MULTI - LEVEL GATE SONOS FLASH MEMORY DEVICE WTH H GH VOLTAGE OXI DE AND
METHOD FOR THE FABRI CATI ON THEREOF TECHNI CAL FI ELD The present invention
rel ates generally to sem conductor integrated circuit devices 5 and

met hods for the production thereof, and nore particularly to devices having
non-vol atile nenories and associated circuits on the sane device.
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for exanple, fromdevice mniaturization, while others have been realized

by creating multifunction devices on a single sem conductor chip or die.
Hi storically, sem conductor devices can be broadly divided into two

categories: data processing (EgeyIcevEFggsand data storage (nenory)
devices. Devices that performthese two different functions have
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devices in outer "periphery" regions. The periphery regions contain
functions that support the nmenory cells (functions such as address
decoders, read/wite 20 buffergacagkRoengeagnplifiers) that require

di fferent manufacturing procedures fromthose required for the core
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| ayers of different thicknesses. Typically, logic function devices require
t hes us&logfever, tikin idcagpeing ohintaturization and complexity, these functions are increasingly
being located together on the same semiconductor chip or die. Memory cells, for example,
will typically be located in one region (a “core” region), but will also be provided with
surrounding supporting devices in outer “periphery” regions. The periphety regions contain
functions that support the memory cells (functions such as address decoders, read/write
20 buffers, and sense amplifiers) that require different manufacturing procedures from those
required for the core regions.
The creation of many semiconductor devices starts with growing a first layer of gate
oxide over the surface of the silicon wafer where the semiconductor device is to be located.
The gate oxide is a thin layer that allows better adhesion between the overlying layers (to be
25 applied later) and the underlying silicon. The first layer of gate oxide also acts as a stress
relaxation layer during manufacturing of the semiconductor device.
Device performance is highly dependent on the thickness of the first layer of gate

oxide. Modern devices combine field effect transistor (“FET”) devices with other logic

devices on the same semiconductor die. The differing functions provided by the various




gate oxide to enhance overall device performance, while a thicker gate
oxide is required for the access transistors of dynam c random access
menory ("DRAM') cells. As an exanple, 5 when the gate voltage on an FET
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30 and eras ogra e-read-only nenory ( ROM') devi ces. EEP
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in the micron and sub-micron range). Thus, the layers of gate oxide that are required for
these various devices need to be of different thickness levels. As time passes and circuits
become smaller and ever more complex, it is becoming increasingly important to be able to
fabricate all these devices on the same semiconductor die regardless of such gate oxide
25 thickness differences.

Non-volatile memory devices are currently in widespread and increasing use in
electronic products. Non-volatile memory devices retain stored information after the
electrical power is terminated. In addition to EEPROM devices, non-volatile memory
devices include read-only-memory (“ROM”), programmable-read-only memory {(“PROM”),

30 and erasable-programmable-read-only memory (“EPROM”) devices. EEPROM devices
differ from other non-volatile memory devices in that EEPROM devices can be electrically
programmed and erased. Flash EEPROM devices are similar to EEPROM devices in that the

memory cells can be programmed and erased electrically. However, flash EEPROM devices




al so enable the erasing of all nmenory cells in the device using a single

el ectrical current pulse. Product devel opnent efforts in EEPROM device

t echnol ogy have focused on increasing the programm ng speed, |owering
progranm ng and readi ng voltages, increasing 5 data retention tine,
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20 some disadvantages as well. In some instances, it is difficult to form the charge trapping
laver over a silicon substrate or gate oxide layer with precision, uniformity, high quality (no
defects), and without contamination. This presents challenges for precisely and uniformly
forming ONO sub-layers having predetermined thicknesses. Thus, important factors toward
achieving high performance SONOS cells include the thickness, quality, and cleanliness of

25 the ONO structure, which cannot be sufficiently guaranteed with many known fabrication
techniques.

Another disadvantage with SONOS type memory devices is the high temperature
process that is needed to make the ONO structures. This high heat can cause undesirable
distortion of prior structures already formed on the semiconductor die.

