations. The operation power is normally provided by

laterally difiygrf metghKegaRFIGOBENERIRH RMPWIYees b LRMMBMYIdePIGhesROWERE and have

higher breakdown voltage than conventional MOS devices. However, the early generation of the LDMOS

can only Wik aioioages v Rdemale e dAvedbhighevaltrag i RM Bs {FP MBRbiaz dhen paveloped.
Figure 3 illustrates a typical HV-LDMOS. Besides the source 4 and drain 6, which a typical MOS has, the

drain has @vrddlitianadAighikicopedsisin t: i) HagionsBdrneh it wauerBashan astditnalginker

region 26. Region 28 is a drift region (also known as a threshold adjust region). Typically, the HV-

LDMOS isNiail§ ife-wae8 PHIX¥Ye(RF, implanty egiaatah vhighlipfaosedinaupsisatavdihgdielg wxides 38

are formed to increase the breakdown voltage. The reason that the LDMOS shown in Figure 3 has higher
breakdownpmltage/manike expianethREI9IeNs] ANMosyWwiAppeas enaled. Baxiceisiniakassdown by a

voltage applied to it, it is actually the electric field that breaks down the dielectric between the two nodes
across whigpithe NVItRpai©spBliside Y hesoarigh arltagenis, apnticd bpiwgenESsplaaiisimand a gate, a

strong electric field is generated between the source/drain and the gate. Therefore, by forming thick field

oxides (FQx h3Sitinelgnidta1gatepdd drain (LDD) region 31 and the source has an additional sinker region
26. Region 28 is a drift region (also known as a threshold adjust region). Typically, the HV-
LDMOS is built in an epitaxy (or implant) region 24, which is formed in substrate 2. The field
oxides 38 are formed to increase the breakdown voltage. The reason that the LDMOS shown in
Figure 3 has higher breakdown voltage may be explained as follows. Although it appears that a
device is broken down by a voltage applied to it, it is actually the electric field that breaks down
the dielectric between the two nodes across which the voltage is applied. When a high voltage is
applied between a source/drain and a gate, a strong electric field is generated between the
source/drain and the gate. Therefore, by forming thick field oxides (FOX) 38 under the gate 40
and between the source/drain and the gate, where the electrical field is the strongest, the

source/drain and the gate are effectively separated far away and the electrical field is lowered,

therefore the breakdown voltage is increased.

[0005] In the past, flash memory and high voltage peripheral devices were either
manufactured in separate chips, or in the same chip but by separate processes. However, it is
considerably less expensive and higher performance can be derived from having the flash

memory on the same substrate as the higher power and higher voltage devices. Also, it would be



and between the source/drain and the gate, where the electrical field is the strongest, the source/drain
and the gate are effectively separated far away and the electrical field is lowered, therefore the
breakdown voltage is increased. [0005] In the past, flash memory and high voltage peripheral devices
were either manufactured in separate chips, or in the same chip but by separate processes. However, it
is considefafiyiRse ProesiHE BVAINVIETSPRHIEMARGE: ARN 06 deriradeom havikenthsdtash fimgmory on
the same substrate as the higher power and higher voltage devices. Also, it would be 2 desirable to
provide anykbd-l:DM AR v R IMAKABHtle or no changes to a current process flow used in forming a flash
memory. [0006] A problem with this technique is that it can be quite difficult to simultaneously fabricate

the lower er devices wijth the higher power devices. For instance, the gate djelectric on the lower
power dellHeedsAdPER i i BAPIHE S 4 YOS W b UGS RUHRRRRS M and the

switching speed of the device remains quite fast, put in order t@ebe able to, handle i%e hi f&r%rvoltages,
the HV-LD%%&%aﬁee JOFERSYG V%?Feﬁé%‘t‘i%‘éi'ﬁﬁﬁ 7 PORHRI VIR i8R A AR G e S cturing
HV-LDMOS devi that i tible with st flash .3S Y OF THE
HV-LDMOS devices thatJs cqumpatile yith plandard, ash mefony PIosessse 3 SHMARY

remains low and the switching speed of the device remains quite fast, but in order to be able to

handle the higher voltages, the HV-LDMOS needs a thicker gate dielectric. What is needed,

therefore, is a method of manufacturing HV-LDMOS devices that is compatible with standard

flash memory processes.



[0007] The preferred embodiment of the present invention embeds the forming of flash cells and the
forming of peripheral devices, including high voltage laterally diffused MOS (HV- LDMOS) and
low-voltage devices. Various forming steps are combined so that production cost is lowered. [0008] In
accordance with one aspect of the present invention, a layered structure with a first insulating layer is

formed on a silicon substrate. and a poly silicon (poly-1) is formed on the first insulating layer in the flash
memory re%}%ﬂwgs@faygﬁg%\fﬁ&ﬁmhe poly silicon. Openings are formed in the flash memory
region to expose poly silicon, and openings are formed in the peripheral region to expose the silicon

substrate. 800Tal oxidasgitedésditomb@@ENS pixhpeiicuneid tonfdsmeanbtiidk txitdernth e flsthrdmory
region and in the peripheral region simultaneously. The mask layer is removed. A second insulating layer
is formed andhie:fiisiningulapadpbat,dhddkiclocixidia ahidihe pagy sitival yrliffestdVI@LEOFY region. A
conductive layer is formed in the flash memory region and peripheral region. In the flash memory region,
the condudivmiagenis paktermied taltetineth¥ adnisdbgaieoftte fiestvadlinéd toalpe pphdradioregion, the
conductive layer is patterned to form the poly gate of the HV-LDMOS. At least one end of the
HV-LDMOS Jolyrgate resides on the field oxide so that the LDMOS breakdown voltage is increased. The
spacers and the source/drain of the flash cell and HV-LDMOS are then formed. [0009] In accordance

with yet a%ﬂb%f] aspeg! zggc%hrgawé%sv%l Eig}l’g nger(]:’t %‘Pmérf)?eggAYi%i\I"gI%rilon, a layered structure with a
first insulating layer is formed on a silicon substrate, and a poly silicon (poly-1) is formed on the
first insulating layer in the flash memory region. A mask layer is formed on the poly silicon.
Openings are formed in the flash memory region to expose poly silicon, and openings are formed
in the peripheral region to expose the silicon substrate. A local oxidation of silicon (LOCOS) is
performed to form a thick oxide in the flash memory region and in the peripheral region
simultaneously. The mask layer is removed. A second insulating layer is formed on the first
insulating layer, the thick oxide and the poly silicon in the flash memory region. A conductive
layer is formed in the flash memory region and peripheral region. In the flash memory region,
the conductive layer is patterned to form the control gate of the flash cell. In the peripheral
region, the conductive layer is patterned to form the poly gate of the HV-LDMOS. At least one
end of the HV-LDMOS poly gate resides on the field oxide so that the LDMOS breakdown
voltage is increased. The spacers and the source/drain of the flash cell and HV-LDMOS are then

formed.

