11 Augl 2004 A NOVEL METHOD FOR FORM NG DAMASCENE DUAL GATE. FOR | MPROVED
OXI DE UNI FORM TY AND CONTROL BACKGROUND OF THE | NVENTION , (1) Fi el didok AUReD:
Invention The invention relates to the fabrication of integrated circuit
devices, and nmore particularly, to a sinplified method of grow ng oxide

| ayers of different thicknesses. (2) Description of the Prior Art

Devel opnent sAi ¥OTHie MEMOCOFARC FORMI MGl UsAMASdEave DONET catR ergre anPrboersed on

a wide array of technical disciplines, device designs and device packagi ng

approaches. |nproved seni caichictumrr FpeiEeY NRAS & g@akdpe obtai ned fol | owi ng
one or nore of these avenues. Wiere a | arge nunber of sem conduct or

i fprovenent s have been obtai ned by device miniaturization, ot her
approaches have sought to inprove device performance by creating

mul tifunction devices on ongAég@ﬁﬁgﬂgqgtquq&ﬁvE§@§¢§ricglIy,
sem conduct or devi ces have been broadly divided in functions of data

mani pul ation (logic devices) or data storage (nenory devices). Devices
that address these two different data processing functions have al so-

hi storicalhy beem $tor ag0nndhifgrent physical devices. Were however
" menory cells are 1 : : _

The invention relates to the fabrication of integrated
circuit devices, and more particularly, to a simplified method

{?? of growing oxide layers of different thicknesses.

(2) Description of the Prior‘Art

Developments in.the semiconductor industry have over
the years'focused on a wide array of technical disciplines,
dévice'designs and device packaging approaches. Improved
semiconductor performance can be obtained following one or more
of these avenues. Where a large numbér of semiconductor
improvements have been obtained by device miniaturization, other
approaches have sought to improve device performance by creating
multifunction devices on one semiconductor die. Historically,
semiconductor devices have been broadly divided in functions of
data manipulation (logic devices) or data storage {memory -
devices). Devices that address these two different data
processing functions have also historically been stored on

different physical devices. Where however memory cells are




iTA Gereated on a device that nostly functions as a dat a storage_anq dat a
retrieval device, the actual nmenory cells within the device are typlﬂalﬂ¥32ﬁ%
surrounded by peripheral functions such as address decoders, read/wite
buffers and sense anplifiers. The creation of nmany sem conductor devices
starts with the growing of a layer of gate oxide over tEe SU{facedmhere
the device ds el - .whe gate oxide is a thin ther oxi de,

whi ch al | o(\'/e\r/séa[s)ceeioft)ec}r?1 gdﬁ%ﬂ%%% hehcvve“%’nstt(?L e)J%BQ%FJr%%gaﬁ & EP&3( gg?fag%s?%ce
nitride) and ( | yving) silicaon and acts.as stress rel axation

| ayer dLrirm)%!E%t q%%?%a%?%égeT}ﬁaf(%ﬁt&gchﬁmoﬁ% ?é%%ﬁb&lﬁézphﬁ?ﬁB??Vlce_

oxi dation 0 . rlying siligon and,can | so be formed in conjunction
with a depaoéel E%%%)%ggé’ I;(Léfllg?t,m enqp P §&ETR Efa{a)r?%fh%itl&“ﬁersugﬁt BFi %‘lic_hlée_tﬁ?t abl e
for use as te dielectric. e oxide is usually formed as a silicon

di oxi de ﬁ%%%gggf’bﬁFa Ve & GsPrE B8RP R, “GUCH “&ESTECS and silicon

di oxide, or a nitride oxide layer or a like gate dielectric. A gate oxide

| ayer can for instance be grown in an oxidation steamanbient. at a

t rature between_about 850 and 1000 degrees C. to a thickness between
Lbont | 50 and. S30CAREEEE b TOIAt SO GPRANEEST SRSy SBBERERER G he

t hi ckness of .the |.ayer of gate oxide. In devices that conbine Field Effect
Tr ansi st oPTCFERI) Ode i&%%EEMQQ1%95Pr8§ﬁ8Pn@V?BgWQ?(ﬁ?ﬁf@§§,Wbﬁée the

device is to be located; The gate oxide is a thin thermal oxide,

™

——

which allows better adhesion between the overlying layers ({(for
instance nitride) and the (underlying) silicon and acts as a
stress relaxation layer during field oxidation. Gate oxide can
be formed by thermal oxidation of the underlying silicon and can
also be formed in conjunction with a deposited oxide layer,
nitride layer or any other material suitable for.use as a gate
dielectric. Gate oxide is usually formed as a silicon dioxide
material but may be a composite oxide, such as TEOS and silicon
dioxide, or a nitride oxide layer or a like gate dielectric.l

A gate oxide layer can for instance be grown in an oxidation
steam ambient at a temperature between about 850 and 1000

degrees C. to a thickness between about 50 and 250 Angstrom.

Device performance is highly dependent on the thickness of
the layer of gate oxide. In devices that combine Field Effect

Transistor (FET) devices with surrounding logic devigces, the




2"l i AU G 20P& conbined function that is provided by one semconduc.;l1 AVG 200k

device requires the deposition of gate oxide |ayers of different

thi ckness. Typically, surrounding logic functions required the use of a

thin layer of gate oxide to enhance overall device performance while a

thicker gate oxide is required in ViEM/Of the required hlgher gﬁte vo::age

for the F CESP 4 Lt el an _exa ¥ a vol tage

bi as of aEgﬂ?§2 voﬂ?gﬁ%Fﬁt ga%u strate on B |§ﬁ " a FET g@ﬁgrgrdgglﬁ%tks

creat ed, i T.f f s re i % et ween the

gat e eIect?%dgiéﬁg%:% s Eggggﬁgt%ééﬁ#F'OXlgﬁ gf%ﬁﬁs dﬁg ELGF" 7 volts
FET's . of the logic

he FEF of _the e
Lgitfoﬁ of tﬂg C|rch$%%o§%€ t ?%ﬁﬁﬁ%ﬁé A gi?glCVEHQ%ﬁﬁ?Wﬂ=r&ﬁB&Feé %ol ts,

h oxi re required for _these devices
trrﬁglt ngr Iet o’?ég'acgff ter thr}l]t Inagg?{cﬁnessga%fn&xﬁgle gﬁp??}&%ﬁheor?v\m:?rlé ?SY%C%? (Iil/?)s
' k d t he ication o
vt cos it Sriee, W e e Prade b THBRRd SRar P 7 o
he, ty ers of PMOS devices are holes; the majority
ggp\rlle(r; gr of %I&é@d%\r?:dces ar;el%a}te VOdreIeHOPE st HaVE T 2CC6RSI GERABEBtPwer

nmobi ity t£¥“5§5MFCt&9nS Aesultln i.n a | ower

5 an example, with a Voltage bias of about 2

volts of the substrate on which a FET memory device is created,
{i} | é voltage difference of abouf 5 volts is reguired between the
gate electrode and the substrate resulting in a gate voltage of
7‘volts for the FET access transistor of the memory cells. The
FET’s of the logic portion of the circuit however reguire a gate
voltage of about 3.3 volts, making it clear that layers of pad

oxide are required for these devices that are of different

thickness.

Another application where gate oxide layers of different
thickness is required is in the application of MOS devices where
combined PMOS and NMOS devices are created that form a
converter. The majority carriers of PMOS devices are holes; the
majority carriers of NMOS devices are electrons. Holes have a
considerable lower mobility than electrons resulting in a lower
drive capability of the PMOS device. To compensate for this and

to equalize the drive capability of the two types of devices,




drive tapability of the PMOS device. To conpénsate for this and to

equal ir'ze the drive capability of the two types of devices, 3 1 1 AU 12008 705
either the gate of the PMOS device is widened (allowng nore drive current
for a given gate voltage) or the thickness of the gate oxide |layers for

the two types of devices is adjusted allow ng for higher gate current -

whi | e mai néatménoigate el diEhhbepmsdBie oot BESE; HXR. $Ol UL QNS LRg. varying

of the thickness of the gate oxide is the nore prom sing since the

W deni ng ofiri+de-gatl releget L ode Lequ e e_ar ich is caonirary to
the desire of n1niaturizationgof tﬂ%h%%ST%gégggh%gdﬁl ﬁ%ﬁmﬁggﬁﬁia eéhe
(provi ded py:dS,,5,330,,920 t e.ysed t reate .qate _.oxide |ayers of
different fhickness i3%%ygs£F§6?%€gw%bﬁypfﬁpP§n§?¥if%ﬁ é%fﬁﬁ@PFFF ial |ayer
of oxide thaf,h NG ed . over the surface of the substrate. The

| ayer of gatéjogﬁhgﬁﬁh5§5$§£6%gé ed “over Fﬁéggu??%REF%Qﬁﬂg FasepBeAthon -

i npl ant ed | jnney. the qgat.e .axi de at is created over the surface
t hat has n%}t§e bs'te‘_jgrlﬁa 's?gj retggg% o igsoonlultﬁﬁné?m %F‘Foﬁ?r“nq S84 thhgtrese

conbi natio roviding . different functions wthin the design of one

seni conduc oq£5£ %%3 ??%%slSVEQﬁ1quetﬁéopéﬁh??e%¥ﬁﬁefﬁﬂe #ifpeiaat of

t hi ckness qf th ga&e oxi.de layer. Typically, high voltage devices such as
progranlaﬁ:e gate“electrode requires surface area, which is contrary to

the desire of miniaturization of the devices. Cne of the .
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techniques_(provided by Us 5,330;920) that can be used to creaﬁe
gate oxide layers of different thickness is by selective ion
implanting of a sacrificial layer of oxide that has been created
over the surface of the substrate. The layer of gate oxide that
is created over the surface that has been ion implanted is
 thinner than the gate oxide that is created over the surface

that has not been subjected to ion implantation.