30 There is thus an unmet need for more advanced and economical methods for
producing SONOS-type nonvolatile memory devices having improved material purity
{(leading to improved poly-to-source/drain isolation), little or no heat-induced distortion (such

as excessive diffusion of implants), and multiple gate oxide thicknesses on a single chip for




as excessive diffusion of inplants), and nultiple gate oxide thicknesses on
a single chip for 3 accommobdating core and periphery devices that are
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t echni ques dhd meentimgntddiproodal a mahpd dri tyanafidtuexgens entegrateef @rcuit
fabrication processes. Certain enbodi rcriegts of the.invention. have other
advant AGBEUen AJATIFBAEY YPSTHC b RO Iegf A SUC (EHETSh &Y “abo Y EN T R
adygnt ' ARPAMRNatd GelbORGapdtiit kthell Pn hMpudhty offthiRRR@sdseadi ng
of w?he%%%%dr%pﬁgggﬁt ed descr}"trai pt on V\hg}i&tlaken em?htb;%ef elttrye(.)nce1 to %ﬁe 20
acconpamyiphgaldyaidegses BRIGES oRESERISETICONI @R THIBSDRAWNESoHR] delettrioslager
cross-sectianal ,view of portions of. a silico r ipcluding,.a

sl contitiek g dipyer atens BoitBe aPdrSaprion TAEM SRl BR300t fumet 1 ¢
layer, owktdt 16ast PRokRRBTHhOMbE Rt caNdagaPash tags A¢ehed ffectoanthplingidect ri c
| ayer in accordance with the 25 present invention; FIG 2 is the structure

of FI Gin [poftivink ohithrrgsespiethdistpetfc lakier. sBripmptiidepsrides @ meppe of aprugactysit i on
Seddna AT SHETRAPLESRR Shirec B Bul R RS o e gt bleC
i nvent ic@mplekity and expense in wafer fabrication processes.
Certain embodiments of the invention have other advantages in addition to or in place
of those mentioned above. The advantages will become apparent to those skilled in the art
from a reading of the following detailed description when taken with reference to the

20 accompanying drawings.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. | is a cross-sectional view of portions of a silicon wafer including a
semiconductor substrate, a gate dielectric layer, and a second dielectric layer, with a
photomask patterned and deposited over the second dielectric layer in accordance with the

25 present invention;

FIG. 2 is the structure of FIG. I following etching of the second dielectric layer and a
portion of the gate dielectric layer;

FIG. 3 is the structure of FIG. 2 with a second photomask patterned and deposited in

accordance with the present invention;




FIG 4 is the structure of FIG 3 after etching of the remaining unmasked
gate dielectric layer and renoval of the second photomask; FIG 5 is the
structure of FIG 4 after formation of a third dielectric layer on all the
devices regions; 5 FIG 6 is the structure of FIG 5 receiving ion
i mpl ant at i oRIGaf 4 ag t]@atstrectn'rmgf anda. 3de’4‘msétt:hing aff tha tehatdngp hotrasiask gate
accordance with the %ﬁ % |nvent&§ FIG. 7 is the structure of FIG 6
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Is the s%ﬁz?rdpﬁ&emt(? ' 19 need for high performance at lower internal operating voltages.

Therefore, efforts to merge the technologies of memory and logic onto a single chip create a

20 dilemma, i.e., the design choice of either (1) compromising the gate oxide thickness for one

and/or both types of devices, or (2) assuming the complexities and expenses associated with
forming two separate thicknesses (thickness levels) of gate oxides on a single chip.

Another configuration requiring multi-level gate oxide layers is metal oxide

semiconductor (“MOS”) devices, when combined p-channel MOS (“PMOS”) and n-channel

25 MOS (“NMOS”) devices are created. The majority carriers of PMOS devices are holes; the

majority carriers of NMOS devices are electrons. Holes have considerably lower mobility

than electrons, resulting in a lower drive capability for the PMOS device. To compensate for

this and to equalize the drive capability of the two types of devices, either the gate of the

PMOS device is widened (allowing more drive current for a given gate voltage), or the

30  thickness of the gate oxide layers for the two types of devices is adjusted to different

thickness levels (allowing for higher gate current while maintaining gate width the same). Of

these two solutions, the varying of the thicknesses of the gate oxide is the more promising

5




5 since widening the gate electrode requires increased surface area, which
is contrary to the need to mniaturize the devices. One technique for
creating gate oxide layers of different thicknesses is to forma
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| ength of t IReoduct development efforts in EEPROM device technology have focused on
increasing the programming speed, lowering programming and reading voltages, increasing
data retention time, reducing cell erasure times, and reducing cell dimensions. In this regard,
one important dielectric material for the fabrication of the EEPROM devices is an oxide-
25 nitride-oxide (“ONQO”) structure having three layers of dielectric material on one another,
such as silicon oxide (“Si0,”), silicon nitride (“SiN™), and silicon oxide. Conventional flash
memory cells made with this technology use a tunnel gate oxide layer and a poly-oxide-
nitride-oxide-poly (“poly-ONO-poly”) capacitor configuration for the floating gate. During
programming, electrical charge is transferred from the substrate to the silicon nitride layer.
30 Voltages are applied to the gate and drain of the EEPROM device, creating vertical and
lateral electrical fields that accelerate the electrons as they flow along the length of the

channel from the source, past the gate, and to the drain. As the electrons move along the

channel, some of them gain sufficient energy to jump over the potential barrier of the bottom




channel fromthe source, past the gate, and to the drain. As the el ectrons
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into an ONO dielectric w rease the poly to source/drain isolation,
t her ebyodec/deasiisiptiohe Tleb isbipirtant becavse comtpmimpatide vind el pastsiemplahisrtbati t h.