[0009] In accordance with yet another aspect of the present invention, both the poly silicon
and the conductive layer may be formed and patterned in the peripheral region to form devices
such as low-voltage MOS, resistors and capacitors. The process of forming such devices is also

integrated with the forming of flash cells and HV- LDMOS.
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and the conductive layer may be formed and patterned in the peripheral region to form devices such as
low-voltage MOS, resistors and capacitors. The process of forming such devices is also integrated with
the forming of flash cells and HV- LDMOS. 4 [0010] The advantages of the present invention include but
are not limited to: lower production cost due to less forming steps; higher performance due to integrated

low voltaggoand] highpltagesieyices @egRigherverdand R iaga s tbeiRMOS: Hhepreakdown

voltage of the HV-LDMOS made by the preferred embodiment of the present invention is above 15V, and

the breakdgwinvalagssma ke eiysiadns adpidaibne phRTath Ak R BAHIERMEe WRhIHIN2IAH
changes to the forming process. 5 BRIEF DESCRIPTION OF THE DRAWINGS [0011] For a more

complete yneeisRndingaédhepaasentimyeniRwRdithe advantagpro haneobetaaisee dgnvpmade to
the following descriptions taken in conjunction with the accompanying drawings, in which: [0012] Figure |

iS & Cross-gRCHINANNEYPIMARORY BiilipRa stackasodateloshtee el F1Veigive i2 A& €rosB; sadtional

view of a conventional split gate flash cell; [0014] Figure 3 is a cross-sectional view of a conventional

high voltaggel UpMIQISIWP03 A Figrue D& dltaahih hilkigh ata db e eessns@etioqalvisws eithriiniajsrediate

stages of
changes to the forming process.



forming a flash cell and HV-LDMOS; [0016] Figure 12 is a schematic view of a conventional x-decoder
circuit of the flash memory; and [0017] Figure 13 is a schematic view of a preferred embodiment of the
present invention used for an x-decoder circuit. 6 DETAILED DESCRIPTION OF ILLUSTRATIVE
EMBODIMENTS [0018] The making and using of the presently preferred embodiments are discussed in
detail below. It should be appreciated, however. that the present invention provides many applicable
inventive %@E@Eﬁ&%@ﬁ%@\éﬂg&%%{éw Cilsatriety of specific contexts. The specific embodiments
discussed are merely illustrative of specific ways to make and use the invention, and do not limit the
scope of tfiedihlentiorolCdird beneferiadeesnidilimentsepsesent mvovelinnait okt elivitegrating the
manufacturing of flash cells and higher voltage peripheral devices, such as high voltage laterally diffused
MOS (HVthddddO Sfelenices. nbhepadéexseheabihodingeiis dptithinekariousonjasksoandiforting steps by
forming various elements of flash cells and HV-LDMOS devices at the same time. The flash cell could
include stackechpaigifigshatypegrispiihigate flash type. The following method uses the split gate as an
embodiment to illustrate the present invention. [0020] The preferred embodiments are illustrated in

Figures 4 %Eﬁlﬁh 11ﬁ¥g§rree niy Iéecross-sectional view of a conventional stacked gate flash cell;

[0013] Figure 2 is a cross-sectional view of a conventional split gate flash cell;
[0014] Figure 3 is a cross-sectional view of a conventional high voltage LDMOS;
[0015] Figures 4 through 11 illustrate the cross-sectional views of the intermediate stages of

forming a flash cell and HV-LDMOS;

[0016] Figure 12 is a schematic view of a conventional x-decoder circuit of the flash

memory; and

[0017] Figure 13 is a schematic view of a preferred embodiment of the present invention

used for an x-decoder circuit.



reference numbers are used to designate like elements throughout the various views and illustrative
embodiments of the present invention. Throughout the description, the location where the flash memory
is formed is designated as the flash memory region, and the location where the peripheral devices are
formed is designated as the peripheral region. Each figure number may be followed by a letter A, B or C,
where A indicates that the devices are formed in the flash_memaor: r%%}on and B or C indicates that the

devices arB farH&d- A %%&FE@%@&&%&E&%&F&@M&%P IliStrate a stacked structure

formed on a substrate 2. In the preferred embodiment, the substrate 2 is a silicon substrate. In other
embodimefiig] $ubstrate: 2nakayg hedoringd Ofigtfaired: Bilinefsreahepawdinsaimicondisctosetintidayiers of
semiconductor, or 7 other materials comprising silicon. Where an HV-LDMOS is formed, an epitaxy
region anctheesokh@dilist tppienifnoat, Showngrinayt becfprenad (neteitian iguide3)mQ0223 pAinablsulating
layer 40 is formed on substrate 2. The insulating layer 40 is preferably a silicon oxide formed using
known methogigjsuameastheinahoticatidodey iy anddhedikey AS spheifitschatisxgsldyies 4eitay be part of
the devices subject to high voltages, it is desired for it to be thicker than the gate oxide of a low-voltage
MOS transistbodinet tihedikivkmneas sre epealsi s tiei vealtage didib & appliechakees naadetidle amek thi@iprming
process, etc. The preferred thickness of the insulating layer 40 is about 60A to about 110A. [0023] Figure
4A also illusitate sdhitrat phéyssdigont 42 imfe@ntied. on the insulating layer 40.

[0019] The preferred embodiments present a novel method of integrating the manufacturing
of flash cells and higher voltage peripheral devices, such as high voltage laterally diffused MOS
(HV-LDMOS) devices. The preferred embodiments combine various masks and forming steps
by forming various elements of flash cells and HV-LDMOS devices at the same time. The flash
cell could include stacked gate flash type or split gate flash type. The following method uses the

split gate as an embodiment to illustrate the present invention.

