GATE STRUCTURE AND METHOD OF MAKI NG THE SAME Background of the Invention
1. Field of the Invention The present invention relates to a nethod of
maki ng a gate structure and a related gate structure, and nore
particularly, to a nethod of naking a gate structure used in CMOS i nage
sensors (CISs) and a related gate structure used in CISs. 2. Description
of the Prior Art Charg‘;_e-coupl ed devi ces@ﬁJCCDsR/I have been the mai nstay of
conventional i kETRYTRUCLIRE ANI? MERHE&D QigMAKING THESAMECt ri cal
signals. The applications of CCDs include nonitors, transcription

machi nes, and caneras. Al though CCDs have many advantages, CCDs al so
suf f er BREkarou g of sbedn¥ABtiOAe |inmitati ons inposed by their size. To
overcone the weaknesses of CCDs and to reduce costs and dinensions, CMOS
i mge sensors (ClI Ss) have been devel oped. Photodiodes on a CI'S have a
simlar function as CCDs. Since photodiodes of ClISs can be produced using
convent]i, Fiald dfegHifeegiorPot h cost and size of the sensor can be reduced.
Each conventional CI'S can be divided into a photosensitive region and a

device r egﬂi?cg Bré?é}ﬂriﬁ% %{Hoﬁtre'lzﬁ%%ittggi;ﬁaeﬁﬂ% Qﬁirﬂgﬁ%dégfa b SHRReGrLand e

phot osensi t regi on. e photo ( a trans ransistor, a reset
Lransi ${ked Hat@ WekfceliPl! SHE mbIE PRkl far P02 RRIASH & AARIRS X' gdtd the
structure used in CMOS image sensors (CISs) and a related gate structure used

in CISs.

2. Description of the Prior Art

Charge-coupled devices (CCDs) have been the mainstay of conventional
imaging circuits for converting light into electrical signals. The applications of
CCDs include monitors, transcription machines, and cameras. Although CCDs
have many advantages, CCDs also suffer from high costs and the limitations
imposed by their size. To overcome the weaknesses of CCDs and to reduce
costs and dimensions, CMOS image sensors (CISs) have been developed.
Photodiodes on a CIS have a similar function as CCDs. Since photodiodes of
CISs can be produced using conventional techniques, both cost and size of the

sensor can be reduced.

Each conventional CIS can be divided into a photosensitive region and a
device region. Generally, at least one photodiode is positioned on the
photosensitive region. The photodiode and a transfer transistor, a reset

transistor, a source follower transistor and a select transistor in the device



| region forma CIS unit. The photodi ode usually receives the incom ng
light and converts the light into current signals. The devices in the
device region are wused to transfer the signal to outer electric circuits.
Traditionally, taking a CIS unit as an exanple, when form ng spacers on
transistors of a CIS, a spacer material layer is firstly formed on every
gate. At _this tine, the spacer material |ayer covers every gate and the
phot odregien ferema CI§ why Hhe phatodiosiecdsuallicreceives tharincoraiiontiaht asd
performed to renove the spacer material |layer partly, and form spacers on
every ganeertyithedighteintoycuregrihsinggals et dgvizesfiortmeddevibe regirearemat eri al
| ayer on the top surface of the gates and the top surface of the

phot odiigdé tbostrahsfestthiadighhltd eoevedldeyrit kércumsasma. Therefore, the exposed
surface of the photodi ode is bonbarded by the plasma, and the silicon

| attice of the photodiode is danaged. As a result, the dark current of the
phot odi ode wi || becone unstable, and noise will occur during the

operation.ln..r I evel ope .%%r' i rocesses, | rder to avoid
t he surf aJJ a@g{;&f{ﬁ@} ’ptﬁgﬂl%lgo@g Lg’é'ift %@%gﬂﬁ%@, B@'letsrhﬁorﬁplé%?g%eraaqr{ er ned
photoresistor i ? fé{ med on the phot odi ode. _Hoi/e er, an extra Ehot 0, mask
and exErRRSITIERS Of & &l dcdearardnateriak lyehio flsstly douned Qhavepheak-¢tl st or .
Therefore, the productivity is decreased. Furthernore, after the spacers
are fothisdimehthe spaceiumpieisaldiye heopeistodirggrate ansk the plotogiedebyhene
spacer material layer. The