This is especjally a concern en bitljines are for i mpl.antin
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sour cegheleaidngn ak&atidm! RRkBE RIckEinkOthel RAEbINEG, toFetheNRefio) aklicke marwant ed
excessi ve diffusion of the I npl ants occurs during the to several subsequent

t her malthargeities This socpetialty avetrermakhegbidings arerferhéedigy g sehskedtaitisc.

Despite these. liMmtatjons,.siliceon-oxidesnitride-aoxi.de-silicon ("$S ")

{1 aoh agF1 TR NP YRAROR ol AL Th Dokl w5 bRl ey

I nt egr abinfiRg \thd ONGI BilectreVh & 8fed BxddIgve BIMSRADLIRO ImSluts loScgt dhding the
conplicated due to the differing gate dielectric |ayer thickness

r edi r spemtlsubsequatrlosmakeiste asweateslivek mekig ad andaling NP NEelectili ch has
15 nitride ) r nd hol.d char.ges.. i ed: for. char ge
st or age Iayz%g&ﬁfgﬁﬁé&gﬁ$§§g&d§bg%é§%§?§§gﬁé%nggﬂgggéﬁgpﬁgﬂggﬁgxgi Icon

waf er feonfigirhtvdrizgdd ReansEyohy aetdfsctwangd prédesse Huvgdve ointeagriodewith agherequi r e
a thick dielectric layer. Further, apart fromthe conplications, of

fabri caevises prutheisemispaiugioietiads vilbeqmpliorisdslisdo dis differingpate diekechtis laysese
differ j e £ 7 g L I . ' 0 - n ONO
ayer Topeihl P RBRgll 1hSOIR08 AR p b A ek oONe) B R A

hi gh- volittidgerage v aes ané gbhinchaffissis sse doatizenanoryQN@rdeasteragwildyer.nHigh-de

traps (or defects) has not served well as a goad dielegtric |ayer, for, the
hi gh- vd’P{%%fedé‘dféW AESHSe E“”a é’&Jﬁ? PHYC é%?%wégeég%f ‘ﬁj‘b"“ﬁ%l ﬁ%&‘%“%‘ﬁﬁe‘f‘dﬂé

| ayers tﬁ&@aﬁghglol'ta%é RieGRAL rré’ﬁ&{eatah%igﬁ efeRbtrik an?@lt.i Opuxﬁge?,v iagﬁf){%}n the

unconpl | cated conplinentary | oxide sem conduct or process to

fabricabemﬁumkmphﬁ'ﬁhﬁ@kmgsmuh§@Wdcﬁkk®kadﬁdG@§WS©NO$ﬁ$%mmd®¢ﬁkth@gions,
h o vel hage, deticee, Lenlons LORASUPH o[ L), deYiGes, pealang, and core
filan | a¥&horyf(@asH £81) IENSE lré?fmr@ﬁdd@a iHe@Svahde UBG A @RMOI TIRIR KlRMiEeas iN
the sanme process stéeps. Referring nowto FIG 1, therein is shown a
cr oss- S¥EQilayer ofithenigideitpn (waletacts) 00s et setved fellss asgoag déiclestriplayerdiostheg to
fabri Cefltigeil-g()l?aeggid%\%ggs? ﬁ%u(s) E'eq%%‘\llrilgchtglas ép@% %lntc!at@ ltl?e éﬁgj 1%{)@13 fsé)prarately.
In contrast, the present invention provides an uncomplicated complimentary metal
oxide semiconductor (“CMOS”) process to fabricate multiple thickness dielectrics for
25 SONOS flash cell regions, high-voltage devices regions, input/output (“*I/0”) devices regions
and core circuit devices regions. Further, the present invention produces the ONO film layer
for the SONOS memory devices and the high-voltage devices in the same process steps.
Referring now to FIG. 1, therein is shown a cross-section of a silicon wafer 100 in the
first stages of processing to fabricate a semiconductor device having multiple regions for
30 individual devices with differing gate dielectric layer thickness requirements. For example,

there are flash cell devices regions 102, /O devices regions 104, core devices regions 106,

and high-voltage devices regions 108. Typically, the IO devices regions 104 tend to be