[0020] The preferred embodiments are illustrated in Figures 4 through 11 wherein like
reference numbers are used to designate like elements throughout the various views and
illustrative embodiments of the present invention. Throughout the description, the location where
the flash memory is formed is designated as the flash memory region, and the location where the
peripheral devices are formed is designated as the peripheral region. Each figure number may be
followed by a letter A, B or C, where A indicates that the devices are formed in the flash

memory region and B or C indicates that the devices are formed in the peripheral region.

[0021] Figures 4A and 4B illustrate a stacked structure formed on a substrate 2. In the
preferred embodiment, the substrate 2 is a silicon substrate. In other embodiments, substrate 2

may be formed of strained silicon, compound semiconductor, multi-layers of semiconductor, or



The poly silicon 42 is widely known as poly-1 in the art of flash cells as it is the first poly silicon formed.
The poly-1 42 may be deposited using chemical vapor deposition (CVD) or other known methods. The
poly-1 42 is then doped to reduce sheet resistance. [0024] In the preferred embodiment, a mask (not
shown) covers all peripheral regions so that no poly-1 42 is formed in the peripheral region, as illustrated
in Figure 48ndPazaldn1othensiRedimeniswarhe bt B maphedermestinaelaciprllocatians aidhe
peripheral region. This can be achieved by a mask covering portions of the peripheral region, so that
poly-1 42 ighfeqnaedaniytifeBasndast sebios RS OfPEdankRt eepasiting)poly-1 42 in the peripheral
region, and then removing the undesired portions. The thickness of the poly-1 42 is related to the

oxidation sand will b dISC ssed |ater. The pon 42 for in the peripheral reglo be used
to form deUli22Luch A8 Bkt L 1%f8ﬁ‘8?ﬂ188%]f§tb%ﬁ/p %gﬁ i Bl Erate ),
resistors (formed of strip 1), MOS transistors ( oI sthe pol Itis to be

noted thatHIR Y ﬁ%{%&%ﬂ&&%@% B S R 4 OB TGS only at

low voltages é 026 é; 44 is tg&‘q rarmed aI o illustr aﬁ%bd % ure 4 and ure 4B. In the
flash mem lPé e él?l4 BAThE Doty ieﬁtztol VBUARH bl EgigRd :Séktcf er 44 is
formed on ins Iat er 40. Preferably, the er.44 is .0f silicon nitride since silicon
it is oSBPEL a%yé%f@%m?&&@%i"@é? i GG e kess depends on the

voltage to be applied, the material, and the forming process, etc. The preferred thickness of the

insulating layer 40 is about 60A to about 110A.

[0023] Figure 4A also illustrates that a poly silicon 42 is formed on the insulating layer 40.
The poly silicon 42 is widely known as poly-1 in the art of flash cells as it is the first poly silicon
formed. The poly-1 42 may be deposited using chemical vapor deposition (CVD) or other known

methods. The poly-1 42 is then doped to reduce sheet resistance.

[0024] In the preferred embodiment, a mask (not shown) covers all peripheral regions so

that no poly-1 42 is formed in the peripheral region, as illustrated in Figure 4B.

[0025] In other embodiments, poly-1 42 may be formed in selected locations of the
peripheral region. This can be achieved by a mask covering portions of the peripheral region, so
that poly-1 42 is formed only in the desired locations, or by blanket depositing poly-1 42 in the
peripheral region, and then removing the undesired portions. The thickness of the poly-1 42 is
related to the oxidation process and will be discussed later. The poly-1 42 formed in the
peripheral region can be used to form devices such as capacitors (which are formed of a poly-1
42, insulating layer 40 and substrate 2), resistors (formed of strips of poly-1), MOS transistors
(poly-1 is used as the gate poly), etc. It is to be noted that there is no thick field oxide under

poly-1 42, so that the resulting MOS transistors work only at low voltages.
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for oxygen to penetrate silicon nitride. Preferably the silicon nitride 44 is formed using low pressure CVD
(LPCVD) at a temperature of about 700C to about 800C. It can also be deposited by PECVD at a lower
temperature of about 200C to about 400C. The preferred thickness of the silicon nitride is about 100nm
to about 200nm. [0027] The mask layer 44 is then masked and patterned, as shown in Figure 5A and

Figure 5Bpobhgiopeninasd61and 48 canderdenned Ry dnsatabing eiathes knewrinathegsidnibe flash
memory region, poly-1 42 is exposed. In the peripheral region, further etching is conducted in openings

438 to remay thadrsatilanahdOane £XROReMlicen Slpate 2 Itisidasimteip dsp mmeighant that
attacks both the mask layer 44 and the insulating layer 40, but not the poly silicon 42 or the silicon

substrate 2y%9 iaat therestreheifraiisanderehieved Mg stemiovz8lAtheuahtintherpretered

embodiment, the first insulating layer 40 in the flash memory region is the same material formed at the
same timenagitae fiks insdatingiRyRn40hN iba Raphelay e aipRe it othexambosinentss thacean be

different materials formed at different times. Also, the mask layer 44 in the flash memory region may also

be a differest sRateriabedefornat@haiiterepicling o Kidnaskdaveridd forthedngiiphryal region.
[0029] The chip is then subjected to an oxidation step, as shown in Figures 6A and 6B. The silicon nitride

44 oxidizepresdyrslowly QUPESVIDE peneirpad: by brassNornn Bsta sesuligbrotectantigdpslerlying silicon
from oxidizing, while allowing a thermal SiO2 layer to grow on regions of exposed silicon. A gate oxide 50
(sometimegeprigieahyPRETeD asaadhickieipiehitra B PAIYC to about 400°C. The preferred

thickness of the silicon nitride is about 100nm to about 200nm.

[0027] The mask layer 44 is then masked and patterned, as shown in Figure SA and Figure
5B. The openings 46 and 48 can be formed by dry etching or other known methods. In the flash
memory region, poly-1 42 is exposed. In the peripheral region, further etching is conducted in
openings 48 to remove the insulating layer 40 and expose silicon substrate 2. It is desirable to use
an etchant that attacks both the mask layer 44 and the insulating layer 40, but not the poly silicon

42 or the silicon substrate 2, so that the desired effect can be achieved in one step.

[0028] Although in the preferred embodiment, the first insulating layer 40 in the flash
memory region is the same material formed at the same time as the first insulating layer 40 in the
peripheral region, in other embodiments, they can be different materials formed at different
times. Also, the mask layer 44 in the flash memory region may also be a different material and

formed at a different time from the mask layer 44 in the peripheral region.