It is qlear that the combination of providing different
i functions within the design of one semiconductor device brings
with it the requirement for different thickness of the gate
oxide layer. Typically, high veoltage devices such as program and
erase transistors require a relative thick layer of gate oxide
that protects the device against high voltage breakdown. Where
however device speed is important, a thin.layer of oxide is

required, operating speed is enhanced with & thin laver of oxide




f ransistors require a relative thick layer of gate oxide that 7
S{ gtsgéfs t he device ggai nst high voltage breakdown. \Were however (feMAdQ 2004
speed is inportant, a thin layer of oxide is required, operating speed is
enhanced with a thin layer of oxide 4 | 11 AUG 2004 combined with a narrow
gate structure (short channel length). These latter requirenents gain

further inponbanee wher e davireeSqamb tde MiareR %héf‘@'ér{‘grﬁ{eqn&%%ﬁigﬁ?.
features are inplenented.. Layers of tunnel oxide are created under the

floating ganese DitidmshquEFeRYHnEERROV deviges. iEPg%,PtéﬁéeeQ}He% %189# Lgments

A . C
of . the EEPROM devices require that these |ayers tunnel” oxide ave at
| east a m @i fRIMLdHGKRAS Subamt 884 I §IEM %Q@EFgBX gf%”iﬂﬁﬁ?ﬁgﬂf%d..
requi renents of other oxide |ayer thickness o devices “that are al so o
contained within the EEPROM device. For non-volatile menory devices, this
| eads to the need for ‘layers of oxide that have three different

~thicknesses. The @ata @Nkh¥ne NGk BIASE o rc%.@ﬁké{ioﬁr‘?dély cal &%&ﬁﬁﬁi éghégi gh

date retention which nmeans) relatively thic ayers of pa

surr ound: e L, WBGK DBeekSBULLS I 9B, 0per Bl spead el heans)

relatively thin | ayers of oxi a t'hicknes

oxi de thaltﬂé;éaﬁﬁ%&”hgggcgg féﬁﬂﬂx&§Q%g&stggse layers of tunnel oxide

have at least a minimum thickness, a requirement that may

{i} - éonflict with requirements of other oxide layer thickness of
devices that ére also contained within the EEPROM device. For
non—volatile memory devices, this leads to the need for layers
of oxide that have three different thiéknesses. The data entry
and erase transistors typically require (high date retention
which means) relatively thick layers of pad oxide, the
sufrounding logic functions require {high operating speed which 
means) relatively thin lafers of oxide and a thickness for the

layer of tunnel oxide that is determined by requirements of

device reliability.

Prior Art methods of forming oxide layers of different
thickness use multiple steps of masking and oxide etch. The
first layer created in this manner, typically the thickest

~layer, is initially grown on the surface of the substrate. This

layer is masked with a layer of photoresist and etched-thereby




device:reliability. Prior Art methods of form ng oxide |ayers of different
thi ckhess use nultiple steps of nasking and oxide etch. The first MB?@WG 2004
created in this manner, typically the thickest layer, is initially grown

on the surface of the substrate. This layer is nmasked with a |ayer of

phot oresi st and etched thereby 5 . ' AUG 2004 renoving the unmasked | ayer

of oxide f the substrate, Th mask_of photoresjst is remved; a second
| ayer of o%gﬁévf%gt¢h§1u%ﬂﬁiﬁ?do$8¥e¥ﬁﬁfs c&T8F the %ihﬁﬁﬁ%%?e Thel udi ng

t he renainigg f%rsﬁ I%yen gf,oxide. This process_results in a | ayer of

oxi de t hal"®REsCt i S HITERHEEs 1P elRIRVeFhi%s SEFEREsE2 ¥ah Ye Fdfeaiadther t he
application where nore than tw |evels of thickness are required, using a
sequence ofTSYRpYVot éhﬁni????&ﬁ Shdtha ctibstrpse protedinhidhey senainieaes
fromthe disadvantage of many sequential processing steps while the

repeat ed ugér%?aﬁﬁﬁ%bﬁ@ép§ﬁ?ethE%FiQFOQﬁﬁ? E5891t9 torpllevEry ofeptide
results in_|ayers of oxide of poor quality. Partial etch back of a

deposi t ed Faglriat 1330 dbickanss| kyvde uJdd shBECess S GRSt sl nepeasaff 6es from
t he same di sadvantages. The invention addresses the growi ng of |ayers of
oxi de t hat th4ARPL iggcKherg arond tdwindéwoalevetorad tthiickmess bue wher e

t he
- required, using a sequence of steps of deposition and etch. This

process however suffers from the disadvantage of many sequential

Moot

processing steps while the repeaﬁed use of photoresist, which is
not easy to completely remove, results in layers of oxide of
poor quality. Partial etch back of a deposited layer of oxide
can also be used but this method too suffers from the same

disadvantages.

The invention addresses the groﬁing of layers of oxide that
have, for each layer of oxide, a uniform thickness but where the
different oxide layers have different thicknesses. The method of
the invention is aimed at growing gaté oxide layers for dual
gate devices. Current processes for growing dual~gate devices
start with an initial thicker layer of oxide, which is stripped
back in the région where a.thin'layer of oxide is required. The
oxide can be selectively strippéd back only in the regioh where
the thin layer of oxide is required, resulting in two layers of

oxide with different thicknesses. For some applications, the




di fferent oxide |ayers have different thicknesses. The method of th&
i.-nvention is ainmed at growing gate oxide |ayers for dual gate devi ceBi AUG 2y
Current processes for growi ng dual -gate devices start with an initial

t hi cker | ayer of oxide, which is stripped back in the region where a thin

| ayer of oxide is required. The oxide can be selectively stripped back ._
only int .regi.qn e the thin layer of oxide.is required, resulting in
two | ayer_ts])%;olfj% 5)% 82@‘5\{‘?% IR AL reéin{)atc%f cﬁﬁé%}ée%‘?quﬁgressgﬂﬁjcaﬁtb‘?i %ns, the
6 11 AUG 2004 oxide.i | anket stripped back, which requires that the oxide
where a t B¢k Sygglu"?‘_ Jtr)%%%rf red & @83 PRy Rn. TePfe¥bal AR Ryt atingki de
strip back ,and.regrowth is an extrenely delicate operation_that requires
very good Octgﬁf?gfa Fﬁrbgi%‘:@ra&&%ﬁeﬁ&?@%hahﬂ PxiYE SR BatkCi Bt es. To

mai nt ai n good oxide guality and good oxide-uniformty remains a challenge.
US 5, 918, r(ﬁééPanEg?tsﬁ%‘%/%l%SderﬁFygaP@do%?ra%rqlhilélkﬁéégle WFPFHR T

openi ng. Gardner shows, steps (1), (2% and (3). US 5,882,993 (Gardner et

al .) showd"d @xareoRFEER tATkFESEspr dee3ins s wrg, 9359¢ Fanyl BEY ang US -
5,926,729 (Tsai et al.) and US 5,863,819 (Gonzal ez) show dual gate oxide

pr ocesses 9°SAMVRARYE O THE HiNVERTFREANS a challenge.

US 5,918,133 (Gardner} shows a dual gate oxide thickness

within one opening. Gardner shows steps (1), (2) and (3).

if‘&?;\’-
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Us 5,882,993 (Gardner'et al.) shows a dual oxide thickness

process.

US 5,668,035 (Fang et al.) US 5,926,729 (Tsai et al.) and

us 5,863,819 (Gonzalez) show dual gate oxide processes.
SUMMARY OF THE INVENTION

A principle objective of the invention is to provide a

method for oxide growth that gives good control over the oxide

growth process.

Ancther objective of the invention is to provide a method

for oxide growth that provides a uniform layer of oxide.




A principle objective of the invention is to provide a nethod for OX|de
growth that gives good control over the oxide growth process. AnofiHeAUG 20
obj ective of the invention is to provide a nethod for oxide growth that
provides a uniformlayer of oxide. 7 a | AUG mb~ Yet another objective of
the invention is to provide a nethod of oxide growmh that elimnates

delicate conve@gtoagbtpépcggﬁgdglvgtg@stﬁg oaxidde jgrnowth d OXIde etch
back. A still further objective of the |nvenf?bﬁ %sm%ot5?%§$ve th d

that all owsthen bReokigepsndant g aQ%DQmPE%HEJ%]tde_uEhIC ké‘géx?e'tay

oxi de. In accordance with the objectlves e.Tnventi oh a new hod IS
provi ded ,@,8:9W; LaY&tsSpOfo0Y X fferent _thicknesses for dua
oo * ﬁ i dle dg ggglnvef% i 20p s Q ?%q%a% i‘conduct or

gate structures. e process 0 ion star
surface in which Shallow Trench | sol ati on regions have been fornmed and

over the surface of which a layer of gate oxide has been deposited. A
The | ayer of

I ; trid th .of t d
ayer of ni I’ §tilsl d@.ﬁegegbgge{l l(rasj% r%rgilgﬁea/ﬁégléof%l% Bavdéendst be

nitride i s nas ed and
created t surface f t he osited |ayer of oxide in
t hat reg|%§£ﬁ e ayer O O%I eELg 1n pendent ggow1ng of %thl—

thickness lavers of oxide.