30 individual devices with differing gate dielectric |layer thickness

requi renments. For exanple, there are flash cell devices regions 102, 1/0
devi ces regions 104, core devices regions 106, and high-voltage devices
regions 108. Typically, the 1/0O devices regions 104 tend to be 7 |ocated
in periophed yh pegilens rafiotshe the evealall ssmidondndacioicadand operamdvitipeoiédges wi t h
vol tages arqund t ﬁe that of the circuit deyices | ocat in the core
devi cedoyy ‘i“ﬁ?f’sthﬂb%#t FRECWS 15V [Qpatedin SRS ics SR b dict or substrate

110, such ap, sl 1!:(%7rgﬂfafer§'00)has ANsemitiellcdr %sﬁat@' ﬂl()e@ﬁdﬂ & LBY&T (<518, oh

substantial 'y uniformthickness has been formed. The 5 gate dieléctric
| ayer dhi2h augasakiiejectfic &iyer d:bhoﬁxmh:k@n(l'alsjr mfﬁ)r,m Hasknessbasobrendbahedt The | ayer

114, such a Slllcon itri t.h reover h.as educed
s e BRSOy bl s ebh b R A T e Btk d e B T e,
patt erﬂl%ﬁ 288088 RRRHE PBINVEhrhELHSRSOAT sudhi ﬁ'b@QEdludéd lneasetire bhdmidaliyapenl y 1 n
the flash cell devices regions 102 and the high-voltage devices regions

108. 1@pbhidion é‘FGfNDhbr Azt pliotorasskuldéd s Henaiatieinsd ded ilepagited orerghapreopér al | el
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perpengiév%éls%gl@l% ;dge hor i zont al as jUSt defi ned. Teens such as "on",
"above", "below', "bottom, "top 'side" (as in "sidewall"),
" ower ", " oVks termaherizoniald ey ﬂsedaheem@eﬂr daragd @ ¢ nlmeeﬁ@élﬁl &Oéh@ ﬁ@lwaw% nt al
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mat er i % oresit s exposur e evel opnent, etc

cl eani fgiers Q@d/dlfecfism‘éqien@ihulfaheo ;31 1@0"1iz@hta0ras jhdetnesi Teras snegus fed’,i n
formng a described structure, Referri now therejn is shown
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t he st rapeves éb@PWf%I ‘Bottpmf’ oItP%’\’M“ﬁ‘&eeﬁ?HFné‘dS‘r"al t)hehlg%ondoﬂ?lel eXfF vc'mT1 ayer

reglons 4’ an € core devices regions 106 not protected by the first
phos onmask 1Tke tefne"pro@ssingi msgu@atlercdn éh@dedesidepostyar ofl batarisl ar phétnreeist,

unrenoved gate dielectric |ayer ferrin owto FE 3, thereinis
Shown DTSR BUBHIE eF oo S S Bk d T PhecomdicbeD BUtTal fod and
deposi bﬁ&or%gg{astrg 1?@%‘4@%’1]11111 QX%Es%rl'b@d tdgefkash cell devices regions 102,

I/ O devices reqi o hi gh-vol t age devi ces regions 108, but not the
core 25 deRcfeemgmgmunEIG.%theReﬁesrshomgx thostauEloBFIG, | fHevdnneichingiodwn t he

oo ot El e OO FAGPARS P SRR R LSRG ©
phej Orr?e%lforéQ@fi and the core devices regions 106 not protected by the first photomask 116. The
remaining gate dielectric layer 112 is a thinner, unremoved gate dielectric layer 200.

Referring now to FIG. 3, therein is shown the structure of FIG. 2 having a second
photomask 300 patterned and deposited over the several layers in the flash cell devices
regions 102, /O devices regions 104, and high-voltage devices regions 108, but not the core

25  devices regions 106.

Referring now to FIG. 4, therein is shown the structure of FIG. 3 following etching of
the remaining gate dielectric layer 200 in the core devices regions 106, and removal of the
second photomask 300.