[0029] The chip is then subjected to an oxidation step, as shown in Figures 6A and 6B. The
silicon nitride 44 oxidizes very slowly but is not penetrated by the oxygen. As a result it protects
the underlying silicon from oxidizing, while allowing a thermal SiO; layer to grow on regions of

exposed silicon. A gate oxide 50 (sometimes referred to herein as a thick oxide) is grown on poly

9.



9 silicon 42 at the same time an oxide 52 is grown on silicon substrate 2. Wet oxidation is preferably
used. The oxidation may also be performed in a plasma environment. However, plasma assisted
oxidation is desired to be thermal treated to enhance electric properties since the oxides 52 will be
subjected to high electrical fields. The rate of the oxidation depends on the temperature, oxidation time,

etc. For exgrople42 4y pieakawd dahio red ade BIPRI 3kt AfneliRtin 18R Eadon abubin i Ay r hours can
grow an oxide with a thickness of about 0.3um to 1.0um. Since the thick oxide 52 and the thick oxide 50

are formeg gifpritanaousirnanatiieitefaymarce. péthediashceplisiplativabnineangitbieciethe thickness
of the thick oxide 50, the thickness requirement of the thick oxide 52 dominates the oxidation process.

[0030] Nowhagk desthiediscussiRnoiaalydldBe fHeedhicknrss ©f dhig Rl dAdaRpBaR OfintveHactors.

The first factor is the desired breakdown voltage of the HV-LDMOS, which in turn determines the

thickness gkifie; thick e iieasd dhgithcknessoTihasthitk exiderale Skidaidhigkpexitienlts grown out

of poly-1 42, the thicker the oxide 50, the more poly-1 42 is consumed. The second factor is the
requiremedheuiashkeellicifiahexdation csempiing yprRiv & ddavidh heaasgp thadieasing gate of the

flash cell. Therefore, it is desirable that poly-1 42 be formed to a thickness that equals the sum of the

thickness gbthedlashaesllfiealingfeatacnd cihestbicknessdeduaed MycRiidaionbiRdHubhiekiaxide 52
increases the breakdown voltage of an LDMOS formed on it by
Since the thick oxide 52 and the thick oxide 50 are formed simultaneously, and the performance

of the flash cell is relatively insensitive to the thickness of the thick oxide 50, the thickness

requirement of the thick oxide 52 dominates the oxidation process.

[0030] Now back to the discussion of poly-1 42. The thickness of the poly-1 42 depends on
two factors. The first factor is the desired breakdown voltage of the HV-LDMOS, which in turn
determines the thickness of the thick oxide 52, and the thickness of the thick oxide 50. Since
thick oxide 50 is grown out of poly-1 42, the thicker the oxide 50, the more poly-1 42 is
consumed. The second factor is the requirement of the flash cell. After oxidation, remaining
poly-1 42 will become the floating gate of the flash cell. Therefore, it is desirable that poly-1 42
be formed to a thickness that equals the sum of the thickness of the flash cell floating gate and

the thickness reduced by oxidation.

[0031] Thick oxide 52 increases the breakdown voltage of an LDMOS formed on it by
enlarging the distance between the source/drain and the gate of the LDMOS. For example, an
800A to 1000A oxide allows the device to withstand about 30V. Further increasing the thickness
of the thick oxide 52 allows the breakdown voltage to be increased to hundreds of volts.
However, if the voltage is very high, the thick oxide 52 becomes very thick, and problems such

as lateral diffusion become significant. Therefore the forming process needs to be controlled
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enlarging the distance between the source/drain and the gate of the LDMOS. For example, an 800A to
1000A oxide allows the device to withstand about 30V. Further increasing the thickness of the thick oxide
52 allows the breakdown voltage to be increased to hundreds of volts. However, if the voltage is very
high, the thick oxide 52 becomes very thick, and problems such as lateral diffusion become significant.

Therefore tha fQumingdiprocessqoeadadodgesantipledalhmerggaraityedt dsknawndhal different
materials have different breakdown voltages, and the breakdown voltages are also affected by the

forming precekI@VaRUHASEsthe malalifisardihte $omend pFRY¥ARRIG wiRin\y feimes Lxidenhas a higher
breakdown voltage than a quickly formed oxide; a condensed oxide has a higher breakdown voltage than

a porous oxifle, BBf-aripikorRXIte Dasa Righehaseadawhialtage thasltadeqRadnifgirkpxide. It is

desired that the process of the field oxide be carefully controlled so that higher breakdown voltages may

be achievegmithoa tinnes fidde:-82xi00331 SHicoRitdgRidd isvhiencampieirhoigrrieddiam both the
flash memory region and the peripheral region simultaneously, as illustrated in Figures 7A and 7B. In the

flash mem@iyoraginid$EiRG g bidtOxigdeavas &b aighmask- anpRieB:eidhe palysk4RRndibe first

insulating layer 40 is sequentially removed to expose the surface of the substrate 2 by an etching

process. The®estismaofitne pade-bAchand hedikss Rauating layeédRdardenihedioatinengate oxide 50
remain. The oxide grown on poly-1 42 becomes the floating gate oxide 50 and the

achieved with a thinner oxide 52.

[0032] Silicon nitride 44 is then completely removed from both the flash memory region
and the peripheral region simultaneously, as illustrated in Figures 7A and 7B. In the flash
memory region, using the thick oxide 50 as a hard mask, a portion of the poly-1 42 and the first
insulating layer 40 is sequentially removed to expose the surface of the substrate 2 by an etching
process. The portions of the poly-1 42 and the first insulating layer 40 under the floating gate
oxide 50 remain. The oxide grown on poly-1 42 becomes the floating gate oxide 50 and the
remaining poly-1 42 becomes the floating gate 54 of the flash cell. The remaining oxide 40 will
be denoted as the tunneling oxide 56 since, when the flash memory is written, the electrons
tunnel through oxide 56 from the drain into the floating gate 54. In Figure 7B, the thick oxide 52

and the first insulating layer 40 are exposed.