a dry etching process such as plasma treatment is performed to remove the

spacer material layer partly, and form spacers on every gate. While the dry

etching is being performed, the spacer material layer on the top surface of the

gates and the top surface of the photodiode is almost totally removed by the

plasma. Therefore, the exposed surface of the photodiode is bombarded by

the plasma, and the silicon lattice of the photodiode is damaged. As a result,

the dark current of the photodiode will become unstable, and noise will occur

during the operation.

In recently developed fabricating processes, in order to avoid the surface
of the photodiode being bombarded by the plasma, a patterned photoresistor
is formed on the photodiode. However, an extra photo mask and extra steps
are needed to form the aforesaid patterned photoresistor. Therefore, the
productivity is decreased. Furthermore, after the spacers are formed, the top
surface of the photodiode is stiil covered by the spacer material layer. The
remaining spacer material layer on the photodiode will influence currents
formed by the photodiode and the sensitivity of the photodiode will be

decreased.



remai ni ng spacer material |ayer on the photodiode will influence currents
formed by the photodi ode and the sensitivity of the photodiode wll be
decreased. 2 Summary of the Invention Therefore, the present invention
provi des a nethod for fabricating a gate structure of a CIS to prevent the
phot odi ode from being affected by the plasma during fabrication of

spacers. According to the clained invention, a nethod for formng a gate

st r uct Summacy pf the dieventidie net hod conprises steps of formng a gate,
formng a first silicon oxide layer, a silicon nitride |ayer and a second

si i con oxitigef@nesithe qrésehnihventigapeotides doidthodt fortfapricatinioa gang a dry
etching process to etch the second silicon oxide |ayer and performng a

vet et g, peu Ry 8P£%§ds 6 prétéhy ﬁl‘fcélepﬁb{ddi_%@lerﬁrbh’i Beirgffebed by the Hladrman

oxi de Tayer. According to the clained invention, a gate structure is also
provi dgd.. conprises a gate; and a spacer positioned at
a sideaath}%Qégﬁﬁﬂgbgggéﬁéﬁﬁ the spacer conprises an oxide-nitride-oxide
(ONO) stack layer fornmed by a first silicon oxide |ayer, a silicon nitride
| ayer and a second silicon oxide layer, the silicon nitride |ayer being

substantially unetched by phosphoric acid. The feature of the present
i nvent i on According tméheiclaimsad mvantian, agnathed fosdorming a gate structure

is provided. The method comprises steps of forming a gate, forming a first
silicon oxide layer, a silicon nitride layer and a second silicon oxide layer
covering the gate from bottom to top, performing a dry etching process to
etch the second silicon oxide layer and performing a wet etching process to

etch the silicon nitride and the first silicon oxide layer.

According to the claimed invention, a gate structure is also provided. The
gate structure comprises a gate; and a spacer positioned at a sidewall of the
gate, where the spacer comprises an oxide-nitride-oxide (ONO) stack layer
formed by a first silicon oxide layer, a silicon nitride layer and a second silicon
oxide layer, the silicon nitride layer being substantially unetched by

phosphoric acid.