fﬁ? - In accordance with the objectives of the invention a new
method is provided to grow layers of gate oxide of different
thicknesses for dual gate structures. The process of the
invention starts with a semiconductor surface in which Shallow
Trench Isolation regions have been formed and over the surface
of which a layer of gate oxide has been deposited. A layer of
nitride is deposited over the layer of gate oxide. Therlayer of
nitride is masked and etched over a first regibn where thin
oxide must be created thereby exposing the surface of the
deposited layer of oxide in that region. The layer of oxide is
removed after which a first thin layer of gate oxide will be
grown. A thick first layer of poly is deposited over the layer
of nitride theieby including the surface of the first thin layer
of gate oxide. The thick layer of poly is polished down to the
surface of the layer of nitride leaving poly deposited in the

opening above the first thin layer of gate oxide. The process




renoved after which a first thin layer of gate oxide will be grown.,A
thick first l'ayer of poly is deposited over the layer of nitride th@?e‘ﬁ!ﬁ 2004
i ncluding the surface of the first thin |ayer of gate oxide. The thick

| ayer of poly is polished down to the surface of the layer of nitride

-l eaving poly deposited in the opening above the first thin |layer of gate
oxi de. Thet%ﬁ‘%d%%'}qeem@SEQOﬂOtmatfeaﬁ beay ysed HoviGieat e1aspoly gate
having a first thickness of the |ayer of gate oxide is repeated but this
time over Brsemms rdgitba bay¢heofafar coxixdact Der el AleatiA0: A1 POL Yo 0at e
havi ng a second thickness of the |ayer of gate oxide. The layer of nitride
is renmovedPY®aA g qeoldy rgai en séf utidlig@s el Bxi Qb 206 %rg%Eg&%a%%@\ff gate
oxide, the latter being of different thicknesses. BRIEF R OF THE
DRAW NGS FIqf:e Inastiows sasecass tiielings0beacsen £AN0UH 9o suRst gat ey wher el n

- Shal l ow Trench |sol ation regi ons have been fornmed, a |ayer o 32er115 ci al

oxi de has lzamr gfowdteves ide-sipvhkace-af Qalfa nd channel, well

and puncht hrough i nplants have been pghg%%%ﬁj tt<'§13y‘;e5r%r§ g%f??ijdé has been
deposi t ed pdwer tbevesurf@ce rirst by r acrificial oxide. Fig. 2 shows
a cross section after the I"a;ﬁ;r 01? E?%{%l %%I%%’SCJ eeé}ﬁ‘tggft FHeY Using the
reverse gatigfpather shfekndggate where

BRIEF DESCRIPTION OF THE DRAWINGS

-

Fig. 1 shows a cross section of a semiconductor substrate
wherein Shallow Trench Isolation regions have been formed, a

layer of sacrificial oxide has been grown over the surface of

the substrate and channel, well and punchthrough implants have

been performed. A layer of nitride has been deposited over the

surface of the layer of sacrificial oxide.

Fig. 2 shows a cross section after the layer of nitride has
been patterned using the reverse gate pattern for the gate where

a thin layer of oxide must be Created.

Fig. 3 shows a cross section after the layer of nitride has

been etched in accordance with the pattern of Fig. 2.




a thin | ayer of oxide nmust be created. Fig. 3 shows a cross section after
the layer of nitride has been etched in accordance with the patter f

Fig. 2. 9 111 AU G 2404 Fig. 4 shows a cross-section where the photg#‘gﬁusatm*"
mask have been renpoved, the exposed pad oxi de has been renoved and the
first. thin |l ayer of oxide has been created. Fig. 5 shows a cross section
after a first . er ,of olysilicon has been bl anket deposited over the

1 ayer of nitriggg'i%c %%ﬁ%dyfﬁﬁmﬁﬁgﬁF g hEt e Had sy BPPERERT: BTt ched in
. the Iaye%a%f gitride; Fi .ngshoms a cross section after the layer of poly
has been poli SAed f?@ﬁ%ﬁﬁal iS¥gC3cgaPedetelds bds BFeporsmevediard  over
the thin % %er.of Qéide. Fig. 7 shogws a cross section after a second | ayer
of phot or&si $¢*Rks %ﬁ%ﬁ“ﬂ@%béﬁ%éﬁlgﬁdhﬁét?%ﬁ%éﬁxﬁﬁﬁﬁrng an opening over
the region where a thick |ayer of oxide needs to be grown. Fig. 8 shows a
cross section after the layer of nitride has been etched in accordance
with the pattern of Fig. 7. Fig. 9 shows a cross section after the
phot or esi st mabk9had SHRMEH & EFEvEdseEhboR xpOTEY apdd rexi taydmsobeen renpved

and the second thin | ayer of oxide has been forned.
polysilicon has been blanket deposited over the layer of nitride

including the opening that has previously been etched in the

layer of nitride.

¢
urgt®

Fig. 6 shows a cross section after the layer of poly has
been polished thereby leaving a gate electrode of poly in place

over the thin layer of oxide.

Fig. 7 shows a cross section after a second layer of
photoresist has been deposited and patterned forming an opening

over the region where a thick layer of oxide needs to be grown.

Fig. 8 shows a cross section after the layer of nitride has

been etched in accordance with the pattern of Fig. 7.
Fig. 9 shows a cross section after the photoresist mask has

been removed, the exposed pad oxide has been removed and the

second thin layer of oxide has been formed.

10




10 ~11.AUG 2004 Fig. 10 shows a cross section after a thick second
pol y “has been deposited over the surface of the layer of nitride th
i ncl udi ng the opening that has been etched into the layer of nitride. Fig.
11 shows a cross section after the thick |layer of poly has been polished.
Fig. 12 shows a cross section after the |ayer of nitride has been renoved.
DESCRI PTI ON OF THE P%E@ERRED ENBCDINENES Re% rrin &ﬁgwg%pecifigg%%y

Fig. 1, there i %hovin

OEPo3s“5EET i%61 0f "a®S et con “SiBst ra

HEW oo

1of

wh in Shal | T h |sol ati 12 _have n fornmed, .a | ayer 14

of " sacr i 12401 b HEE M ASRBbHE G rRuAT GBS SERETChq Bt tor SRE OSuptirite 10
d ch ., Il ht h h i npl_ant t h h b

por  or mod. EHe T, PEd BERR ERT GBS DG DEpaRTTod VSR THECSEFac

the | ayer of sacrificial oxide. Substrate 10 is typically of single

crystal | i me?¥8Y i%foRWWtA®«100> crystal orientation. 11 11 AUG 2004 STI's
regions 12 can be nade using a variety of

e of

Fig. 11 shows a cross section after the thick layer of poly

has been polished.

Fig. 12 shows a cross section after the layer of

nitride has been removed.
DESCRIPTION OF THE PREFERRED EMBODIMENTS

Referring now specifically to Fig. 1, there is shown a
cross section of a semiconductor substrate 10 wherein Shallow
Trench Isolation regions 12 have beeﬁ formed, a layer 14 of
sacrificial oxide has been grown over the surface of the
substrate 10 and channel, well and punchthrough implants {not
shown} have been performed. A layerl16 of nitride has been

deposited over the surface of the layer of sacrificial oxide.

Substrate 10 is typically of single crystalline silicon

with <100 crystal orientation.

Y




met hods. For instance, one nethod is the application of Buried Oxide (BOX)

i sol ati on, which can be used for shallow trenches. The nethod invol BelsAUG 20+
filling the trenches with a chem cal vapor deposition (CVD) of silicon
oxide (Si2), the silicon oxide is then etched back or mechanically or
chemcally polished to yield a planar surface. The shallow trenches etched
for the BOX process are anisotropically plasm etched into the silicon
substrate and are typically between 0.3 and 0.8 microneter_(gym deep. STI-

regions are fOFhed BEDLARF the Gt BFe "@EG YEPE & UebtT Hetiween about
4,000 and 20,000 Angstrom Another approach in formng ST|'s ig to deposit
si i con nmechadsenFeheimetanceyr GWe Getded APt ERedapptiFF o &1 the nitri de,
a shallow trench is etched into the substrate using a mask. A |ayer of
oxi de i s Bhehedepuiile etBOF ntizalet iqrenchrish £rat behesed efh FFNE%an area
of insulate dielectric which acts to isolate the devices in a chip and
t hus r educeehhbest 0SBe tattkhddtiveerl st ifid ldeg ths. trghehesx celi deposi t ed
oxi de nmust be polished off and the trench planarized to prepare for the
next | evekhefhich®et ahpbz adémrsithitn sfdviomnistitiideni sxpdevigiEek)t.othe 12 11
AUG 2004

silicon oxide is then etched back or mechanically or

chemically polished to yield a planar surface. The shallow

trenches etched for the BOX process are anisotropically

plasma etched into the silicon substrate and are typically

between 0.3 and 0.8 micrometer (um) deep. STI regions are

formed around the active device to a depth between about

4,000 and 20,000 Angstrom.