[0033] Figure 8 illustrates a second insulating layer 58 formed on the thick oxide 50, the
floating gate 54 and the tunneling oxide 56 in the flash memory region. Preferably, the second
insulating layer 58 is formed to a thickness of about 50A to about 250A by oxidation or CVD.
Preferably, the peripheral region is masked during this process, so that the second insulating
layer 58 is not formed over the peripheral region. Figures 9A and 9B illustrate a conductive layer

60, preferably formed of doped poly silicon and often denoted as poly-2 60, is formed both on

-11 -



remaining poly-1 42 becomes the floating gate 54 of the flash cell. The remaining oxide 40 will be
denoted as the tunneling oxide 56 since, when the flash memory is written, the electrons tunnel through
oxide 56 from the drain into the floating gate 54. In Figure 7B, the thick oxide 52 and the first insulating
layer 40 are exposed. [0033] Figure 8 illustrates a second insulating layer 58 formed on the thick oxide

50, the flogting@ateind RitEdheyuy3einGORIAS 3R Hoila-dash mevemd eniemBraiarhhethe seeond
insulating layer 58 is formed to a thickness of about 50A to about 250A by oxidation or CVD. Preferably,

the periphgiakiRaiQRilfe MRS Peripais BERAE $8s R el thensecenrdi s HIRING e IRYer 66 is not formed
over the peripheral region. Figures 9A and 9B illustrate a conductive layer 60, preferably formed of doped

poly siliconyana ftansdanaieskasaabod 8@osAasmedodoth on -11 the second insulating layer 58 in the
flash memory region and on the first insulating layer 40 and the thick oxide 52 in the peripheral region,

respectively. The second conductive layer 60 typically has a thickness of gbout 1000A to 2000A. [0034]
e apown WHLre 108 BOMIoHS JFHFE SE-oHRGUIACHS 15EP TS P SoEoRa B 508 oy er 60

form the CBIISHHALRSD B0 E Tt o PP IR (O (@ SELbhE <A By e
becomes (1o seRII et nsulating ayer 28 of e fash ol JOTER AP SR InFigurs 10%. e
the second insulating layer 58 becomes the second gate-insulating layer 58 of the flash cell.

[0035] Also shown in Figure 10B, at the time the second conductive layer 60 is removed
from the flash memory region, portions of the second conductive layer 60 and the first insulating
layer 40 are also removed from the peripheral region, and the remaining portions form the gate
electrode of an HV-LDMOS. As discussed previously, the breakdown voltage of the LDMOS is
increased by the thick oxide 52; therefore, an HV-LDMOS has at least one end of its gate
electrode formed partially on a thick oxide 52. The gate electrode 64 has both its source and
drain ends formed on the field oxides 52, so that the resulting HV-LDMOS has high breakdown
voltages at both its drain and source ends. The gate electrode 66 has its drain end formed on a
thick oxide 52, so that only the drain end has a high breakdown voltage, and the source end has a
low breakdown voltage. However, an HV-LDMOS having both ends of the gate electrode

formed on thick oxide 52 sustains smaller current than an HV-LDMOS having only one end of

the gate electrode on the thick oxide 52.

[0036] In another embodiment, a stacked gate flash cell is formed by removing the second
conductive layer 60 and the second insulating layer 58 that are not on oxide 50, as illustrated in
Figure 10C. The resulting flash cell is subject to over-erase problems but has a smaller gate

region than a split gate flash cell.
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from the flash memory region, portions of the second conductive layer 60 and the first insulating layer 40
are also removed from the peripheral region, and the remaining portions form the gate electrode of an
HV-LDMOS. As discussed previously, the breakdown voltage of the LDMOS is increased by the thick
oxide 52; therefore, an HV-LDMOS has at least one end of its gate electrode formed partially on a thick

oxide 52. Thg3gpte elactiade Hhhaspoth kssaureeiRNM Blrgnendssaimed rikiedeidonidasd?, so that
the resulting HV-LDMOS has high breakdown voltages at both its drain and source ends. The gate

electrode 66 hgaiits A@hendiarmss R dnthickOxke Rinka Haimbhilie draipensthRpahighe

breakdown voltage, and the source end has a low breakdown voltage. However, an HV-LDMOS having

both ends wftheigalsr eleqiRdefPAMEH PILIDMIOSXGR SRIsISIAINS halerewTeR! thaadanikiMd-RIVIOS
having only one end of the gate electrode on the thick oxide 52. [0036] In another embodiment, a stacked

gate flash grlhisstarmee D) enevingpiiecsaca tshGonsLatyS, yartlandibe sagepdimsuiatingslayer 58
that are not on oxide 50, as illustrated in Figure IOC. The resulting flash cell is subject to over-erase

problems bulihasdaBmBlevigated@ giemikapate sphtaate i asbhcallis 18d @PA T esawsy iBeFigure 11A

and Figure 11B, spacers 68, sinker region 26, LDD region 31, source regions 4 and drain regions 6 are

then formagby-iteplanbngna Pperiyasidnpant. fidertfesmatien okthn flagpepltiarddivibOMEdis well
known in the art, therefore, the details are not

based on the requirements.

[0038] In other embodiments, the second conductive layer 60 may be formed of poly silicon
in the peripheral region and used to form devices such as capacitors, resistors, high-voltage

MOS, and low-voltage MOS (with neither end of the poly gate on oxide 52).

[0039] The preferred embodiments of the invention have several advantages over the prior
art. First, the flash cell and the high voltage LDMOS are embedded in the same chip, so that the
performance of the circuit is improved. Second, the embodiments of the present invention
combine the forming of various elements for flash cells and peripheral devices in order to lower
the production cost. Third, the flash memory usually needs high voltage circuits to write, erase,
and read, and an HV-LDMOS built using embodiments of the present invention has breakdown
voltages well above 15V. Through increasing the thickness of the field oxide, the breakdown
voltage can be adjusted in a wide range. By using the HV-LDMOS to replace conventional high

voltage circuits, the circuit has better reliability under repeated memory cycles.