Referring now to FIG. 5, therein is shown the structure of FIG. 4 following formation

30 of a third dielectric layer 500, such as by rapid thermal oxidation (“RTO”), on all the devices
regions 102, 104, 106, and 108. The third dielectric layer 500 that is grown in the flash cell
devices regions 102 and the high-voltage devices regions 108 will show the thinnest growth

since it is grown on silicon nitride. The third dielectric layer 500 that is grown in the /O




Referring nowto FIG 5, therein is shown the structure of FIG 4 follow ng
formation 30 of a third dielectric |layer 500, such as by rapid thernal
oxidation ("RTO'), on all the devices regions 102, 104, 106, and 108. The
third dielectric layer 500 that is grown in the flash cell devices regions
102 angdevides rbgighs Vo4 tvdlg e devieee Theeabird dieiddse iykd S&htat ishgotvhiintiestorgr owt h
since it is grown on sili conggi‘ilri de. The third. die|]ectri Cd'% er 030 t hat

i s grotvicas weens ey iy figal ogkls Palgisosre VoSl Ty thhckhesrd st g

di el ecldlicol AERE sPRYalhAb, bt MR W bbBiaREE  devices Tegions 106 is
fresh oxide that 1s grown directly fromthe exposed silicon of the

seni conduct RefegipstavateeF T 6, thandn tsshowhdhe stwidtiire lvé FiGi T kelotwin®Rpdtearaingg now
to FIG 6, therein is.shown th ructure of FILG 5 follow.n atterning 5
and® deSLISAOBROBIO4 THEMICBHE BRI Gh ooV HE <vnk Bl 4588 errhe 1 o
devi ce$pd GOMS/icckA4gioh O 66,08Mi 1ﬁ§1§v61@%e0c§bsfi&e9%gi_@mlds @t el thedrisk eyl ces
regi ons 108, but not the flash céell evi ces regions 102. | npl ant ati on

ar r onsd60dsirbgioss @ elmppitatinaarioors @4 illgsisate onplontatieeof eapsor dhargeHepsecond

dielectric layer,.114 .of th | ash el | i.ces reaqi 2. . For t ypi cal
Cecondin e spbfdidetdlaseh T o sh bRl SHERSE R 0P PP bR &bl £ e
traps Hgldgid @R§ Qandfading A iddplddtatio, wilk pro@icet digide teFRkRAtIbRNGntalfiag

inplantation is sel ective and does not occur in the devices regions 104,
1060 aHd, HO& dwe their edrabinpiiong. pHist ioralakatenis ssiesbve pnd)dosard PP MBEe 6 i s
t he conbi.ned gat e, di ctrie, layer.. 602 i devices regions 104,

whi ch H%VE?%éCQS%%(%‘a@@ﬁ%gf@? Hlégﬁ)ntpgﬁ%olvde@mté%ﬁaeyﬁgl ectric layer 200 and the

third di el ealdoiifludtay@r in300:. BAs tich@niifkdgmt detecrgiagpnscR04 ths /Shdamcesn Fl G
5. As shown in 15 FIG 6, the conbined gate dielectric | a[yer 602 is_thicker
than t kel 14, sihigheist the cominarionof the Hagemayed maenddestictpye 208qndnthe and

gener al v &i@%@t&iﬂﬁ ie?ts%o.tf&ethteﬁk%‘a@%gése% Rns 108 & Rhon idiEeE 06 WiGnba¥en 500
in the core déevices regions 106 and t § original gate dielectric layer 112
stith| remmé,nhagombidebaatd diskcreiel lhyaeili2cieshickgi thas tik0Birdntelediac hiygh-500I t age

devices regions 108. Referring nowto FIG 7, therein.i.s sho he, .
struct fhae s foreed an B By Tl oot {1 &%%ﬁ%ﬁ% KeGBB The

second ydk el I [ I /i ' - :
dg:z:]e%%l eﬁ?%do@ﬁ%ﬁe Jd _d'e@r05411%§{()|11§51b6 Qllﬁ:%f &1@%‘(&1?@%&1&8&%@8@10 te-{be ICEiZ

follown antation illustrated in , fornms an inplante
di el ecttill cerheayieg iiv0Q flablavélhdevien regiaps! 020@d tReliightvioligeertewicep regia@s 183.
thereiniSf{gwnthe stﬁﬁgure of . FI G th