Another approach in forming STI’'s is to deposit
silicon nitride on thermally grown oxide. After deposition
of the nitride, a shallow trench is etched into the
substrate using a mask. A layer of oxide is then deposited
into the trench so that the trench forms an area of
insulate dielectric which acts to isolate the devices in a
chip and thus reduce the cross talk between active devices.
"The excess deposited oxide must be polished off and the
trench planarized to prepare for the next level of

metallization. The silicon nitride is provided to the

12




silicon to prevent polishing of the nmasked silicon oxide of the device. 12A
] 9 AUG 2004 The |l ayer 14 of sacrificial oxide is deposited on the-Q&rgG 04
silicon after the silicon surface has been cleaned. The | ayer consi # &P
a between about 100 and 200 Angstromthick |ayer of Si Q2 and can be
thermally grown on the surface of the wafer. The purpose of this layer is
to cushion the transition of the stress between the silicon substrate and
the subseguentby 9&@9&4&&& JoAYenial BEt thdenadBegenerialon g dehiogker the

| ayer 14 of pad oxide, the ['ess edge force is being transmtted fromthe
nitride g@etge%{gégilicon substrate 10. On the other hand, a thick |ayer

of pad-oxide w render the nitride layer ineffective as an oxidation mask
by allowing |ateral oxidation to take place. Therefore, the mninmm
pad-oxi de that will avoid the formation of dislocations should be used. As
a rule of thunb, the m ninmum thickness of a thermally grown oxide | ayer 14
shoul d be at least one-tenth the thickness of the nitride |ayer 16.
Typically, a blanket pad oxide can be fornmed to a thickness of about 200
Angstrom through a thermal oxidation nmethod at a tenperature of about 900
degrees C. for a tinme period of about 10 to 20 m nutes.

12A




_ - S e . . LPCVD or
| ayer 16 of silicon nitride (Si3Ni4) can be deposited using LP
-.IE’EEVD%rocedures at a pressure between about 300 niorr and 400 mrafd 4, AUG 2004
t enperature between about 600 and 800 degrees C., to a thickness 3000
Angstrom usi ng NH3 and SiH4. The 13 11 AUG 2004 silicon nitride [ayer 16
can al so be deposited using LPCVD or PECVD procedur elelﬂKSgl ng 2 reasgﬁtnit Oggls ,
m xture such agpedhghlprpsi I:C12H2) and anoni a % . A con
channel i npl an?h(enot Eughown %%r%céé %]:la agx%ﬁ({jesolsoéjlgﬁo éffo;]ﬂ?ﬁ IPFT;%I’[fhe
urface ofgjt u t t. i,.s.shown in cross secti . L
?:ondi t i'onSSIflg‘r%ﬁcEg%%\gI ﬁ?errp]ﬁ%alnl@hvastw%ﬁnc%?ﬁ é?f&naFéeaﬁtﬁgan?}hzﬂlagfgtngfes ]
. . . . . , orea . ,
parti cul ar-cappkicalkon g&{_ye '%%o%tdg;gpcae A d £ el B0 o o b
i -wel 15 npl iy SRERIt hiadk erreregy |
T et “he st 100 we)v and a dose within the range of between

2 -
ELhESr? ggelsgg)ﬁb%]tﬂ\oerrs c#%o tlhtfe%é%%?%egﬁo"ﬁl SRelthei FpFafEe T rigcborsrTw The an
eﬁer wi thi he af .e, f between 5 to 40 KeV and a dose within the range
of bg%/vvee%) %g?é t%£5re}%3s gtaa’r?éf/ ¢fiptej fuskigp Hé’eatpaﬁéiltl@miéaﬁhmzatm@slsn?k um
} - . n
with an e within .. the range of between 50 to 250 KeV and a dose W thi
t he rangggégg%%t%%ns%éffnt SUP8EH2 5% (iR difE, sibseanebel nrddpareltded

layer of nit;ide. In general, the thicker the layer 14 of pad
oxide, the less edge force is being transmitted from the ﬁitride

16 to the silicon substrate 10. On the other harnd, a thick layer

P
-

of pad-oxide will render the nitride layer ineffective as an
oxidation mask by allowing lateral oxidation to take place.
Therefore, the minimum pad-oxide that will avoeid the. formation
of dislocations should be used. As a rule of thumb, the minimum
thickness of a thermally grown oxide layer 14 should be at least
6ne¥tenth the thickness of the nitride layer 16. Typically, a
blanket pad oxide can be formed to a thickness of about 200

Angstrom through a thermal oxidation method at a temperature of

=

about 900 degrees C. for a time period of about 10 to 20

minutes.

The layer 16 of silicon nitride (Si3Ni4) can be deposited
using LPCVD or PECVD procedures at a pressure between about 300
mTorr and 400 mTorr, at a temperature between about 600 and 800

degrees C., to a thickness 3000 Angstrom using NHz and SiH¢. The

13




i mpl ant usi ng phosphorus with an energy within the range of betwee(§ BAUGt 2i0}
600 KeV and a dose within the range of between 1el3 to 5el4 atons/cn®2, it
can be an N-well inplant using phosphorus with an energy within the range
of between 50 to 300 KeV and a dose within the range of between 1lel2 to
5e13 atons/cn2, etc. 14 31 AUG 2004 Fig. 2 shows a cross section after the

| ayer 16 of . pjtride has been patterned using.the reverse gate ttern for
the gato SHEEOM TLHTE SRad@roBl L byitib KIS, PRSTHUEd. Ceaper A8Ts % 1 rst
| ayer of photoresist and is Eatterned as shown such that the opening 20

that is cre&tdl REPIGTHESyBF1AB DIFSATSPOEegRE t ™ iUfiTs SURPt ASt he regi on of

the sacrificial layer 14 of oxide where the first thin [ayer of oxide is
to be credl¥thlompsiddsssi(fibheiahdapdtaneahiangM8#) + he | ayer 18 of
phot oresi st uses conventional nethods of deposition and photolithography
that are well known in the art. Photoresist stripping frequently uses
sul furic. acid (H2SO4) and m xtures of H2SO4 with other oxidizing agents
such as hydr og2ncpevexi daal (@He2el thelsahe (wohpgnent siraFédf.r @quent |y used
in cleaning a wafer surface after the photoresi st has been stripped. Fig.
3 shows ahe®osbssdetdmwrpedfimmeachénicayehe. 46rdicaidf itde substrate

10 that is shown in cross section in Fig. 1. Conditions for

channel implants vary widely and are determined by the

j particular application for which a device is being created.

As examples, a channel implant can be a P-well implant

using boron with an energy within the range of between 100

to 220 KeV and a dose within the range of between 1el3 to

lel4 atoms/cmz, it can be a P-well implant using boron withl

an energy within the range of between 5 to 40 KeV and a 1

dose within the range of between lel2 to 5el3 atoms/cm?, it

can be a P-well implant using indium with an energy within

the range of between 50 to 250 KeV and a dose within the

b
: |

range of between 1el2 to lel4 atoms/cm?, it can be an N—well‘
implant using phosphorus with an energy within the range of |
. between 300 to 600 KeV and a dose within the range of
between lel3 to 5el4 atoms/cm®, it can be an N-well implant
using phosphorus with an energy within the range of between
50 to 300 KeV and a dose within the range of between 1lel2

to 5el3 atoms/cm?, etc.

14




hras been etched in accordance with the mask that is provided by the
patterned | ayer 18 of photoresist. The silicon nitride |ayer 16 can ff)ﬁlmﬁt 203
etched using a buffered oxide etchant (BOE). The BOE may conprise & fi'xed
solution of fluoroamonium and fl uorohydrogen (7:1) and phospheric acid
solution. The silicon nitride can also be etched 15 'l 1 AU G 200k usi ng

ani sotropic RIE using CHF3 or SF6-02 as an etchant.The silicon nitride

| ayer 14 can al’'s§-bé GrppRd® i TP DRESHABPI BEERT d-he HBme#) 16 oohenterimired.

The preferred nmethod of the invention to etch the nitride |ayer 16 renoves
the |ayer M6 PR PREBBI UM IG Hbes hrvaEee oFate matfsdar E9F ngh¢ agatie 14 of
sacrificial oxide, the etch is an anisotropic R E using CHF3 or SF4 as an
etchant, tHEeXBuRathéR 6fYEheobt@tides mgbbube 160eatesbndayeri §8 s shofisrst
cross section where the photore.sist mask 18 has been renoved, the exposed.
pad oxi de Y¥¢rbednrhehrovesi Py 44k igngatherfied sis tdiownl apeh PRaoftlgat e oxi de
has been created. The |ayer 18 of photoresist is renoved using the

convent i orvalengingc 88sthit askignpdteld dnedhbylayeans Aft photbayets22bfgmgat e
oxide is created at the bottom of opening 20 by rapid thermal oxidation at
a tenper atiitéd Sbeweeaiabond 1860 sawwdifQ0Datlerees 1@ of oxide where the

first thin layer of oxide is to be created.

{:} | The .deposition and patterniﬁg of the layer 18 of
photoresist uses conventional methods of deposition and
photolithography that are well known in the art. Photoresist
stripping frequently uses sulfuric acid (H2804) and mixtureé of
H2804 with other oxidizing agents such as hydrogen peroxide
(H202), the same components are frequently used in cleaning a

wafer surface aftexr the photoresist has been stripped.