[0040] Figures 12 and 13 illustrate an application of the present invention. Figure 12 is a
conventional x-decoder (decoder in the x direction of the flash memory array) circuit. Device 82
is a high voltage pMOS and devices 84 and 86 are high voltage nMOS devices. Typically, for an

erase operation, a voltage of 13V may be applied at node 92. In other kinds of flash memories,
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discussed herein. It is to be appreciated that some steps, such as forming a source/drain for flash cells
and HV-LDMOS, and forming gate spacers for flash cells and HV-LDMOS may be integrated also, and a
person skilled in the art can select the most appropriate forming methods based on the requirements.
[0038] In other embodiments, the second conductive layer 60 may be formed of poly silicon in the

peripheral gRaigrh angt digeeh 10:L0M5R FRMIGRS M bASIAMP BRI TERIaL0ES, RN alasy . MRS ARgy
low-voltage MOS (with neither end of the poly gate on oxide 52). [0039] The preferred embodiments of

the inventigy: A\ revelad agvaIpaasaahiioeierfaMhelisththafasecel and doeitighyaliags LDMOS
are embedded in the same chip, so that the performance of the circuit is improved. Second, the

embodiments, dethgderasentslvantiarcompingtheytaening.pfsvaHo us-alemedita e fiaeis calls and

peripheral devices in order to lower the production cost. Third, the flash memory usually needs high

voltage cirgatitadedwitd, £hagevodiads 8D 813d 86 th LV Thduilt iesing aushediments vfithBepresent
invention has breakdown voltages well above 15V. Through increasing the thickness of the field oxide,

the breakd@agyolirRD@Eanibs [agustegrisvadvideviRngei Byt 4486 a e iiMatiBMEXSeabeplack:s of

conventional high voltage circuits, the circuit has better reliability under repeated memory cycles. [0040]
Figures 1Z1anskds3 il isieatoanaRmicatiasltesdha/mssenhiaventin rehigiie s oenBIMosalx-decoder

(decoder in the x direction of the flash memory array) circuit. Device 82 is a high voltage pMOS and
devices 84@nt 86 ke gbodliages WASpiesemvENRIAININIRIEM-LDMOS 94 has a higher
breakdown voltage and its breakdown voltage can be designed well above the voltage applied, it

is more reliable. It is observed that by using the embodiments of the present invention, fewer

devices are needed so that less chip area is used.

[0041] It is to be appreciated that throughout the description, the HV-LDMOS is preferred.
However, the present invention is not limited to forming the HV-LDMOS in the peripheral
region. Any MOS device that may be subject to high voltages may be formed using the

embodiments of the present invention.

[0042] Although the present invention and its advantages have been described in detail, it
should be understood that various changes, substitutions and alterations can be made herein
without departing from the spirit and scope of the invention as defined by the appended claims.
Moreover, the scope of the present application is not intended to be limited to the particular
embodiments of the process, machine, manufacture, and composition of matter, means, methods
and steps described in the specification. As one of ordinary skill in the art will readily appreciate
from the disclosure of the present invention, processes, machines, manufacture, compositions of
matter, means, methods, or steps, presently existing or later to be developed, that perform

substantially the same function or achieve substantially the same result as the corresponding
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erase operation, a voltage of 13V may be applied at node 92. In other kinds of flash memories, -13 the
high voltage values used for program or erase operations may go as high as 25V. Since many cycles of
read and write operations may be performed in the flash cell 88, the devices 84 and 86 may be under
high voltage stress for many cycles. That is why the high voltage nMOS 84 is cascaded with a high
voltage NMEIBAGhthas ABRPRIAGIRVIEBS ifisubiegidoranly Balldpesealtagenanr, thectpliatiliy is

improved. Figure 13 illustrates a circuit using the embodiments of the present invention. The high voltage

NMOS 84 gndhgfeaedenlasediwithepdd YoliRMASWihiformeaddypthe amhedinentsafithepresent

invention. Since HV-LDMOS 94 has a higher breakdown voltage and its breakdown voltage can be
designed wglhahengdheupiirge appliadtitrisinere rliablR, Hristghserved that by using the embodiments
of the present invention, fewer devices are needed so that less chip area is used. [0041] It is to be
appreciated that throughout the description, the HV-LDMOS is preferred. However, the present invention
is not limited to forming the HV-LDMOS in the peripheral region. Any MOS device that may be subject to
high voltages may be formed using the embodiments of the present invention. [0042] Although the
present invention and its advantages have been described in detail, it should be understood that various
changes, substitutions and alterations can be made herein without departing from the spirit and scope of
the invention as defined by the appended claims.
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Moreover, the scope of the present application is not intended to be limited to the particular embodiments
of the process, machine, manufacture, and composition of matter, means, methods and steps described
in the specification. As one of ordinary skill in the art will readily appreciate from the disclosure of the
present invention, processes, machines, manufacture, compositions of matter, means, methods, or
steps, presently existing or later to be developed, that perform substantially the same function or achieve
substantiawgasn%m Rd3ne corresponding -14 embodiments described herein may be utilized
according to the present invention. Accordingly, the appended claims are intended to include within their
scopelsuch. processeshoibehinasinganiifiegiared comosinegrsdignaiteepme@ns, methods, or steps.

WHAT IS CLAIMED IS: 1 1. A method of forming an integrated circuit comprising the steps of 2 forming a
first sucture at afdinsiing aidinsot@sunstratefihergioihe firsistraciwhedeaothpfisesadusiénsulating layer
formed on the substrate, and a poly silicon feature formed on 4 the first insulating layer; 5 forming a
secontl inswiaingdaydirst iasséaandlaggidorafeihestiestubte;tecasdcopa yGilsuidtingutayermhaling an
opening formed therein; 7 forming a first thick oxide on the poly silicon feature and simultaneously forming
a 8 sdcondh¢Hick mddlatingHieyopening of the second insulating layer; and

5 forming a second insulating layer at a second region of the substrate, the second

6 insulating layer having an opening formed therein;

7 forming a first thick oxide on the poly silicon feature and simultaneously forming a

8  second thick oxide in the opening of the second insulating layer; and

9 forming a first conductive feature over at least a portion of the first thick oxide, and

10 simultaneously forming a second conductive feature over a portion of the second insulating

11 layer, wherein at least one end of the second conductive feature is over a portion of the second

12 thick oxide.