conduct i ve ENBYYY Hh » TR By SH‘PHi}glP‘ISS%iI{??L\ﬁA? Bpﬁé%gfgb%)‘gg? rgfg‘@?%];?ggr The
f oy t h, 2 A RdHRtdsK SobayRte SR0hdMielechy IRl Vi4 B thetihgh GO iedlegRk RNk ayer
for the several devices in ('a_ach region, and will typicall 1y be a
pol ynoi phdubowingitbomglapetigt Miustgated (raFIG. 6, forms an implanted dielectric layer 700
having ion traps 702.
Referring now to FIG. 8, therein is shown the structure of FIG. 7 following formation
of a fourth conductive layer 800 on the several layers in all the devices regions. The fourth
25  conductive layer 800 will normally form the control gate layer for the several devices in each
region, and will typically be a polymorphous silicon (*poly”) material.
Referring now to FIG. 9, therein is shown a flowchart of a method 900 for {abricating
a multi-level gate SONOS flash memory device with high-voltage oxide. The method
includes a step 902 of providing a semiconductor substrate; a step 904 of forming a gate
30 dielectric layer over the semiconductor substrate, the gate dielectric layer being formed in a
plurality of thicknesses in a plurality of devices regions over the semiconductor substrate; a

step 906 of forming a second dielectric layer over at least one devices region of the

semiconductor substrate; a step 908 of forming a third dielectric layer over at least portions of




Referring nowto FIG 9, therein is showm a flowhart of a nmethod 900 for
fabricating a nmulti-level gate SONOS flash nenory device wth high-voltage
oxi de. The method includes a step 902 of providing a sem conduct or
substrate; a step 904 of formng a gate 30 dielectric |ayer over the

sem cotduetard delesticdhgsr; tiba grbe 10i dlseettivaly implentilyeiongrdparingdrtiomsaf
plurality of thicknesses in a plurality of devices regions over the

sem col@resw delpdilr AYEF a  step 906 of forming a second dielectric |ayer

over at |ea e i ! ’ tep
008 of f or g et Ay G af SRR RuBle bahod 3G PRORRE IR BSINSELERLTONGS  he

secondflashehenbrsi devicayeth highdobast epdOk@edbmsel asdbilewes:y i npl anting ion traps
in portions_ of_ the.segond die]ectric |la . In greater detail, the

it act ur g TECRRIRG P otrekete HaD it aeror gL st Bl Srleth erory
devi ce with hijgh-yodibage repeidemboreriien TR saonfl Aidlowse 18ed 11TRE SiN is
sem conduct or substrate 110 is suitably prepared and the ﬁat e dielectric

| ayer 112 of fein@al pserf thengate theeevn. lasfehl 2t h&Nexbchadini ehetemeble llayier 114
of SiNis fornmed over the gate dielectrig lLayer 112 . Nex the fiir
photomask 116 oemalEhe Bt G PemhaiicbEr B el e B Btk ) W& er 120
in the flash gesibndey &ﬂ%igtﬁ@@it?@&leﬂ@% pthnlilgh- Walt age devi ces regions
108. (FIG 1) 10 2. The second dielectric |ayer 114 and a portion of the

gatie di el ec®rilhelsgyend diglechicdayestidierdtaoperEapvé thengais lislacke layey Hevitges
i 104 t G ' ) fi.rst
oot omesk_ 110 ST FOLG=RASF RO e BT BIRER BBt oL

second phot omagk @0Grésctehern themmadhowusiaske 6l dpier frst photbmatit 456 icdlch
devices 15 regions 102, the 1/0 devices regions 104, and the high-voltage
devi ces regi od8moYsB. (FI®E, 3) 4. The unrenoved gate dielectric Iayer 200

devi c & | | !
whi ch the Scond Shatonaar b LS HERITaPHAERE 45" Bihe M APl RO

di ebectric | ayegiobH00L stheHED deorcoe degivar [ Hhandl aye hgzhivolapd deheedmgicss
regi ons 102, 10%, 106,..and 108. (FIG 5) 6. The third photomask 600 is then
formed over thd Ié@@-é)i n all the devices regions except the flash cell

forl s, sghomcien it g relay 1l W eptos, o fecial  on
devices regions 106, following which the second photomask 300 is removed.
(FIG. 4)
20 5. The third dielectric layer 500 is then formed over the layers in all the devices
regions 102, 104, 106, and 108. (FIG. 5)

6. The third photomask 600 is then formed over the layers in all the devices regions
except the flash cell devices regions 102, and the entire structure then receives
implantations for nitride traps, such as by ions containing H', N, O, or their

25 combinations. Due to the protection of the third photomask 600, the implantation
into the dielectric layers actually occurs only to the second dielectric layer 114 in
the flash cell devices regions 102. Also, in the VO devices regions 104, the
unremoved gate dielectric layer 200 and the third dielectric layer 500 are now
combined to form the thicker gate dielectric layer 602. (FIG. 6)

