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 rel ated 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 Char ge- coupl ed devi ces (CCDs) have been the mainstay of

The appl i cat i one-oPRERSIRCIURTANBTRESHED Br MERN G T e N nes. and
caneras. Al though CCDs have many advant ages, CCDs al so suffer from high

costs andg ot S inaNsvéApased by their size. To overconme the weaknesses
of CCDs angafgo reduce COS)IIS and di nmensi ons, CMOS i mage sensors (Cl Ss) have

been devel oped. Photodi odes on a CI'S have a simlar function as CCDs. Since
phot odi odes of CI Ss can be produced using conventional techniques, both
cost and §i Ffaelc?fofrtlt{' AR can be reduced. Each conventional C'S can
be divided 1 nto a photosensitive region and a device region. Generally, at

| east one ph i i sitianed on th hotosensitive reqgion. The
phot odi ode a%ﬁiﬁrtgg§thtsrfl¥$r9tg¢riﬁ§p§etsoﬁo,a @e?@@%p? mf’i%@ gtgﬁ? sﬁ%g%pggdfaol | ower
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related gate structure, and more particularly, to a method of making a gate
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 technigues, 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 CI S unit. The photodi ode usually receives the incomng |ight
and converts the light into current signals. The devices in the device
region are used 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 tinme, the spacer naterial |ayer covers every gate and the

phot odi odg, .: Wi in racess su as plasma. treatnent is

per f or rred??%gagir}r{)r\?ga €|§eur§{1;l?1eer&?fg[f)§r‘? qwg@&re&g&ppihe neemigglichiadet s on
every gat I the dry etching.is beln erforned, ,the spacer materi al

| ayer on ?%%‘)q}k){)ﬁl%{}gg‘c'éngufrﬁg?géﬂr@és'WFE&'C?%W% feiee 68910AR B hot odi ode
is alnost totally renoyed,by the plaspa. ‘Therefore, the exposed surface of
t he phot oH?%%go i“é"ﬁg‘?ﬂ%'recfé%‘i'/ﬁﬁot‘?@ebﬁ%ﬁﬁ? CYRB"$-he silicon lattice of the
phot odi ode is danaged. As a result, the dark current of the photodi ode wll
becone unstable, and noise will occur during the operation. I n
recently devgj oped fi';\bri cati ng:grogesses, in order to avoid the surface of
t he phot odi odE2HEPAgIIAKHIGR I DYNitas an sxample, When Spraigpyacereonst or i s
formed on the photodi ode. However, an extra ghoto mask and extra steps are
needed t olfRBFIFIANROTH 6% dasnicprmaseriabiayrbisotietiyfiosmed e pedyrgatet Ab

productivity is decreased. Furthernore, after the spacers are forned, the
top surf ald¥s Hme,ltbe spaceranatsial ayer icove smmery gateyandthesploted i ode.cTtea,

| ayer. The remaining spacer material layer on the photodiode will influence
currents 4 8rvetching Phiecessotuadi asdplaant treetreentsistperfarynad to hemphatthei ode
will be decreased. Sunmmary of the Invention

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 still 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.



Therefore, the present invention provides a nethod for fabricating a gate
structure of a CIS to prevent the photodi ode from being affected by the
pl asma during fabrication of spacers. According to the clained
invention, a method for formng a gate structure is provided. The met hod
conprises steps of formng a gate, formng a first silicon oxide |ayer, a
silicon nitride |ayer and a second silicon oxide |ayer covering the gate
fron1bott mto to rformng a dry etching process to etch the second
silicon o VW@”?%N@”MSﬁHV%%HQ%rn1ng a wet etching process to etch the
silicon n|trhﬂ Hﬁﬁd the first silicon oxide |ayer According to the
cl ai med i nvedfiRERIOTS t&&twegwwmaom@raw@swrmﬁmforﬂ@@rgat'eg@tgmture
conprises a gate; and _a spacer ﬁOSItloned at a sidewall of the gate, where