The feature of the present invention is that the silicon nitride layer of the
ONO stack layer is formed by the SINGEN method. The silicon nitride layer
formed by the SINGEN method not only will be substantially unetched by
phosphoric acid, but also can be etched by an RCA cleaning solution. After the
ONO stack layer is formed, a dry etching process is performed to remove part

of the second silicon oxide layer. After that, a wet etching process is
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ONO stack layer is formed by the SINGEN nethod. The silicon nitride |ayer
formed by the SINGEN net hod not only will be substantially unetched by
phosphoric acid, but also can be etched by an RCA cl eaning solution. After
the ONO stack layer is formed, a dry etching process is perforned to
renove part of the second silicon oxide |layer. After that, a wet etching
process i 3 perforned to etch the first silicon oxide layer, silicon
nitri d@qragfé?egrt@ el theclirsd Slicpnopxighe tryeragiconTmifide layercand cthe be
formed on the gate without danage the surface of the photodi ode. These and
ot her Gbpeodisjgeomfoxide lpyess erhien, rev spacancan IHe farndediion tee gate withvboius t o
those of ordinary skill in the art after reading the follow ng detail ed

descri pfanvag@thé Rerficef of tied phobodiotent that is illustrated in the various
figures and drawi ngs. Brief Description of the Drawings FIGS. 1 -4 are

schematic drawngs illustrating a nethod of formng a gate structure
according to a preferred enbodi nent of the present invention. FIG 5 shows

a schemmt i ' ' t] a gate.s ure wth fect. FIG 6 is
2 SOnoHHdsE HAMAG Dbl oA PR Sl R Bhamel L
pescr | B Vo) ¥ Sthose %];‘%rrd}noarsls%sﬂ ir% tr_wle1 ’ar%“Qh%P rggginséct %@éllocwi%bac%tgqlséd
i |1 ust PRVIONS I

description of the preferred embodiment that is illustrated in the various

figures and drawings.
Brief Description of the Drawings

FIGS. 1-4 are schematic drawings illustrating a method of forming a gate
structure according to a preferred embodiment of the present
invention.

FIG. 5 shows a schematic drawing illustrating a gate structure with a defect.

FIG. 6 is a schematic drawing illustrating a method of forming a CIS.

Detailed Description

Please refer to FIGS. 1-4, which are schematic drawings illustrating a
method of forming a gate structure according to a preferred embodiment of
the present invention. FIG. 5 shows a schematic drawing illustrating a gate
structure with a defect. FIG. 6 is a schematic drawing illustrating a method of

forming a CIS.

The following embodiment is illustrated by taking a singe CIS unit as an

example. As shown in FIG. 1, a substrate 10, such as a silicon substrate or a
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met hod of formng a gate structure according to a preferred enbodi nent of

the present invention. FIG 5 shows a schematic drawing illustrating a gate
structure with a defect. FIG 6 is a schematic drawing illustrating a
method of formng a CS. The follow ng enbodinent is illustrated by taking

a singe CISunit as an exanple. As shown in FIG 1, a substrate 10, such
as a silicon substrate or a 4 silicon on insulator (SO). substrate, is
provi dediconnan dnsgiatar QI substiaiasisaprovidads Taepsqqﬁééateom waclides at> and
at least a shallow trench isolation (STI) structure 14. The P-type doping
wel | 1Rastm Betygievdoeing wed B2 anelbat least prshalkemdiancheisodafiion (3Thnd at

| east a device region B. The formng steps of aforesaid elenents such as

the doptrp@tue | 417herpithpe dpintrwell U2 cad by divided lintoranedse & hose skill ed
in the art and details are therefore omtted here. A gate 16 is then forned

on the | r=Yol! h ) i i | d
form ngﬂg‘fd&g@%@%?ggﬁawérﬁzﬁhgﬂ%%fihgfdgn Iogn@t-ﬁié ﬁ%ﬁﬁ‘s@ﬁé 1%P ‘(Ia'he
di el ectgic | b i1 Jtri f

o uce b Bl AR Bt 25 808 Pl WA LAKE MRS et A
conductive | ayer (not shoy s fo d the dielectric | ., Ih
conducielE kneleFS These ABITGsbIr 88 PlbAnd gistals dee therafoTe/omiEted hafeoys.
anong others. Following that, an etching process is perfornmed to etch the
dielectric layer and the conductive layer to formthe gate 16 on the

substrate 10. Later, as shown
A gate 16 is then formed on the device region B. The method of forming