30 7. The third photomask 000 is then removed. The structure at this point now
includes the implanted dielectric layer 700 in the flash cell devices regions 102,

which is the second dielectric layer 114 after receiving the implantation illustrated

by the implantation arrows 604 in FIG. 6. (FIG. 7)
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25 conbi nations. Due to the protection of the third photomask 600, the
inplantation into the dielectric |ayers actually occurs only to the second
dielectric layer 114 in the flash cell devices regions 102. Also, in the
|/ O devices regions 104, the wunrenoved gate dielectric |ayer 200 and the
third di el et rlite fhaylecoslotiae &yaod00 Combkanplet @ phlor gate)he thdn kaed gnel

emoved. The. StFaty f Baterten oROrite i el IR P B P et 1 o
layer 700 in thent! @shsieeld). dend.ggs regions 102, which is the second

dielectric layer 114 after receiving the inplantation illustrated by the
i mpl ant at i ofhafinalowmcoisinmplticdevel gatrP@NCD flash gemynedeving: febricedeyihi ve

| ayer 800 (for,. e I a_pol at S then for . | . i f the
devt ce paargia DR FRERaX S R el ek e e
(not  shpumMinndsttiGekls Tl fd palthe highcdpded lbs-winant ttbrd éamédesgagienSOVEE f | ash
menory device fabricated with 5 an unconplicated CMOS process, that yields

four dedtbefaribe & @ctpeersbdevieesta BrAdssipEdheissiovicehapemiciiigaltagssi Bkness
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For tnETr AR BErS ERES s s G o AR Bk 3R el M 02 C%
vol t aggmh-fodage edeRimeb,e sudhwiag efol hie  bightndtafd ghensipeed thatr dodéwei lesh cEllen

t hi cker gates are provided for the high-voltage devices, such as for the
hi dh- veragagemtiansi stors that do the flash cell 10 progranm ng.

Si nul t aneou ' . , NSNS | : Oikehrgtrics
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of thefdefedct sdditiapslyi bytdaecfully ashiradbhg tENDHaytetiqn vhéenddedghays in the

charge-hol ding functionality is inparted.in_.the me. process. sje in
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usi ng conventi chnol ogrres to sinul taneously formall the devices

r egi onstraightftvevadi, econtmica, ti@nipicetetli onl Hahlybeentibayerdshasing voromfiondt i on
with a specifjc, best rmde1 it 1 S hto be unqerstogigeé.hat many al ternatives,
modi fi EEPTOABLeS hymydpregrsly famplf hegleVigghise e OP S ¢ifose skilled in the art
in light of whe &ErR48bMEadRSE deftibed in ASGHHAGH ith a biecifi hedt @Bdedt 0 20
enbrace all such alternatives, nodifications, and variations which fall

Wi t hi ntd e widkrsicoddhet meeo plersftitee modificatdens, endivesatios| withbe apgarent to

hither-to-fore set forth.herein or shown.in.ik ] ng INgs are
to be. Fivespie a8t SLi RS Reffo Gl Bubifh, REGEIRENL LMY iR
20  embrace all such alternatives, modifications, and variations which fall within the spirit and

scope of the included claims. All matters hither-to-fore set forth herein or shown in the

accompanying drawings are to be interpreted in an illustrative and non-limiting sense.
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Il THE I NVENTION CLAIMED 1S: 1. A nmethod for manufacturing an integrated
circuit structure, conprising: providing a sem conductor substrate;
formng a gate dielectric |ayer over the senm conductor substrate, the gate
dielectric 5 layer being forned in a plurality of thicknesses in a

pl ur al THE BfVERVI@ESIoVIMEDtIBe sem conductor substrate; form ng a second
dielectric layer over at |east one of the devices regions; formng a third
di el ectric layer Aowmethodtfor re@stfacaurpgy dn iategoited dicugascoctdred ca@hpdting.c | ayer;
sel ectively [qghantiqg,io traﬁg in portions of the second dielectric

| ayer; and PEPVIHRE BSPRICPMELSHPR A Syer being formed in a plurality of

thi cknesses glpgind i dat@lifelech R ByA9otdr§hd %rﬁicghﬂcﬁﬁtsﬁlbﬁrété&ﬁé gaedicleBic

sem conductor substrate 1n a 3Substantially uniformthickneSs; formng the
secohnd di el ectri tayeapeng dvmredtinet gataditydp bihedinesses Iny phuralitpatitdevicengvand
form ng a photomgsk over at |east one devices region; 15 renoving the
second diel ectri EF?§5?"¥H“8E%§F“§8ViceS regi ons; renoving at | east

portions of {dhfngat@otil alcbkirid GyéraWerf ati1Bast bfe Ot theteHMire@8ns;r €gi ons;  and
forming the third dielectric |layer over a plurality of the devices regions

i ncl udi ng aforinénge tharskdiplectrindayst hegr af abtaepp ey Piohs seoohéd didotide Wet ectri c
20 layer co