12 The method of claim 1 further comprising the steps of:

2 forming a first source and a first drain at the first region and a second source and a second
3 drain at the second region;

4 forming a first spacer along a sidewall of the first conductive feature, the polysilicon

5  feature and the first thick oxide; and

6 forming a second spacer along a sidewall of the second conductive feature.
1 3. The method of claim 2 further comprising the steps of:
2 forming a drift region at the second region of the substrate;
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9 forming a first conductive feature over at least a portion of the first thick oxide, and 10 simultaneously
forming a second conductive feature over a portion of the second insulating 11 layer, wherein at least one
end of the second conductive feature is over a portion of the second 12 thick oxide. 1 2. The method of
claim 1 further comprising the steps of 2 forming a first source and a first drain at the first region and a

secongl source amgrmBRCONShEyHaHREHIIR SeseNAIRRIN HfURINDRAiRSi SRS A@RELR Bid@wall of the
first conductive feature, the polysilicon 5 feature and the first thick oxide; and 6 forming a second spacer

along.a sidewall @b tisacaneCONRliGtiv tRplfR:chGhE Re-DIRIIOGHES Slaiin duthesesaimprising the
steps of 2 forming a drift region at the second region of the substrate; 3 forming a lightly doped drain
region adjacent the second drain at the second region; and 4 forming a source sinker region adjacent the
second soyrce atifie seqond fegion L e method.sfilaim L yihersin. e sien of formind;g dirst hick
oxide on thé poly silicon 2 feature and simu aneouﬁy orming-a second thick oxide in ﬁ1eyopen|ng of the
second insulating, & layer comprizes A feming st mask ayer,on the poly sifieon fearure o fhe frs
location; 5 Formlng a second mask layer n'the second insu atlngl?ayéor at the secondpf(])cathon; &

3 layer comprises:

4 forming a first mask layer on the poly silicon feature at the first location;

5 forming a second mask layer on the second insulating layer at the second location;

6 forming a first opening in the first mask layer to expose the poly silicon feature;

7 forming a second opening in the second mask layer and the second insulating layer to

8  expose the substrate;

9 exposing the exposed poly silicon feature and the exposed substrate to an oxygen source;
10 removing the first mask layer; and
11 removing the second mask layer.

1 5. The method of claim 4 wherein the first mask layer and the second mask layer are the

2 same silicon nitride layer formed at the same time.

1 6. The method of claim 1 wherein the first insulating layer and the second insulating layer

2 are the same layer formed at the same time.

17 The method of claim 6 wherein the first insulating layer and the second insulating layer

2 are formed by thermal oxidation.
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6 forming a first opening in the first mask layer to expose the poly silicon feature; 7 forming a second
opening in the second mask layer and the second insulating layer to 8 expose the substrate; 9 exposing
the exposed poly silicon feature and the exposed substrate to an oxygen source; 10 removing the first
mask layer; and 11 removing the second mask layer. 1 5. The method of claim 4 wherein the first mask

layer and the secppd mpaskdayeraie thendrsane Sisonditkice; inyer frrmediatibe samRlineeAld. The
method of claim 1 wherein the first insulating layer and the second insulating layer 2 are the same layer

formed at i gapeAime. 1 7. The method of claim 6 wherein the first insulating layer and the second
insulating layer 2 are formed by thermal oxidation. 1 8. The method of claim 1 wherein the first insulating
layer has a thickness of about 60A to 2 about 110A. 1 9. The method of claim 1 wherein the substrate
comprlisesgsilicon}. 1r91étm§10 eEQod 1of Iéalrifrznnlt vgh%ei[%g% firglstr%oggﬁfzct(i)ve feature is a flash control gate
formed 2 completely over the first thick oxide. ]ff It The method of claim 1 wherein a portion of the first
conductive feature is not over the 2 first thick oxide.

1 10. The method of claim 1 wherein the first conductive feature is a flash control gate formed

2 completely over the first thick oxide.

1 11. The method of claim 1 wherein a portion of the first conductive feature is not over the

2 first thick oxide.

1 12. The method of claim 1 wherein the first thick oxide and the second thick oxide are

2 formed by local oxidation of silicon (LOCOS).

1 13 The method of claim 1 further comprising the step of:

2 forming a compound structure at the second region wherein the compound structure

3 comprises the second insulating layer over the substrate and the second conductive feature over
4  the second insulating layer, and wherein the compound structure is not formed on the second

5 thick oxide.

1 14 The method of claim 13 further comprising the step of patterning the second conductive

2 feature to form a resistor.

1 15. The method of claim 14 further comprising the steps of:

2 forming a third spacer along a sidewall of the second conductive feature and the second
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1 12. The method of claim 1 wherein the first thick oxide and the second thick oxide are 2 formed by local
oxidation of silicon (LOCOS). 1 13. The method of claim 1 further comprising the step of 2 forming a
compound structure at the second region wherein the compound structure 3 comprises the second
insulating layer over the substrate and the second conductive feature over 4 the second insulating layer,
and wherejisthaigemerngstructure is not formed on the second 5 thick oxide. 1 14. The method of claim
13 further comprising the step of patterning the second conductive 2 feature to form a resistor. 1 15. The
methad of claim 4, fhitber GaMpsisingdhe steps @hh fRigningddbiid arRasadalongra sidewall of the second
conductive feature and the second 3insulating layer; and 4forming a third source and a third drain region
adjacent the third spacer. 116.The method of claim 15 further comprising the step of connecting the third

sourcq ang 2the (IS, diain o form & CARARIoT. 4 A7 ATEINadof forming an lplegialed eyl pomprising

1 ] ]SOUI'CIG
the steps of 2 forming a Insulating layer at a ion ahd a second focation of a silicon 3
substrflte; tﬁ J?ﬂ@cﬁn& 88%%'&9% ggnpgr&% (];II_I’.S'[ insulating layer at the first location;
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5 forming a mask layer over the first location and the second location; 6 forming a first opening in the
mask layer at the first location to expose the first poly 7 silicon, and forming a second opening in the mask
layer and the first insulating layer to expose 8 the silicon substrate at the second location; 9 forming a
thick oxide on the exposed poly silicon in the first opening and on the exposed 10 silicon substrate in the
secong opening; AlnreiretivelyHamevinthibapely Silicananghibaditat isplaling layer not covered by the
12 thick oxide at the first location; 13 forming a second insulating layer over the first location; 14 forming a

condugtive layer gyefitheafiisidacatiamand thesespnddesativmd s JevRying-pRitieons afitoa conductive
layer and the second insulating layer at the first 16 location, such that the conductive layer and the

seconl insylgdingdayer remain over at least 17 portions of the thick oxide at the first location, and
simultaneously removing portions of the 18 conductive layer and the first insulating layer at the second

locatian, such thabahlaagoansirasheh IR Heramaining L9sdiclivaiiay &idgoyer a portion of the thick
oxide and extends over part of the 20 first insulating layer. 1 18. The method of claim 17 further

compsgsing the stepsmafelafatping @sewemandsalgeaininthefiesidasatinnafdhe silicon substrate; 3
forming a spacer along a sidewall of the remaining conductive layer at the first location;
6 forming a first opening in the mask layer at the first location to expose the first poly
7  silicon, and forming a second opening in the mask layer and the first insulating layer to expose
8  the silicon substrate at the second location;
9 forming a thick oxide on the exposed poly silicon in the first opening and on the exposed
10 silicon substrate in the second opening;

11 selectively removing the poly silicon and the first insulating layer not covered by the

12 thick oxide at the first location;

13 forming a second insulating layer over the first location;
14 forming a conductive layer over the first location and the second location;
15 removing portions of the conductive layer and the second insulating layer at the first

16  location, such that the conductive layer and the second insulating layer remain over at least

17  portions of the thick oxide at the first location, and simultaneously removing portions of the

18  conductive layer and the first insulating layer at the second location, such that at least one end of
19  the remaining conductive layer is over a portion of the thick oxide and extends over part of the

20  first insulating layer.