the gate 16 may include forming a dielectric layer (not shown) blankly on the
substrate 10. The dielectric layer can be a silicon nitride layer formed by
thermal oxidation, or any dielectric material formed by deposition. Then, a
conductive layer (not shown) is formed on the dielectric layer. The conductive
layer includes polysilicon, polycide, metal or metal alloys, among others.
Following that, an etching process is performed to etch the dielectric layer and
the conductive layer to form the gate 16 on the substrate 10. Later, as shown
in FIG. 1, a spacer material layer 18 is formed to cover the surface of the
substrate 10 and the gate 16. The spacer material layer 18 is dn
oxide-nitride-oxide (ONOQ) stack layer. The ONO stack layer can be formed by
forming a first silicon oxide layer 20, a silicon nitride layer 22 and a second
silicon oxide layer 24 covering the gate 16 and the substrate 10 from bottom
to top. The first silicon oxide layer 20 can be formed by a conventional
deposition process. The thickness of the first silicon layer 20 is preferably
around 100 angstroms. The second silicon oxide layer 24 can also be formed
by a conventional deposition process. It is noteworthy that the silicon nitride

layer 22 in the present invention is formed by a SINGEN method. For example,
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in FIG 1, a spacer material layer 18 is fornmed to cover the surface of the
substrate 10 and the gate 16. The spacer material |ayer 18 is an

oxi de-nitride-oxide (ONO stack |layer. The ONO stack |ayer can be forned by
formng a first silicon oxide layer 20, a silicon nitride layer 22 and a
second silicon oxide |layer 24 covering the gate 16 and the substrate 10
frombottom to top. The first silicon oxide |ayer 20 _can be forne

conventh%ﬁdlcom%ﬁﬂgﬁt|F=1&5ﬁf gRosdesmerhbyt HlP@i'ﬁnge'iﬂuﬁar%ngleﬂ"ﬂU%l—PQ’Qn Iayer

20 is preferably around 100 angstrons. The second silicon oxide |ayer 24
can al ppovidetopyréghplieg Matenaksninanbhe ddjmsi nitvideplayee2e. farméd bydhewor t hy
that the silicon nitride layer 22 in the present invention is fornmed by a

S| NGENS IRt i dne tistd e sl dense thien $h lcomoantibhal deethayie! add ¢anderriped by
"Applied Centura SiNgenPlus LPCVD' provided by Applied Materials, Inc. The

Sili Coguﬂ’slt;{rit Iy] @tﬁ%dgﬁ%b‘?}&ﬁﬂﬁﬁ 188, TRNEd Bﬁﬂohég g\}aapﬁﬁ;se than in

convenil ona substanti a y etc phoric

<ol eaﬁ,ﬁf@%‘)ﬁaﬂ%? TR A SthosEnmafe LR VA TLHR e mbeion, 1 0w

tenperature deposition, preferably around 600-800 C, d provide better
si | i cohY¥iem that Wﬂ&l'ﬂﬁﬁé‘é‘” LR RETARHIS epp@tlcyﬁ %regﬁgﬁe@va{PHa process

such as a plasna treatnment, is perforned to etch the second silicon oxide
| ayer B6O0pBOGRIG,land providg hettersificost nitridg perboesantee silicon nitride
| ayer 22 can serve as a stop |ayer. The

As shown in FIG. 2, a dry etching process, such as a plasma treatment, is
performed to etch the second silicon oxide layer 24 primarily. During the dry
etching process the silicon nitride layer 22 can serve as a stop layer. The
second silicon oxide layer 24 after dry etching forms a spacer 26 on the
sidewall of the gate 16. More specifically, the second silicon oxide layer 24
positioned on the top of the gate 16 and on the substrate 10 where uncovered
by the gate 16 is removed totally by the plasma, and the silicon nitride layer 22
originally under the second silicon oxide layer 24 is exposed. Furthermore, the
second silicon layer 24 remaining on the sidewall of the gate 16 forms the
spacer 26. Alternatively, as shown in FIG. 3, there may be some residue of the
second silicon layer 24 on the top of the gate 16 and substrate 10 after the dry
etching process. The following fabricating processes can be applied to
situations where the second silicon layer 24 remains on the top of the gate 16
and substrate 10 and where the second silicon layer 24 does not remain on the

top of the gate 16 and substrate 10.