Fig. 3 shows a cross section after the layer 16 of nitride
S has been etched in accordance with the mask that is provided by

the patterned layer 18 of photoresist,

The silicon nitride layer 16 can be wet etched using a
buffered oxide etchant (BOE). The BOE may comprise a mixed
solution of fluorcammonjium and fluorohydrogen (7:1) and

phospheric acid solution. The silicon nitride can also be etched

15




for é time between about 10 and 20 seconds thereby formng a thin |ayer of
nltrogen gate oxide with a thickness between about 10 and 30 Angstron1 | t
is clear that a thick |ayer of oxide can also be forned in this el HeAU G200

the bottom of opening 20. By applying rapid thermal oxidation at a
t enperature between about 800 and 1000 degrees C. for a tine between about
20 and- 40 seconds, a relatively thick |ayer 22 of gate oxide is formed at
16 14 AUGUBGOS BRESPDHEIRIA Gl EopeanagClRBs wint BFa-dhipckarsstPeimieerfrabout 40
and. 70 Angstrom For continuity of discussion, it is assuned that the
| ayer 22 a&dlikewnnihriie layersld thnnalaydre Giip@@tﬂeinkbdgho:tMrﬂmsadjeEn
created follow ng the processing conditions that have been indicated above
for the cri@af®ontef ba trhnovédyer of oxide. Fig. 5 shows a cross section
after a first layer. 24 of polysilicon has been bl anket deposited over the
| ayer 16 of nitride including the opening 20 that has previously been
etched in the layer of nitride. Layer 24 of polysilicon can be grown at a
t enper at ur e beTheepr&0Or r@nid mé4Bodegf eelse G nwsitignl PEVEX EB dhe trhiwdiness of
bet ween about 3000 and 4000 Angstrom Fig. 6 shows a cross section after
the |ayer 12feof 1potgndiass theemapéifl‘stbledftl’fhﬂfﬁbi)é keavi bg ehgaderelRctyrode 26
of poly in
the underlying layer 14 of sacrificial oxide, the eich is an
anisotropic RIE using CHF3 or SFs4 as an etchant, the duration of

{ﬁﬁ the etch is about 150 seconds.

Fig. 4 shows a cross section where the photoresist mask 18
has been removed, the exposed pad oxide has been removed byVHF
and the first thin layer 22 of gate oxide has been created. The
layer 18 of photoresist is removed using the conventional
brdcess of asking'followed by clean. A thin layer 22 of gate
oxide is created at the béttom of opening 20 by rapid thermal
oxidation at a temperature between about 800 and 1000 degrees C.
for a time between about 10 and 20 seconds thereby forming a
thin layer of nitrogen gate oxide with a thickness between about
10 and 30 Angstrom. It is clear that a thick layer of oxide can

'also be formed in this manner at the bottom of opening 20. By
applying rapid thermal oxidation at a temperature between about
800 and 1000 degrees C. for a time between about 20 and 40

seconds, a relatively thick layer 22 of gate oxide is formed at

16



pl ace 'over the thin [ayer 22 of oxi de. The layer 24 of poly is renoved
using CMP and is renpved to the surface of the layer 16 of nitrided {FhGG 2004
shows a cross section after a second | ayer 28 of photoresist has been
deposited and patterned form'ng an opening 30 in the |ayer 28 of
photoresist that aligns wwth the region of 17 11 AUG 2004~ the sacrificial
oxi de where a thick layer of oxide needs to be created. The deposition and
pat t er ni RY 0ot PEy SSEUML HigY¥eh (2§, t Qr esi_s ses cqnventi onal. .

met hods of deposition and . éhoto?%?%dﬁﬁgﬁﬁ%nfﬁgtgg WP Rowd FR%t he art,
processi Rg aRQRMLLE O hods that. can he used to etch the |layer 28 of
phot or esi st ﬁgve a rg%ﬁiQ%@gngﬁg¥6% é%jﬁﬁﬁﬁﬁoﬁkg? L3RRS §haB shows a

Cross seg%%ogagégeé_tggagﬁa er .16_of rﬁtfide has been etched in accordance

with the photoresist taskPat tBrht930" of° B §hin. 1THer kc1wadte payde 16 of

nitride C t.ed an __ openi 2 that penetrates the layer 16 of nitride
PRae b R B

‘down to ST FACE §FF N DG OFPCREFANY oXrE: EiPmISs tBPpENi ng 32

exposes Q@ S c f the sacrificial oxide so that this surface can be
subjecte% {o g% @éﬁﬁ@natﬁﬁoé 8¥F ng 5t Bs Crept§onocE v d drPyes Séction
after thg,photoresi st mask 28 has been renoved and a thick |ayer of gate
oxi de has been o : '

Fig. § sﬁoﬁs a cross section. after a first.layer 24 of
. 3 . ' ‘ i
€:§ polysilicon has‘beenkblanket deposited 6ver the iayei le of
nitride including the opening 20 that has previously-been étéﬁed
in the layer of nitride. Layer 24 of'polyéilicon can be gf@wn'at
a temperature bet&een 600 and 640 degrees C. using LPCVD tb a |

thickness of between about 3000 and 4000 Angstron.

Fig. 6 shows a cross section after the layer 24 of poly has

been polished thereby leaving a gate electrode 26 of poly in

A

place over the thin layer 22 of oxide. The layer 24 of poiy is

removed using CMP and is removed to the surface of the layer 16

of nitride.

Fig. 7 shows a cross section after a second layer 28 of
photeoresist has been deposited and patterned forming an opening

30 in the layer 28 of photoresist that aligns with the region of

17




formed’ It nust be renmenbered that it was suggested under the above
description of Fig. 2 that layer 22 of Fig. 4 was created as a thi(ﬂ_-}lh}t&r‘gﬁ{ﬂj
of gate oxide. The process of the invention is ained at creating two

| ayers of oxide that are of different thicknesses. Since |ayer 22 of Fig.
4 was created as being a thin |ayer of oxide, layer 34 of Fig. 9 is to be
created as a thick layer of oxide. Therefore, by applying rapid thermal 18
A 1 AUG 2004 oxidation at a tenperature between about 800 and 1000 degrees
C.  for. atPPneebetiicdr lapsitc 20herr] UG hsesondser aof aldidevakydthi §koe | ayer
34 of gate oxide is forned at the bottom of opening 32 wth a thickness
bet ween afbBRted- di¢ PerARgsieomnd tpatsecheay dhathd hedonvenhien 24 |oms for
the inversjion of the thicknesses of the |ayer of gate oxide. A thin |ayer
of gate BRXPHRrewisthaseseatedenitidive hethorsobf eidheyi tapankng 20 of Fig. 4
or at the bottom of opening 32 of Fig. 9. It is only of inportance to the

. obj ecti vePpteHehaswenrhvohhe hadrd hellakebsnofn gad & @i deothat; @5 e created
~at both openings are of different thicknesses. Fig. 10 shows a cross
section aftRilitElqns ekdsmebmekds aytert 3Gn bk peky fhasheerndeposit ey quer the
surface of the layer 16 of nitride thereby including the opening 32 that
has been RiQ¥psist have already been indicated under Fig. 2 above. '

{hé . o Fig. 8 shows a cross section after the layer 16 of nitride
- has been etched.in a;cofdance With‘the photoresist.mask pattern
30 of Fig. 7. The etch of layer 16.of nitride has created an
opéning 32 that penetrates the layer 16 of nitride down to thé
surface of the layer 14 of sacrificial oxide. This opening 32-

exposes the surface of the sacrificial oxide so that this

surface can be subjected to subsequent processing steps.

Fig. 9 shows a cross section after the photoresist mask 28
has been removed and a thick layer of gate oxide has been
formed. It must be remembered that it was suggested under the
above description of Fig. 2 that layer 22 of FPig. 4 was created
as a thin layer of gate oxide. The process of the inventionris
aimed at creating two layers of oxide that are of different
thicknesses. Since layer 22 of Fig. 4 was created as belng a
thin layer of oxide, layer 34 of Fig. 9 is to be created as a

thick layer of oxide. Therefore, by applying rapid thermal

18




into the layer 16 of nitride. Fig. 11 shows a cross section after the thick
second | ayer 36 of poly has been polished, |eaving opening 32 filleg m@%?
the poly that now forns the poly for a gate electrode. It is of val d 2004
briefly restate what the process of the invention has created two |ayers

of gate oxide of different 19 1 AUG 2004 thicknesses, that is |ayers 22 and
34, and that the process of - the invention has created these tw | ayers of
gate oxide by applying a sequence of well controlled processing steps.

Fig. 12 s final _processing.step of the invention where the nitride

Cayer 16 PEUTat it B8 cRRRERETHS F iRt abote vl e TootThrSr s atares gat e

el ectrode 6_ and | ace derlying these two gate el ectrodes are
fof% 3 e

36 |
the | ayers 22° angleisg)e:%?’egai e 10xPReCR M cnéssasivehe Eiidct ure

that has 0 eated up to.this point is nowready for further
processi ng%?% t:ﬁoﬁ%th PhHE PRVENtTOM I haEnt iR RIG 158 o4naPPPiRGtTAted with

referencew{@hgfqﬁﬁt%%eiElgstratizgﬁfnbodinents thereof, it 1is not intended
n e

that the | nvention PPt e 4P PRt tQAES teRBodi nent s. Those

skilled in the art wll recognize that variations and nodifications can be
made wi thout departing fromthe spirit of the invention. It is therefore

It is clear that the invention allows for the inversion of
the thicknesses of the layer of gate oxide. A thin layer of gate

oxide can be created at the bottom of either opening 20 of Fig.

e

4 or ar the bottom of opening 32 of Fig. 9. It is only of
importance to the objective of the invention that the layers of

gate oxide that are created at both openings are of different

thicknesses.

" Fig. 10 shows a cross section after a thick second layer 36
of poly has been deposited over the surface of the layer 16 of

nitride thereby including the opening 32 that has been etched

3 into the layer 16 of nitride.

Fig. 11 shows a cross section after the thick second layer
36 of poly has been polished, leaving opening 32 filled with the

‘poly that now forms the poly for a gate electrode.