the spaceftréginse |°£ésc'§r§0(§b€€‘€%1tﬁ ¢ PhgtodiRdgd roroNwging aiiektade the @Lam by a
first silicon oxide |layer, a silicon nitride |ayer and a second silicon
oxi de | ay@ﬁdf'ﬂglfébﬁwti'%ﬁfﬁptlfﬁ@rée | ayer being substantially unetched by
phosphori c aci d. The feature of the present invention is that the
silicon nitride layer of the ONO stack |layer is formed by the SI NGEN
met hod. The silicon nitride |ayer fornmed by the SINGEN nethod not only wll
be subst anti &ctgrdingte e clymehdaptntion, aciedhotdor tdrstingangdte sétuxdteck by an
RCA cl eaning solution. After the ONO stack layer is forned, a dry etching
process iis prevfdedrddet metirodcempaises stephof Emewing & ghie; dormivigde firstyer .
After that, a wet etching process is performed to etch the first silicon
oxi de | aysticosiokidmayert 1 silieohayntdalayet hadsesaquhdssilicovoxidd hgel ayer .
Then, a spacer can be formed on the gate w thout damage the surface of the
phot odi odgovering the gate from bottom 1o top, performing a dry etching process to

etch the second silicon oxide iayer 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

3



These and ot her objectives of the present invention will no doubt becone
obvious to those of ordinary skill in the art after reading the follow ng
detail ed description of the preferred enbodinent that is illustrated in the
various figures and drawi ngs. Brief Description of the Drawings FIGS. 1-4
are schematic drawings illustrating a nethod of formng a gate structure
according to a preferred enbodi nent of the present invention. FIG 5 shows

2 Sonomat 1o RN Ro gt hE FeS SR TR Biehobfichy mkiSToihiand e © '°
T st Fat a0 sulGeR PR sy 1hel Gavatel ral BorerBeBstari cats w1 pRut or ed
T ust rac ey A SRR ol M BhoRodRrece. “F G 6 15 a schemt ¢ of awi ng
Il lustrating a nethod of

These and other objectives of the present invention will no doubt become

obvious to those of ordinary skill in the art after reading the following detailed

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 iflustrating 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

4



formng a CS. The follow ng enbodinent is illustrated by taking a
singe CS unit as an exanple. As shown in FIG 1, a substrate 10, such as a
silicon substrate or a 4 silicon on insulator (SOl) substrate, is

provi ded. The substrate 10 includes at |east a P-type doping well 12 and at
| east a shallow trench isolation (STlI) structure 14. The P-type doping well
12 can be divided into at | east a photosensitive region A and at |east a

devi ce regi; : i 0 . i-g. e dopi ng
el | <32 oftefn R HREIaGE (SR gheaetle BHOYEETn s s IRRR Y e A e hr
and det ai B I i tte . t 6.1s. the rmed on
t he devi c'ée%rsgé?’o?\@ géﬁ'@%ﬁ&%(ﬁ %fé]géfeﬁisﬁa St"ﬁ‘@"%g‘{g“é%‘%‘?i%’“é]%@ﬂﬁe form ng
a dielectg) r ot, sho bl ankl.y. pn_the substr.ate ...The dielectric
| ayer cangdﬁgcgﬁéﬁﬁ' ((:TJ(E'r? Pn“iY?%épf%&eluflof Ry B)F%Yﬁgfprfﬂio 5&&'@5{ fon, or any
dielectrig terial fornmed,b eposition.. Then, a_conductiyve | ayer .(not
chowny 1 sonBRiER Bive RO A § B3Rt dRvichTBOIoBuLEs JE it PRGN e
pol ysilicon, pal,ycide, netal or tal] allqys, anmong others. Follow ng that,
B et chi g OBrtAIdElemehisciich fthe oBingwelld ZpErhes Tl sryciEs 14rret he
conductive Qa%/er to formt h,? gat e 16 on the substrate 10. Later, as shown
in FIG 1wed ke tothess suillefdpdhe gat agd detaitsganectheseiare araittegk hefée of t he
substrate 10 and the gate 16. The spacer material layer 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 |ayer 22 and a
second si | i cOrgasRildeis|thpafopmeg rethageyine regioca B.eThmmethed siiferminge: 10
frombottomto top. The first silicon oxide |ayer 20 can be forned by a
convent i oifgl gateplds maydncindeckes ming hediehictiio buer dhot sleowi) blankly deohel ayer
20 is preferably around 100 angstronms. The second silicon oxide |ayer 24
can al so Bstmtadd. fheadiemovdalayenaiandspasiltdonmipride ésgr fotmied ot ewor t hy
that the silicon nitride layer 22 in the present invention is forned by a
SI NGEN nethieochal Baidagicamolreny 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 an