Later, as shown in FIG. 4, a wet etching process is performed to etch the
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second silicon oxide |ayer 24 after dry etching forns a spacer 26 on the
sidewal | of the gate 16. More specifically, the second silicon oxide |ayer
24 positioned on the top of the gate 16 and on the substrate 10 where
uncovered by the gate 16 is renoved totally by the plasma, and the silicon
nitride layer 22 originally under the second silicon oxide |layer 24 is
exposed. Furthernore, the second silicon |ayer 24 remaining on the

si dewabilicon nifeidgdayen 82tandrihe higst siicosy oxigle layes 2aprivaanly, agdstheéwn in
FIG 3, there may be sone residue of the second silicon layer 24 on the
top of s¢tendailécdrboaide fayestddicalke ediateralie etithed.cAftar blge pradortshingrhe
follow ng fabricating processes can be applied to situations where the

secondppbéd 501 AT 24 cofipossd Of thadirkerilifort bRidkaletR0,ahd shbshrate 10
and where the second silicon |ayer 24 does not renmain on the top of the

gate 1f;apl l%[%?tzrza%ﬁg #ge %&bﬁﬂ’ siﬁ%oﬁhﬁ?]@a%ﬂ iE'f@mfzéfi.%t‘”ﬁfi%gb?M feProcess

Is pertforned to etc silicon nit | ayer and t irst silicon
oxi de lLayer 20 pripgridy, and the second sili Lde | | s,al so
col | at Qﬁgﬁ F’V”&P&'ﬁegg oﬁ%&pqeﬁgn\y\é@v eté%‘ Yy com@%@%@'&ge gsg%gfru%u ceoﬁrgosed
of the first silicon oxide Iager 20, the siljcon nitride |ayer 22 and the
secondokthe psasenfyiaveptioncanbaappligd tofranpiarifansifiorsg RLIIFAVIEINRTE, 38 of
the present invention is conpleted. The gate structure 38 of the present
i nvent souraafolbewen plansistoos,t anchsewctitramsstarsrig, CiSeset transi stors,
source follower transistors, and select transistors in CI'S.
It is noteworthy that the aforesaid wet etching process uses RCA cleaning

solution to etch the silicon nitride layer 22, the first silicon oxide layer 20 and

the second silicon oxide layer 24. Generally, the RCA cleaning solution

including NH4sOH and H:O: is used to clean the native oxide on the wafer or

clean residue on the wafer after etching processes. Traditionally, the silicon

nitride layer formed by a conventional chemical vapor deposition (CVD)

process can be etched by phosphoric acid, because phosphoric acid has a high

etching selectivity ratio of the silicon nitride layer to the silicon oxide layer.

Therefore, phosphoric acid almost only etches the silicon nitride layer, and

does not etch the silicon oxide layer. However, as shown in FIG. 5, if

phosphoric acid is used as an etching solution to etch the silicon nitride layer

22, a defect 30 such as an undercut in the silicon nitride [ayer 22 under the

second silicon oxide layer 24 will occur.

Because the silicon nitride layer 22 of the present invention is formed by
the SINGEN method, however, the silicon nitride layer 22 will have a less dense

structure compared to a silicon nitride layer formed by a common CVD process.
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It is noteworthy that the aforesaid wet etching process uses RCA cl eaning
solution to etch the silicon nitride |ayer 22, the first silicon oxide

| ayer 20 and the second silicon oxide |ayer 24. Cenerally, the RCA

cl eaning solution including NHAOH and H202 is used to clean the native
oxide on the wafer or clean residue on the wafer after etching processes.
Traditi naI , the silicon nitride_layer_ formed by a conventional chem ca
vapor J 86%(¥?oﬁh? N BrEgeslayetd 2pd @JHﬁEé”b¥”bﬁ&§Bh5WﬁéZébaﬂ thecause
phosphoric acid has a high etching selectivity ratio of the silicon

ni tri deecay@dsilicon bxide layeos?4bxaddd ayahed byiRAfcbeaningsdptioni dukogd

al nost only etches the silicon nitride |ayer, and does not etch the

si | i coth@xsafdr ey @tchiremprsetessaanshoyate Btiucturd 3 8iwithbheskifecd 30l d is
used as an etching solution to etch the silicon nitride |ayer 22, a defect