It is of value to briefly restate what the process of the

invention has created two layers of gate oxide of different

19




intended to include within the invention all such variations and

nmodi i cations which fall within the scope of the appended clains afd AUG 200
equi val ents thereof. 20 11 AUG 2004 clainms 1. A nethod of creating thin

| ayers of gate base material of different thickness for dual gate devices,
conprising the steps of: (i) providing a sem conductor substrate; (ii)

provi di ng Shall ow Trench Isolation regions in the surface of said

substrate; (iii) depositing a |ayer of gate base material on the surface

of said stlstkdfies,l VhaRek £ of 1 annel _i nmpl ant L i npl ant d
puncht hr ough i npl ant’ into ihe ﬁ%%aég 8ngaf‘d é'su stthra\a@teé:;kle {)rg?ge espo(%?ti ng a

llayer of ghel BGldrG AV aLst P?eéﬁgJ 35R.:Qf +38! Pa\lsré'yerofofgaggt §§$ sggaterial;

(vi) creating first gate electrodes over fhe’Xur ace strate,

said firsg & el LeLades. overlyin | ayer of gate base material of a
first thic I%ng;sls ggr? the sé?f%ﬁe&%ﬁ’fl’ %é’?iérgg%%? r%ﬁoe,&ssséing Eggﬁfi ng first gate
el ectrodes conprising the steps of:

Fig. 12 shows the final processing step of the invention
where the nitride layer 16 is removed from the surface of the
substrate 10. This leaves gate electrodes 26 and 36 in place,
underlying these two gate electrodes are the layers 22 and 34 of
different gate oxide thicknesses. The structure that has been

createdrup/to this point is now ready for further processing.

Although the invention has been described and illustrated
with reference to specific illustrative embodiments thereof, it
is not intended that the invention be limited to those
illustrative embodiments. Those skilled in the art will
recognize that variations and modifications can be made without

departing from the spirit of the invention. It is therefore

-

intended to include within the invention all such variations and
modifications which fall within the scope of the appended claims

and equivalents thereof.
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(a) first patterning and etching said |ayer of dielectric, creating first
openings in said |layer of dielectric, said first openings to align with
the surface of said |ayer of gate base material where a first thickrhehdG 2004
| ayer of gate base material is to be created; 21 11 AUG 2004 (b) first
etching said |layer of gate base material in accordance with said first
openings created in said layer of dielectric; (c) depositing a first |ayer
of gate electrode material over the surface of said |ayer of dielectric;
and (d) renoving said first |ayer oé %ﬁ&? el ectrode material fromthe
surface of said layer of dielectric % ereby leaving said first gate

el ectrode material inside said first openings in said |ayer of dielectric;
(vii) creating second gate el ectrodes, said second gate el ectrodes
overlying -a# 33?&#10& Of aFfESBhRBINERER | HAYHS of S8&6nH2FRI BRAGES2bN t he
surface of said substrate; and (viii) renoving said |ayer of dielectric. 2.
The met h&f 6F fdlexentl tihekapasshpd depodatisngerilcaper compyaséngbase
material is depositing a |layer of pad oxide on the surface of said

subst r at &leosme®st ©fa t hi ckness of bet ween about 150 and

(i) providing a semiconductor substrate;

{(ii) providing Shallow Trench Isolation regions in the
surface of said substrate;

(iii) depositing a layer of gate base material on the
surface of said substrate;

(iv) performing channel implant, well implant, and
punchthrough implant into the surface of said substrate;

(v) depositing a layer of dielectric over the surface
of said layer of gate base material;

(vi) creating first gate electrodes over the surface
of said substrate, said first gate electrodes overlying a
layer of gate base material of a first thickness on the
surface of said substrate, said creating first gate
electrodes comprising the steps of:

(a) first patterning and etching said layer of
dielectric, creating first openings in said layer of
dielectric, said first opénings to align with the surface
of said layer of gate base material whexre a first thickness

layer of gate base material is to be created;
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250 Angstrom through a thermal oxidation nethod at a tenperature of about
900 degrees C. for a tinme period of about 10 to 20 mnutes. 3. The nethod
of claim1l wherein said depositing a |layer of dielectric is deposﬁﬁingggwa
silicon nitride (Si3Ni 4) using LPCVD or PECVD procedures at a pressure

bet ween about 300 niforr and 400 niforr, at a tenperature between about 600
and 800 degrees C., to a thickness between about 2500 and 3500 Angstrom
using NH3 and SiH4. 22 J 7 AUG 2004 4. The nmethod of claim 1l wherein said

deposi ting aphayer.of j cirdgc i iting,silicon nityide (Si 3N 4)
usi ng LPCVqulr) PE%\QIDe%(?%%Jé%u%e{s&a]ta%’aqu%gg t‘_ilrt & Bé? \%erg%g% :'O%{ 300 niforr and

400 nilor e rat ur, et ween_about 600 and. 800 degrees C., to a
t hi cknessé e m%aglnéeaboﬁtth f@&% gﬁa\é\gSBBeﬁhﬁ%’f’ rO s hg Sarlgagf’lgﬁf gas
m xture sueh, as di.chl orosil ane (Si C12H2) and ammonia (NH3) 5. The net hod

h
of clai mA Wharshy“sfi’d first patterning and etching said |ayer of

dielectric Ergages first openings in said |ayer_of dielectric whereby said
first openings SFPGR*EWRY I fF4TE réyicon ot #assi alralerdefnymeiadase
material where gate base material |ayers of a first thickness are to be
creat ed, THoditly VHifdeapér safdshnreart Hskeqtatiarii and

(d) removing said first layer of gate electrode material
from the surface of said layer of dielectric thereby
leaving said first gate electrode material inside said
first openings in said layer of dielectric;

{vii) creating second gate electrodes, said second
gate electrodes overlying a layer of gate base material of
a second thickness on the surface of said substrate; and

{viii) removing said layer of dielectric.

2. The method of claim 1 wherein said depositing a laver of gate
base material is depositing a layer of pad oxide on the surface

of said substrate formed to a thickness of between about 150 and

250 Angstrom through a thermal oxidation method at a temperature
of about 900 degrees C. for a time period of about 10 to 20

minutes.

3. The method of claim 1 wherein said depositing a layer of
dielectric is depositing silicon nitride (SiaNi4) using LPCVD or
PECVD procedures at a pressure‘between about 300 mTorr and 400

mTorr, at a temperature between about 600 and 800 degrees C., to

a thickness between about 2500 and 3500 Angstrom using NHi: and

SiHa. } 22



in said regions of first thickness. 6. The nethod of claim1 whereby said
first etching said |ayer of gate base material is etching said | ay 1(NUG o004
gate base material in said regions of first thickness to a thickness;
creating layers of gate base material of a first thickness. 23 L111 AUG
20N 7. The method of claim®6, said gate base material conprising pad
oxide, said first etching said |ayer of gate base material in said regions
of first thickness to a required thickness is a rapid thermal oxidation at
a tenmper-atliicengehadent aplim d08haRein DD dalppesdtEngfarlayen iafe bet ween
about 10 and 20 seconds thereby formng a |ayer of gate base material with
a t hi ckrtiss slsgriveehs agepesititngandliconmstirisia (§i:Nhe weihodlWFVeIlwi m 6,
said gate base material conprising pad oxide, said etching said |ayer of
gat e bafECVPabesprativies sa#ti @ pegesnse ofetyeet ablolgkARSsmierm andl dRfess is a
rapid thermal oxidation at a tenperature between about 800 and 1000

degr ees ®Ioxfrer 25 i henperainwe hboueenakewt 490 sadohds dfgafisng-a tayer of

gate base material with a thickness between about 40 and 70 Angstrom
a thickness between about 2500 and 3500 Angstrom using a

reactant gas mixture such as dichlorosilane {SiCl:H2} and ammonia

(NH3) .

5. The method of claim 1 whereby said first patterning and
etching said layer of dielectric creates first openings in
gaid layer of dielectric whereby said first openings align
with first regions in said layer of gate base material
where gate base material lavers of a first thickness are to
be created, exposing said layer of said gate base material

in said regions of first thickness.

6. The method of claim 1 whereby said first etching said
layer of gate base material ig etching said layer of gate
base material in said regions of first thickness to a
thickness, creating layers of gate base wmaterial of a first

thickness.
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9. The nethod of claim1l1, whereby said depositing a first |ayer of gate
el ectrode material over the surface of said layer of dielectric ig%s Aus 200
depositing a |layer of polysilicon whereby said first |ayer of gate

el ectrode material is deposited to a thickness of between about 3000 and
4000 Angstrom over the surface of said |layers of gate base material of
first thickness. 24 11 AUG 2004 10. The nethod of claim 1l whereby said
renoving said first layer of gate electrode material fromthe surface of
said | ayér Bie dietiltent rafc dlsieayi sgidagdtéi bsse gade=eladctrode nmateria
inside said first openings in said |layer of dielectric, creating said
first gateoepetsimgesmd bkidee sarthedret etahithd i aidysaidt gaeating
second gate electrodes conprises the steps of: second patterning and

et ching siohsk |myesriofl 4 e8¢t kegionkeaki RYrsecOR-IaRei ngs 4 n said | ayer
of dielectric, said second openings to align with the surface of said

layer of gakeihasenmiGldAal ;Wher €,818€6R80NAT h&z@ﬁ%% agery of gate base
material is to be created; second etching said l'ayer of gate base materi al
deposi ti nge@oSREANE NSl 9318 %b%cgﬁﬁdfoﬂ@t§géfges ¢. for a

time between about 10 and 20 seconds thereby forming a

layer of gate base material with a thickness between about

10 and 30 Angstrom.

8. The method of claim 6, said gate base material
comprising pad oxide, said etching said layer of gate base
material in said regions of first thickness to a thickness
is a rapid thermal oxidation at a temperature between about
800 and 1000 degrees C. for a time between about 20 and 40
seconds, forming a laver of gate base material with a

thickness between about 40 and 70 Angstrom.