1 18. The method of claim 17 further comprising the steps of:
2 forming a source and a drain in the first location of the silicon substrate;

3 forming a spacer along a sidewall of the remaining conductive layer at the first location;
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-20 4 and 5 forming a spacer along a sidewall of the remaining conductive layer and the thick oxide 6 at
the second location. 1 19. The method of claim 17 wherein the first opening and the second opening are
formed 2 simultaneously. 1 20. The method of claim 17 wherein after the step of removing portions of the
conductive 2 layer and the second insulating layer, the remaining conductive layer and second insulating
layer 8 argiepterminous with the poly silicon remaining after the step of selectively removing the poly 4
silicon and the first insulating layer not covered by the thick oxide at the first location. 1 21. The method of

claim 47 whereinfafigiihe stephigibuniRantionsofdhaisandusiug - gvayseanading serRRNskiasulating
layer, a portion of the remaining conductive layer extends beyond 3 the poly silicon remaining after the

step of selgcthealycainayipgdihe poly silicon and the first 4 insulating layer not covered by the thick oxide
at the first location. 1 22. The method of claim 17 wherein the first insulating layer has a thickness of
about 60A to 2 about 110A. 1 23. The method of claim 17 wherein the thick oxide is formed by local

OXIdation qf9§IIIC0EIh% %Qh%gg}'c%alzrﬁ' '1'%‘r\]VllQetree%%L%dﬁ(r:Isrtcgf)tetslhrllécetul{(rlet}%) gg%'nsdn(%ening are formed

2 simultaneously.

1 20. The method of claim 17 wherein after the step of removing portions of the conductive
2 layer and the second insulating layer, the remaining conductive layer and second insulating layer
3 are coterminous with the poly silicon remaining after the step of selectively removing the poly

4  silicon and the first insulating layer not covered by the thick oxide at the first location.

1 21 The method of claim 17 wherein after the step of removing portions of the conductive
2 layer and the second insulating layer, a portion of the remaining conductive layer extends beyond
3 the poly silicon remaining after the step of selectively removing the poly silicon and the first

4  insulating layer not covered by the thick oxide at the first location.

1 22 The method of claim 17 wherein the first insulating layer has a thickness of about 60A to

2 about 110A.

1 23 The method of claim 17 wherein the thick oxide is formed by local oxidation of silicon

2 (LOCOS).
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2 a flash memory cell formed in a first region of a substrate, the flash memory cell 3 comprising 4 a
floating gate oxide formed on the substrate; 5 a poly silicon floating gate on the floating gate oxide; 6 a
first thick oxide feature formed on the polysilicon floating gate; and 7 a control gate formed of a
conductive material formed on the first thick oxide 8 feature; and 9 a transistor formed in a second region

of the subsyfate, the fransistar GRMPYENIuALergsHgiIAXIde formed on the substrate; 11 a second thick
oxide feature formed on the substrate adjacent the gate oxide, 12 wherein the first and the second thick

oxide features arg fRIFR@SEHHIERNGOHHBA f3aHARNSISHN daledeiimes aR e aienwside«and the second
thick oxide feature, 14 wherein the transistor gate is formed simultaneously with the control gate; and 15
a source regighraiha drain region formed on opposite sides, respectively, of said 16 poly silicon floating
gate. 1 25. The integrated circuit structure of claim 24 wherein the first and the second thick oxide 2

featurgs are formed by lp¢rleixid atiRnefdileendd C@SIuBsitheT he integrated circuit structure of claim
24 wherein the control gate does not extend 2 beyond the floating gate.

5 a poly silicon floating gate on the floating gate oxide;
6 a first thick oxide feature formed on the polysilicon floating gate; and
7 a control gate formed of a conductive material formed on the first thick oxide

8  feature; and

9 a transistor formed in a second region of the substrate, the transistor comprising
10 a gate oxide formed on the substrate;
11 a second thick oxide feature formed on the substrate adjacent the gate oxide,

12 wherein the first and the second thick oxide features are formed simultaneously;

13 a transistor gate formed on the gate oxide and the second thick oxide feature,

14 wherein the transistor gate is formed simultaneously with the control gate; and

15 a source region and a drain region formed on opposite sides, respectively, of said

16  poly silicon floating gate.

1 25.  The integrated circuit structure of claim 24 wherein the first and the second thick oxide

2 features are formed by local oxidation of silicon (LOCOS).

1 26.  The integrated circuit structure of claim 24 wherein the control gate does not extend

2 beyond the floating gate.

1 27. The integrated circuit structure of claim 24 wherein a portion of the control gate extends

2 beyond the floating gate.
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1 27. The integrated circuit structure of claim 24 wherein a portion of the control gate extends 2 beyond
the floating gate. -22 1 28. The integrated circuit structure of claim 24 wherein the flash memory cell is
selected 2 from the group consisting of stacked gate flash cell and split gate flash cell. 1 29. The
integrated circuit structure of claim 24 wherein the transistor comprises a high 2 voltage laterally diffused

metal-oxidggsemipaRgiieiah@a\iFeuiHN k&M 14i324T hedRiRATRISH HIRkIhs FUtUrR afielalin 29 wherein
the HV-LDMOS has a breakdown 2 voltage of higher than 15V. 1 31. The method of claim 24 wherein the

gate oxidefhag dhicknessisang Wrefduaiaheutidsh e and split gate flash cell.

1 29.  The integrated circuit structure of claim 24 wherein the transistor comprises a high

2 voltage laterally diffused metal-oxide semiconductor device (HV-LDMOS).

1 30.  The integrated circuit structure of claim 29 wherein the HV-LDMOS has a breakdown

2 voltage of higher than 15V.

1 31 The method of claim 24 wherein the gate oxide has a thickness of about 60A to about

2 110A.
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