30 suchhawnih p!@lezf ggﬁ Heh cfllilﬁeé_l licon nitride |ayer 22 under the second
silicon oxide |ayer 'T occur. Because the silicon nitride |ayer 22 of

t he present |nvent|on is formed by the SINGEN nethod, however, the silicon
nitride layer 22 will have a | ess dense structure conpared to a silicon
nitride |ayer_ forned lt)%/?-a common CVD pr.oc 7 Therefore, the silicon

nitride | aytefeaturg gf Pé%s%'?tl'i“é’SHt'Q Iaéﬁmm@@cmg prRcessasshawat| i con

oxi de | ayer 24 can be etched by RCA cleaning solution during the sane wet
et chi n§tghribgdyoceandrapgsiormad inseqeens: iv erduthalONQ stak layer sddowmi n
FIG 4 can be forned.

a spacer. That is, the dry etching process is performed to etch the second

silicon oxide layer 24 primarily and the silicon nitride layer 22 serves as a stop
layer. Then, the wet etching is performed by using RCA cleaning solution as an
etching solution to etch the silicon nitride layer 22 and the first silicon oxide
layer 20 primarily and the second silicon oxide layer 24 is also collaterally
etched. Then, the spacer 28 is formed. Traditional fabricating steps usually
use only a dry etching process or only a wet etching process to etch the spacer
material layer, such as the ONO stack layer to form a spacer. The silicon nitride
layer 22 of the present invention is formed by the SINGEN process, therefore
the silicon nitride layer 22, the first silicon oxide layer 20 and the second
silicon oxide layer 24 can be etched by RCA cleaning solution. As a result, the
spacer 28 without defect can be formed. Moreover, because the first silicon
oxide layer 20 is removed by the wet etching process, the surface of the
photosensitive region A will not be bombarded by the plasma, and the lattice
of the silicon will not be damaged. In addition, extra steps such as forming a
photoresist layer for protecting the photosensitive region A, and removing the

photoresist layer are not needed.



The feature of the present invention is that a dry etching process and a
wet etching process are perfornmed in sequence to etch the ONO stack | ayer
to form a spacer. That is, the dry etching process is perforned to etch
the second silicon oxide layer 24 primarily and the silicon nitride |ayer
22 serves as a stop layer. Then, the wet etching is performed by using RCA
cl eaning solution as an etching solution to etch the silicon nitride |ayer
22 and t hé\fterdie gale stoucaned?s 13 agupletedhd phpiodiogdeandha seaueRid&AIN; con
oxide layer 24 is also collaterally etched. Then, the spacer 28 is forned.
Tr adi t regieh foaltheagdtengretiepe 36 am fgrmade AsrshowndnyFl6t 6harfirspr ocess or
only a wet etching process to etch the spacer material |ayer, such as the

. ?ﬁﬁemé’&_rpﬁdlof@iiﬁﬁ FayeP A6t shdWh) ddviee® thaisubstieite 1), athe2TIof t he
present 1 nvention is formed by the SINGEN process, therefore the silicon

trid , , y \ il

oxi de. TYEHs, P4 anthe oAl LIRS 8408 iR tHeTotaR s RERRaidh, . °°"
2 i t hout, def egt be, f d, , t ' il

o do Rapeteragn N-P@mc0RasAY st Ruehar PPl Bh aclEReIRIrlRrtdc Mip® "