oxide-nitride~oxide (ONO) 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

arcund 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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the silicon nitride layer 22 is formed by "Applied Centura Si NgenPl us
LPCVD' provided by Applied Materials, Inc. The silicon nitride | ayer 22
formed by the SINGEN nethod is | ess dense than in conventional nethods, and
cannot be substantially etched by phosphoric acid. The above-nenti oned
"Applied Centura SiNgenPlus LPCVD' is a single-wafer LPCVD silicon nitride
deposition systemthat can deliver |ow tenperature deposition, preferably

around 60Q-800 C, and, provi .better silico itride perfor C . As
Shown i o Hiecsinissh e Mapen e ¢ Sorsted By -abpHed Loty RloofplR i ; &
performed to etch the second silicon_oxide |ayer 24 pri ily., During the
dry etchi Hbo"b‘ﬁ%fig¥§‘ﬁm@ds‘}ﬂﬂeﬂﬂ{s»n'infrﬂi% Sﬂ!ﬂ’@rmmd% e§@§3{é’r5{edab\éf|@p | ayer.
The second silicon oxide |ayer 24 after dry etching fornms a spacer 26 on
the si dewaiNGEY matbodds kessalenssrtbagingonveational mpthadss and GMOES” oxi de
| ayer 24 positioned on the top of the gate 16 and on the substrate 10 where
uncover edsubstaptallyaickeday phosphride acigh dheaheyer mensioneda Appligdt he silicon
nitride layer 22 originally under the second silicon oxide layer 24 is
exposed. EantuiadiigenPiundPEYBO sl asiingleowalfenlhCVi) siiseni nitride dapositiosi dewal |
of the gate 16 forns the spacer 26. Alternatively, as showm in FIG 3,
t her e naysysderioinat casideligenfow hempetainde deposition] ayeferddyanound top of the
gate 16 and substrate 10 after the dry etching process. The foll ow ng
f abri cati 0Q0p8QQ &S smul pavvite bapel istitanonikiit e aermmmankter e t he second silicon
| ayer 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 t cAstledwhhe 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

6



silicon nitride layer 22 and the first silicon oxide layer 20 primarily,
and the second silicon oxide layer 24 is also collaterally etched. After
the wet etching process, a spacer 28 conposed of the first silicon oxide

| ayer 20, the silicon nitride |layer 22 and the second silicon layer 24 is
formed. At this point, the gate structure 38 of the present invention is
conpleted. The gate structure 38 of the present invention can be applied to
transfer transistors, reset transistors, source follower transistors, and
sel ect t rehePRnBFige;layey &2 and the first siliganawide FRyer R4 pim@rdy.cektied wet
etching process uses RCA cleaning solution to etch the silicon nitride

| ayer 22,saceadrsiliean gxideclgnevif de alseyeallateratietehrd . SAsentheswet e6RINKi de

| ayer 24. Cenerally, the RCA cleaning solution including NHAOH and H202 is
used to CPEOEASSFespaaEnZS oxingesed othge\ﬁiasteﬂiimn oxidmlayes 2Quehahiliche waf er
after etching processes. Traditionally, the silicon nitride |ayer forned by
a conventhidrid¢ layeediZcand viapeecatabedicondaygr@Qm)s farowvek Atdhis peingt dited by
phosphoric acid, because phosphoric acid has a high etching selectivity
rati o of gdte stiudtemn3Biof thel@résgrarinventidreissidp mtedxTloe ghteysiructlinge 38f or e,
phosphoric acid alnost only etches the silicon nitride |ayer, and does not
et ch. t he ¢fi fheqoasend ideehdytan Bevuppdied tasratsdantransibtdds, feset traphas@isor i ¢
acid is used as an etching solution to etch the silicon nitride |ayer 22, a
def ect 30scuued falsower tradsisearts, andtseecsittdroMtors i Ctee | ayer 22 under the

second silicon oxide |ayer 24 will occur. Because the silicon nitride
| ayer 22 of the present invention is fornmed by the SINGEN net hod, however,
the silicon nitride layer 22 will have a | ess dense structure conpared to a

silicon ni tr!jtqlsenb@éwértﬁgrtnwtmya@r@mtcé\@.w 8ss utBeReROfIeaninge
silicon nitride layer 22, the first silicon oxide |ayer 20 and the second

si l'i con ax|@@oh W VicRthé 8ilicBR RtsdethyRy 2RChEkeaningos okitld RYednidn@ t he

same wet etching process, and a gate structure 38 wi thout defect 30 as

shown i1 {rkGecBngalich bRIERyer 24, GIRErAIGALAE RCA cIEAGING &H6ALNI nvention i
that a dry etching process and a wet etchi'ng process aré pertorned in
sequence ; . | Fet K i dr