Lning W th unrempved partions,,of th di el ic layer in
The ot ner - asurats@ MRl S PR BoRieR R e bt Bl LBk Sh LT o Y€,
The nethod qf claiml wherein the iqn traps,.are_i.nplanted through the third
e act e MaictideceblSiee bt Mmedhn ok S ieis B i g form me &
fourth conducti V?ni{iﬁl/yefqnn?r%ﬁtg%! gﬁtetdlﬂﬁedtﬁé’ glyer é)\rbrttlltheseﬂﬁé/drﬁﬁaof §L|Sljsﬁ}ﬂt%-i11ﬁ- The

met hod of claim 3 whérein t ourth conddctive |layer is a poly control
gate layer. 5. A net hedbstamtialmnuiferot hedkngssan i ntegrated circuit structure,

comrisi e 20 piet LR 2SS SR ARV ORLLA SRR L0t TR
over the sem congugdAingSHBFH@ALa photomask over at least one devices region;
15 removing the second dielectric layer in other devices regions;
removing at least portions of the gate dielectric layer in the other devices
regions; and
forming the third dielectric layer over a plurality of the devices regions
including at least one of the other devices regions, the third dielectric
20 layer combining with unremoved portions of the gate dielectric layer in

the other devices regions to form a thicker dielectric layer therein.

2. The method of claim | wherein the ion traps are implanted through the third

dielectric layer.

3. The method of claim 1 further comprising forming a fourth conductive layer

25 over the layers in the devices regions.

4. The method of claim 3 wherein the fourth conductive layer is a poly control
gate layer.
5. A method for manufacturing an integrated circuit structure, comprising:
30 providing a semiconductor substrate having at least first, second, third, and fourth

devices regions;
forming a gate dielectric layer over the semiconductor substrate;
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12 formng a second dielectric |ayer over the gate dielectric |ayer;
patterning and formng a first photomask over at |east the first and fourth
devices regions; renoving the second dielectric |ayer in the second and
third devices regions; 5 renoving a portion of the gate dielectric layer in
t he second ﬁe‘mmga@secegfﬂ diglestret lajes Ovehﬂlﬁrgetegh@ieddp@lyeﬁt ric Iayer | n the
third devices re ion;, formn i el ect | ove I.I.st,
second, thi P! ené‘ 8 38 {Tﬂm§e‘§9/ ﬁ(’gsér‘spt%1 f%ﬁs e tam: th%?“’é‘i &% L& &4 r| c ffvé%/cgr
combi ni ng wi th thgiaRrenoved portion of the gate dlelectrlc | ayer in the
second devices region to forma thicker dielectric 10 |layer therein; and
sel ecti vel y1¢W1®mthﬁr$gcqﬂdrﬁift1?<éﬁ§E%Yﬁr inbe sesephandiiherdalelicpeiegiper in t he

ot ant et ¢ ERBUGRE AR pEE P BRfeete AT Rq RBEERARE ol BIFRR T

further conprisi Bﬂnfe%ﬁmm@eﬁﬂfzwyléfhltﬁé)ﬁdtdbdé\fv&sl'@'@’f over the layers in
t he devices regions. 8. The nmethod of claim7 wherei n(éhe fourth conductive
layer is a é@wn&@nﬁm@ diclgsiréc |laa§¢br0ve19 therfigstseead, H1rd | Mdndosriinde'asss t he

first devices r egl ﬁcﬂls' §1th1§<!1 %Ec&?cl 1!1 %}5%’ %ﬁ‘ge%mhrtﬁegbﬂgmo{/&ﬁpcﬁﬁSQBfithgev' ces

region is an |/ O devites reglon, the ices region iIs a core
devi ces region, ane chdﬂéctﬁ()lhai}teh ud&w s':aesnd égiion regioa thifgin wohickgedidevirices

region. 13
%’0 layer therein; and

selectively implanting ion traps in the second dielectric layer in the first devices
region.
6. The method of claim 5 wherein the ion traps are implanted through the third

dielectric layer.

15 7. The method of claim 5 further comprising forming a fourth conductive layer

over the layers in the devices regions.

8. The method of claim 7 wherein the fourth conductive layer is a poly control
gate layer.
9. The method of claim 5 wherein the first devices region is a flash cell devices

20 region, the second devices region is an I/O devices region, the third devices region is a core

devices region, and the fourth devices region is a high-voltage devices region.
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