photosensitive region A will not be onbardeg b tge pl aﬁma, and the

| at t i cthe ghotagersifive JAIRN A adithees dl 0y "HX‘M ERiIBHN-EYRS FORIRDs such

as formng a photoresist |ayer for protecting the photosensitive region A,
and r ensyiong3 2 lie fophetoAeshis pbintea phetathodadsdempRted: Next hthegtirs
structure 38 is conpleted, a photodi ode and a source/drain

patterned photoresist layer is removed. After that, a second patterned

photoresist layer (not shown) is formed to be a mask, and an N-type doping

region 36 at a side of the gate structure 38 is formed. At this point, a CIS is

completed.

Finally, as shown in FIG. 4, the gate structure 38 provided in the present
invention can be applied to the transfer transistors, reset transistors, source
follower transistors and select transistors or other CMOS transistor in the
peripheral region. The gate structure 38 of the present invention is positioned
on a substrate 10. The gate structure 38 includes a gate 16, a spacer 28
positioned at a sidewall of the gate 16, and the spacer 28 comprises an
oxide-nitride-oxide (ONO) stack layer formed by a first silicon oxide layer 20,
a silicon nitride layer 22 and a second silicon oxide layer 24. It is noteworthy
that the silicon nitride layer 22 substantially cannot be etched by phosphoric
acid. In addition, the gate 16 further comprises a dielectric layer 15 positioned
on the substrate 10. According to a preferred embodiment of the present
invention, the thickness of the first silicon oxide layer 20 is about 100

angstroms, and formed by an oxidizing process. The second silicon oxide
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region for the gate structure 38 are forned. As shown in FIG 6, a first
patterned photoresist |ayer (not shown) covers the substrate 10, the STI
structure 14 and the gate structure 38, and exposes the photosensitive
region A Later, an N-type dopant such as phosphorous or arsenic is
inplanted into the photosensitive region A on the substrate 10, and then
an N-t{pe %ﬁging region 32 is forned. At this point, a photodiode is

conpl elaygr Mdesan hentonmed by » deposiHian Precesesi st | ayer is renoved. After
that, a second patterned photoresist |layer (not shown) is forned to be a
mask, and an N-type doping region 36 at a side of the gate structure 38 is
formed. At this point, a CISis conpleted. Finally, as shown in FIG 4,

the gargoserskglied ¢n IBe Rirowiledatly g apveshRat nuhmarentsi mddificatiengapdi ed to
the transfer transistors, reset transistors, source follower transistors

and Seh&spaﬁéﬁ%if%gréfea@&et ﬁha%e%@ %@%%i fHalle WRilkherainfhd RRET al region.

The gate structure e present ention is positioned on a
substrate 10, T ate st.ructure 38 includes a gate 16, a spacer 28

posi ti ﬂ%ﬁ"ggséﬁgpgéﬁgﬁﬁh8h'the gate 16, and the spacer 28 conprises an

oxi de-nitride-oxide (ONO stack |layer fornmed by a first silicon oxide |ayer
20, a silicon nitride layer 22 and a second silicon oxide |layer 24. It is
noteworthy that the silicon nitride |ayer 22 substantially cannot be
etched by phosphoric acid. In addition, the gate 16 further conprises a
dielectric layer 15 positioned on the substrate 10. According to a
preferred enbodi nent of the present
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invention, the thickness of the first silicon oxide |layer 20 is about 100
angstrons, and fornmed by an oxidi zi ng process. The second silicon oxide 9
| ayer 24 can be formed by a deposition process. Those skilled in the art
will readily observe that nunerous nodifications and alterations of the
devi ce and nethod may be nade while retaining the teachings of the
invention. 10 Clains Wuat is clained is: 1. A nethod of formng a gate
struct @¥Mzonmprising: forming a gate; forming a first silicon oxide

| ayer, a silicon nitride |layer and a second silicon oxide |ayer covering
the gate frombottomto top; performng a dry etching process to etch the
second silicon oxide layer; and performng a wet etching process to etch
t he si Wieatnisrdlaimeg ignd the first silicon oxide |layer. 2. The nethod of
claiml1, wherein the first silicon oxide |layer, the silicon nitride |ayer
and the second silicon oxide |layer forman oxide-nitride-oxide (ONO stack
| ayer.