9. The method of claim 1, whereby said depositing a first
layer of gate electrode material over the surface of said
layer of dielectric is depositing a layer of polysilicon
whereby said first layer of gate electrode material is
deposited to a tﬁickness of between about 3000 and 4000
Angstrom over the gurface of said layers of gate base

material of first thickness.
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over the surface of said |ayer of dielectric; and renoving said second

| ayer of gate electrode nmaterial fromthe surface of said | ayer of 3
dielectric, leaving said second gate electrode material inside sai& aé@g%am*
openings in said |layer of dielectric. 12. The nethod of claim 11 whereby
said second patterning and etching said | ayer of dielectric creates second

25 11 AUG 2004 openings in said |layer of dielectric, said second openings
align with second regions in said | ayer of gate base naterial where gate
base material |ayers of a second thickness are to be created, exposing

said | ayer of said gate base material in said regions of second thickness.

13. The neg hothofmedraianckl cahemehywaal-dosesomdl Rindiing Saiid fiawer of gate
base material is etching said |ayer of gate base material in said regions

of secondiPekNeSmD A eckhiopknRaerC4PaLLNR dRY Yt lo0Rke age material

of a second thickness. 14. The nethod of claim13, said layer of gate base
mtertal LAY Iy g A9, $8L01AGC0NM o SN AU dy Ry8GOf gate base
material i1 said regions of second thickness to %hi ckness IS a rapid

t her mal Q%ééggﬂé¥1f§sfﬁe said first openings in said layexr of

dielectric, creating said first gate electrodes.

11. The method of c¢laim i wherein said creating second gate
electrodes comprises the steps of:

second patterning and etching said layer of
dielectric, creating second openings in said layer of
dielectric, said second openings to align with the surface
of said layer of gate base material where a second
thickness layer of gate base material is to be created;

second etching said layer of gate base material;

depositing a second layer of gate electrode material
over the surface of said layer of dielectric; and

removing séid second layer of gate electrode material
from the surface of said layer of dielectric, leaving said
second gate electrode material inside said second openings

in said layer of dielectric.

12. The method of claim 11 whereby said second patterning

and etching said layer of dielectric creates second
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tenperature between about 800 and 1000 degrees C. for a tine between about
10 and 20 seconds, formng a layer of gate oxide with a thickness£??t én
about 10 and 30 Angstrom 15. The nethod of claim 13, said |ayer g@i 2004
base material conprising pad oxide, said second etching said |ayer of

gate base material in said regions of second 26 11 AUG 2004 thickness to a
thickness is a rapid thernmal oxidation at a tenperature between about 800
and 1000 degrees C. for a tinme between about 20 and 40 seconds thereby

form ng aopdrayeys an gafiel 0xyde WEt Bialébiekpesshetamrendabguhidgsand 70
Angstrom 16. The nmethod of claim 11 whereby said depositing a second

| ayer of gaish eliet edenmBi-eflahs0YR siNe BifdAcsE Yarsaidskayer of
dielectric includes depositing said | ayer of  gate €l ectrode material to a

t hi cknessnfeDRINGSR aDEUL 3000200 4000, ANgSIIOM: AVl big Surface of said

| ayers of gate base matérial of second thickness. 17. The method of claim

11 wher eby, 53 SRV RY ggggr8?9§8pde£é?§qn fséggei%?egcg%oggi terial from

the surface of said |ayer electrit 1s 1eaving said Second gate

gate base material in said regions of second thickness.

13. The method of claim 11 whereby said second etching said
layer of gate base material is etching said layer of gate
base material in said regions of second thickness to a
thickness, creating layers of gate base material of a

second thickness.

14. The method of claim 13, said layer of gate base
material comprising pad oxide, gaid sgecond etching said
layer of gate base material in said regions of second
thickness to a thickness is a rapid thermal oxidation at a
temperature between about 800 and 1000 degrees C. for a
time between about 10 aﬁd 20 seconds, forming a layer of
gate oxide with a thickness between about 10 and 30

Angstrom.

15. The method of claim 13, said layer of gate base
material comprising pad oxide, said second etching said

layer of gate base material in said regions of second
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el ectrode material inside said second openings in said |ayer of

dielectric, creating said second gate el ectrodes. 27 11 AUG 2004 %8. Aﬁ .
nmet hod of creating thin |ayers of gate base nmaterial of di f f er ent SthABR 28
for dual gate devices, conprising the steps of: providing a sem conductor
substrate said substrate having been provided with Shallow Trench

| solation regions in its surface whereby a |ayer of gate base material has
been deposited on the surface of said substrate including the surface of
said STI thiegirens wWeekekyitunbber M6rg fagh@n@dridplanta-andnaanwehl i npl ant
and a puncht hrough inplant have been perforned into the surface of said

subst r at e;engepetidrdGetweayekbehic dbeb eghd i Loy eled s f 2ee gf said |ayer

of gate base material ; patterning and etching said layer of dielectric
uhereby said RAREBEANoCLARI 19 SLEMES dlditn,ReRAgY Ln sald | ayer
of dielectric that align with first regions in sard | ayer "of gate base

meterial whene gakedase; M arLal ol AXeLmOfs A diial, Algkngsgaare to be
created théereby exposing sai ayer 0 SaTd gate base material in said
regi ons (goiﬂéﬁﬁfﬁaﬁ.Ck”eSS; etching said |layer of gate base material in

sai d regi ons

15. The méthod of claim 11 whereby said depositing a second
layer of gate electrode material over the surface of said layer
of dielectric includes depositing said layver of gate electrode
material to a thickness of between about 3000 and 4000 Angstrom
' éver the surface of said layers of gate base material of second

thickness.

17. The method of claim 11 whereby said removing said
second layer of gate electrode material from the surface of
said layer of dielectric ig leaving said second gate
electrode material inside said second openings in said

layer of dielectric, creating said second gate electrodes.
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first thickness to the required thickness thereby creating |ayers of gate
base*material of a first thickness; depositing a first |ayer of QQ'PAUG 2604
el ectrode material over the surface of said |ayer of dielectric thereby
including the surface of said |ayers of gate base material of first

t hi ckness; §8 11 AUG 2004 renoving said first |layer of gate el ectrode
material fr8m?Heethag rdcerest ey dhiaydryets do &l asdter besehwaebyidlead ng sai d
first gate electrode material inside said first openings in said |ayer of
di el ectri c9iphetesttnitig chknaset £9v ripadaiod tkagevieds diceheetsing wher ebhersai d
patterning and etching creates second openings in said |ayer of dielectric
that align®hith the regions in said |layer of gate base naterial where gate
bate material |ayers of a second thickness are to be created thereby
creating sBESMHIEyidossnbEon@ugiousabst rehe dsd il eubstrgatehbamy ateer i al in
said regions of second thickness; etching said | ayer of gate base materi al
in said seRELIEYivaFE Shellxpdisneht dsphetiemuisw@nshiiokhes ssutereby
creating layers of gate base material of a second thickness; depositing a
second | aygtexsibygat dagpecef - endesei mhtovirl thes besenf deposftahich Itager of

di el ectric thereby including the
surface of said substrate including the surface of said STI

regions whereby furthermore a channel implant and a well implant

and a punchthrough implant have .been performed intoc the surface
} of said substrate;

:depositiné a layer of dielectric over the surface of said layer

of gate base material ;

patterniﬁg and etching said layer of dielectric whereby said

patterning and etching creates first openings in said layer of

dielectric that align witﬁ first regions in said layer of gate

base material where gate base material layers of a first

thickness are to be created thereby exposing said léy;r of said

gate base material in said regions of first thickness;

I

etching said layer of gate base material in said regions of
'first thickness to the required thickness thereby creating
. layers of gate base material of a first thickness;
depositing a first layer of gate electrode material over the
surface of said iayer of dielectric fhereby incluq}ﬁg the

surface of said layers of gate base material of first thickness;
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surface of said |layers of gate base material of a second thickness;
renovi-ng said second | ayer of gate electrode naterial fromthe surf
said layer of dielectric thereby |eaving said second gate el ectrode
mat eri al inside said second openings in said |layer of dielectric; and
remoVing said |layer of dielectric fromthe surface of said | ayer of gate
base mat er rahovid®y lshiAUGi 20041 dYer Wi gitbhele & rdeaiman 481 whef &) t3@i d | ayer
of gate base naterial is a blanket |ayer of pad oxide forned to a

thi ckness seffded wenaakdouhyd 0 and 420 tANgStiradynnedghng $dwed alrst

oxi dation nethod at a tenperature of about 900 degrees C. for a tine
period of ahositeld-dr@d20nAtBui £5.irkl.deTBaigethad dpealiayd 18 Wier aiaesai d
depositing a layer of dielectric over the surface of said |layer of gate
base materbnldidiseddapesiting a layer of silicon nitride (Si 3N 4) using
LPCVD or PECVD procedures at a pressure between about 300 niforr and 400

nrorr, at patMery 4he betMeen Ul 000 andyii@0Q degeenbefeby tdid
t hi ckness between about 2500 and 3500 Angstromusing NH3 and SiH4. 21. The

net hod of gdwdidpnk&igvaanebBckahd deResikt kB9 | efingh in said laver of

3 !AU% 2004

dielectric that align with the regions in said layer of gate
base material where gate bate material layers of a second
th%ckness are to be created thereby creating second regions of
} exposure of said layer of gate base material in said regions of
second thickness;
etching said layer of gate base material in said second regions
of exposure to the required thickness thereby creating layers of
gate base material of a second thickness;l
depositing a second layer of gate electrode material over the
surface of said layer of dielectric thereby including the
surface of said layers of gate base material of a second
thickness;
removing said second layver of gate electrode material from the
surface of said layer of dielectric thereby leaviné said second
gate electrode material inside said second openings in said
layer of dielectric; and
removing said layer of dielectric from the surface of said layer