1. A method of forming a gate structure, comprising:
forming a gate;
forming a first silicon oxide layer, a silicon nitride layer and a second
silicon oxide layer covering the gate from bottom to top;
performing a dry etching process to etch the second silicon oxide layer;
and
performing a wet etching process to etch the silicon nitride and the first

silicon oxide layer.

2. The method of claim 1, wherein the first silicon oxide layer, the silicon
nitride layer and the second silicon oxide layer form an

oxide-nitride-oxide (ONO) stack layer.

3. The method of claim 1, wherein the silicon nitride layer substantially cannot

be etched by phosphoric acid.

4. The method of claim 1, wherein the etching solution is an RCA cleaning

solution.

5. The method of claim 4, wherein the RCA cleaning solution comprises NHsOH

and Hz0:3.
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3. The method of claim1, wherein the silicon nitride |ayer substantially
cannot be etched by phosphoric acid. 4. The nethod of claim1l, wherein the
etching solution is an RCA cleaning solution. 5. The nethod of claim 4,
wherein the RCA cleaning solution conprises NHFACH and H202. 11 6. The

met hod of claim1, wherein the dry etching process is stopped when the

silico tride X e The t.hod of claim1, erein the
st & thegmeSapdticiian T Whetein fhedry aReingerosgss ppHARE SbesTe
silicon oxide |ayer are etched during the wet etching process until the

si i con nstliGadeniteigerlayar inexpopedf the gate is renmpved conpletely and
part of the first silicon oxide layer is renoved, and the first silicon
oxi de layer, the silicon nitride |layer and the second silicon oxide | ayer
after etching together forma spacer. 8. The nethod of claim1l1, wherein the

gate st qWeupfethad (ﬂedﬁﬁﬂu Bftherein thterﬁfﬁfsqrcélﬁ Qﬁ@détlﬂer thé &¥ifdon
transistor, a source follower transistor, sel ect transistor

gate str U@wrcf%lf&mwﬂw@sec@n@% If‘corF‘BQuc?e Fé%‘f%[re%‘%ﬁh&&%ﬁ‘i‘n&tth@ wegleval |

of the gate e ‘'spacer conpri
etching process until the silicon nitride layer on the top of the gate is

removed completely and part of the first silicon oxide layer is removed, and
the first silicon oxide layer, the silicon nitride layer and the second silicon

oxide layer after etching together form a spacer.

8. The method of claim 1, wherein the gate structure can be applied to a
transfer transistor, a reset transistor, a source follower transistor, or a

select transistor.

9. A gate structure, comprising:
a gate; and
a spacer positioned at a sidewall of the gate, the spacer comprising an
oxide-nitride-oxide (ONO) stack layer formed by a first silicon
oxide layer, a silicon nitride layer and a second silicon oxide layer,
the silicon nitride layer being substantially unetched by phosphoric

acid.

10. The gate structure of claim 9, wherein the first silicon fayer covers the

sidewall of the gate completely.

12



oxi de-nitride-oxide (ONO stack |layer forned by a first silicon oxide
| ayer, a silicon nitride |layer and a second silicon oxide |ayer, the
silicon nitride |ayer being substantially unetched by phosphoric acid. 10.
The gate structure of claim9, wherein the first silicon |ayer covers the
sidewal | of the gate conpletely. 12 1 1. The gate structure of claim?9,
wherein_ the gate further conprises a dielectric_ |ayer positioned on a
subst r & e Thexgateneryehgeq r@latrnr% whergin; theogatgnrBier ep@NiReSkhess of the
first silicon oxide |ayer is 100 angstrons. 13

dielectric layer positioned on a substrate.

12. The gate structure of claim 9, wherein the thickness of the first silicon

oxide layer is 100 angstroms.
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