of gate base material.
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dielectric over the surface of said |ayer of gate base material is
depositing a layer of silicon nitride (Si3Ni4) using LPCVD or PECVYD
procedures: .at a pressure between about 300 niforr and 400 niforr, afl 1aAUG 2004
t enper atureé between about 600 and 800 degrees C., to a thickness between
about 2500 and 3500 Angstromusing a reactant gas m xture such as

di chl or osi Laner{Sikaliidd) ogndl &MIE dhetbR) sa3th 1k vAYG, 2094t 22%asEhe net hod

of claim 18 wherein said etching said |ayer of dielectric is etching

nitride bymaséiighian sk $0hhREE CLRRACLIEVBad | O EdrishNgo GR3 kel - 02 as
an etchant for a tine between about 125 and 175 seconds. 23. The net hod of

claim 18 whergitwesai dogatel basehdrater nakst Sontaifsghad oxé e wher eby
furthernore said etching said |layer of gate base material in said regions

of first tokidareism ethbe af efUidn@@drhBlLekNes saicuta svaphdgtdes mal xi dation
at a tenperature between about 800 and 1000 degrees C. for a tinme between

about 10 ahtk Hkrsecordsabbet eliy thoroi ngn@cddi n | ayer of gate oxide with a
t hi ckness between about 10 and 30 Angstrom 24. The nethod of claim 18
wherein said. gate base material contains pad oxi de whereby furthernore
said etching said | ayer of gate base material in said regions of first

thickness 2@, tife method of claim 18 wherein said depositing a layer of
dielectric over the surface of said layer of gate base material
is depositing a layer of silicon nitride (SisNi4) using LPCVD or

':} PECVD procedures at a pressure between about 300 mTorr and 400
mTorr, at a temperature between about 600 and 800 degrees C., to
a thickness between about 2500 and 3500 Angstrom using NH3; and

SiHg.

' 21. The method of claim 18 wherein said depositing a layer of
dielectric over the surface of said layer of gate base material
is depositing a layer of silicon nitride (SisNis) using LPCVD or
PECVD procedures at a pressure between about 300 mTorr-and 400

# nmTorr, at a temperature between about 600 and 800 degrees C., to
a thickness between about 2500 and 3500 Angstrom using a |
.reéctant.gas mixture such as dichlorosilane (SiCl:Hz) and ammonia

(NH3) .
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required thickness is a rapid thermal oxidation at a tenperature bam
about -800 and 1000 degrees C. for a tine between about 20 and 40 s 200%
thereby formng a relatively thick layer of gate base material with a
t hi ckness between about 40 and 70 Angstrom 25. The nmethod of claim 18,
wherein said depositing a first layer of gate electrode material is grow ng
a | ayer oR2gatTheemethrddef Mkaidil 181 wAkiG:e 20Bkinhkeechahg adaial tleveer atfur e
bet ween 600 and 640 degrees C. using LPCVD to a thickness of between about
3000 and 40G0.eArtgstr dm el6hingl e tnetibody ofs Dlcaiam 281 wdieraiic feladtieroVvi Ng
said first |ayer of gate electrode material fromthe surface of said |ayer
of di el ect¥arc Hizshapphygngie: pro€Es:0ks ChemitcdlantMichani tciade tRedMeshi ng to
said first layer of gate electrode material said renoval creating first
gat e el ectalodes li2dsedd 3$ab dsddarsits. openings in said |layer of dielectric
said first gate electrodes overlying said |ayers of gate base material of
a first thickness. 27 The nethod of claim 18 wherein said gate base
material contains pad oxide whereby furthernore said etching said |ayer

23. The method of claim j7g wherein said gate base material

éontains pad oxide whereby furthermore said etching said layer
of gate base material in said regions of first thickness to the
required thickness is a rapid thermal oxidation at a temperature

} between about 800 and 1000 degrees C. for a time between about
10 and 20 seconds thereby forming a thin layer of gate oxide

with a thickness between about 10 and 30 Angstrom.

24 + The method of ¢laim:1g wherein said gate base material
contains pad oxide whereby furthermore said etching said layer
of gate base material in said regions of first thickness to the
required thickness is a rapid thermal oxidation at a temperature

between about 800 and 1000 degrees C. for a time between about

Toerpms”

20 and 40 seconds thereby forming a relatively thick layer of
gate base material with a thickness between about 40 and 70

Angstrom.

25 - The methed of claim 18 wherein said depositing a first layer

of gate electrode material is growing a layer of gate electrode
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of gat,e base material in said second regions of exposure to the required
thi ckness is a rapid thernmal oxidation at a tenperature between abodt1 206 2004
and 1000 degrees C. for a tinme between about 10 and 20 seconds thereby
formng a thin |ayer of gate oxide wth a thickness between about 10 and
30 Angstrom 28 The nethod of claim 18 wherein said gate base materi al
contai ns padedxiadeavher empdraiber PRt ResRigboetahi 0o sEigkdeayer, uofngate
base material in said second regions of exposure to the required thickness
is a rapi LEdver Wl a0xh i@ty aff BetREPETrAIJHE 3880 1dnAUGB ROBAgshebmeen about
800 and 1000 degrees C. for a tine between about 20 and 40 seconds thereby
formng arelatively thick layer of gate oxide with a thickness between
about 40 and 70 Angstrom 29 The nmethod of claim 18i wherein said
depositingsa SaeoRdthbaysy thigahe sheedimwdQiantenbandwrrid kersurface of
said layer of nitride is growwng a |ayer of gate electrode nmaterial at a

t enper at ung et weegabdl-and 840 Heot LSl Growsthe HERLed @@ sathl ekpess of
bet ween about 3000 and 4000 Angstrom 30. The nethod of claim 18 erein

sai d rend\ymg;sakde S££0NM aphdYehgOf SRl 2 eet ERER: Flt MidRlanfiba t he
surface of said layer of nitride is applying a process of Chem cal _
Mechani calpo1Rahi 881 A8 40 Salidseetond: |y efaref cg8t er &l L Gltedeamigryal said

remcval creating first gate electrodes inside said first

openings in said layer of dielectric said first gate electrodes

Sz

overlying said layers of gate base material of a first

thickness.

27 - The method of claim 18 wherein said gate base material
contains pad oxide whereby furthermore said etching said layer
of gate base material in said second regions of exposure to the
required thickness is a rapid thermal.oxidation at a temperature
between about‘BOO and 1000 degrees C. for a time between about

10 and 20 seconds thereby forming a thin layer of gate oxide

"

with a thickness between about 10 and 30 Angstrom.

28 . The method of claim 18 wherein said gate base material
contains pad oxide whereby furthermore said etching said layer

of gate base material in said second regions of exposure to the

required thickness is a rapid thermal oxidation at a temperature
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renoval creating second gate el ectrodes inside said second openings,in
sai d”l'ayer of dielectric said second gate el ectrodes overlying sai chjﬂaiWﬁ 2004
of gate base material of a second thickness. 31. The nethod of claim1 8
whergin said dielectric contains nitride whereby furthernore said renoving
said dielectric from the surface of said | ayer of gate base material is
renmovi ng heétvéeete appudpBPYi and al Gt depecheast ngfar lutfimecdebxéate adtcattant 33
1 AUG 2004 (BOE) conprising a m xed solution of fluoroanmoni um and
f 1 uor ohydr 9¢eand 701 segrddphtisptari Coavidgsal xtliadrived? thitle hetdwafof cl ai m
18 wherein said dielectric contains nitride whereby furthernore said
renovi ng ofataiakigicewdchr ecthickomstshbesuetacaboft 44i dnflayerAndstgatme base
material is renmoving nitride applying an anisotropic Rl E using CHF3 or
SF6-02 as an etchant. 33 . The nethod of claim 18 wherein said dielectric
contains nitride whereby furthernore said renoving of said dielectric
fromthe s& e ofetbaiddof aybrinofi sgaherbas esatat @epakit sngi ppsawpndsai d
nitride into phosphoric acid (H3P04). 34

layer of gate electrode material over the surface of said layer

of nitride is growing a layer of gate electrode material at a
temperature between 600 and 640 degrees C. using LPCVD to a

thickness of between about 3000 and 4000 Angstrom.

Sy

30. The method of claim 18 wherein said removing said second
layer of gate electrode material from the surface of said laver
of nitride is applying a process of Chemical Mechanical
Polishing to said second layer of gate electrode material said
removal creating second gate electrodes inside said second
openings in said layer of dielectric said second gate electrodes
overlying said layers of gate base material ¢f a second

thickness.

31 . The method of claimig wherein said dielectric contains
_nitride whereby furthermore said removing said dielectric from
the surface of said layer of gate base material is removing

nitride by applying a wet etch using a buffered oxide etchant
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34 AUG 2004

{BOE)} comprising a mixed solution of fluorcammonium and

fluorohydrogeﬁ (7:1) and phospheric acid solution.

32 | The method of claim 18 wherein said dielectric contains
nitride whereby furthermofe said removing of said dielectric
from the surface of said layer of gate base material is removing
nitride applying an aniscotropic RIE using CHF3 or SFg-02 as an

etchant.

33 . The method of claim 1g wherein said dielectric contains
nitride whereby furthermore said removing of said dielectric
from the surface of said layer of gate base material is dipping

said nitride into phosphoric acid (HzPO4).
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