ot ahi g SWEES MO PR AS:i5' BKB 1o et DLR Rafi0E Bidae Bhe viafel BF 54
primarily

il i LI r \.e : A Then,
the wet ect;%%?rrl%ﬁlggé ;%‘r%‘%M&H@&Eﬁt%ﬁ%ﬁ%@?ggﬁ% ﬁ-é s'g)?)t?tsa’lﬁ Igﬁtﬂé_@’ g%or(‘at chi ng
Tayer 20 WRiTRFve) PGrEey L Bk EE G B P i (Gl ~en o
collaterally etched. en, . the spacer 28,is for Lo Iraditi |_ fabrd cating
st eps us Lférlo@s%g%n gﬁle;{aéequ\} p&oéﬁﬁﬂacﬁ%@gawg‘éﬂ%pégaé%c@t% %ﬁ‘d& ocess
pacer . AENGRE e ool BYEhisoh e, B ER e MGEAAURE by
the SIN rocess, therefore the silicon nitride,layer 22, . the first
Si'11 con UIIERTTEy Bhoseia s ac Hbaleeshn Ik e snisHEoT AKAVER ANE et ched
formod. - M5By Stehaba lcamexide, BYesi HPweYFods doonay B F1so & r emoved by
the wet etching process, the surface of the photosensitjve region A wl|
not be bdMHPISdIcHACid fie Upedagean athingsoludian krelsh theesilicon A#RIAR IBYeMot be
damaged. In addition, extra steps such as formng a photoresist |ayer for
prot ect i AR tehdeteebBOsvrdi 23 an unsigiront in, thendlicemiiriss kewer gRatrstesdhet | ayer

are not needed.
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 commaon CVD process.
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After the gate structure 38 is conpleted, a photodi ode and a source/drain
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

i nplanted into the photosensitive region A on the substrate 10, and then an

N-type doping.regipn 32 is fornmed. this point, a photodiqde i

conpl et ed?hf\&f?fegttﬁg Sﬁlqo&"'ﬁré?‘gz‘?‘yﬁéétzpﬁg? g'r’ ?'EFO'P 89‘&519 Faé’eF 2ﬁtﬂf€§§heAf ter
that, a second tterne hot gresi st | ayer (not shown) is fornmed to be a
mask, ands%ﬁ?wgﬁﬁ‘é"‘ 8’55?% YREgAFRN3Re §ichedsbyBCAr clemaingasalution deriige 38 i s
formed. At this point, a CIS is conpleted. Finally, as shown in FIG 4,
the gate EflerWﬁr"\éﬂti«ﬁéc?)’lngvﬁ’%és%rﬁfgﬁéQﬁl%éﬁﬁﬁmrﬁ\%wtbﬁuééiﬁf%é3&p§ﬂ ied to
the transfer transistors, reset transistors, source follower transistors
and sel ecthewniaFi.of sagbediomedomMds 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
sidewal | of the gate 16, and the spacer 28 conprises an oxide-nitride-oxide
(ONO) st ack Thgéeatuse pbthadpresent intensioniis tatoxd deetichirgr pRessand laiwen
nitride |layer 22 and a second silicon oxide layer 24. It is noteworthy that
the silicehing pictess ayeped@risatsn anguahdetocetahahe NG scaddabyr fpHfesphor i c
acid. In addition, the gate 16 further conprises a dielectric |ayer 15

posi t i onedlspacarhéhatizs thadey 20chifg qrodéssgistperéommed es eech grbodioment of t he
present invention, the thickness of the first silicon oxide |ayer 20 is

about 100sikoys bxiahslayan?4 fpatmmdlyianh ditheosilidd g inigider lages 32 sERRss PG psi | i con
oxide layer 24 can be fornmed by a deposition process. Those skilled in the

Srt Wi | lagediThenotisewee etdhahg MIpBITEHA AR ddiﬁ?u@cwézeanﬁwgaédlaﬁah lagry of the

device and nethod nay be made while retaining the teachings of the

I nvent i oretching 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.



Clainms What is clainmed is: 1. A nethod of formng a gate structure,
conprising: formng a gate on a substrate; formng a first silicon oxide
| ayer, a silicon nitride layer and a second silicon oxide |ayer covering
the gate and the substrate frombottomto top.

After the gate structure 38 is completed, a photodiode and a source/drain
region for the gate structure 38 are formed. As shown in FiG. 6, a first
patterned photoresist layer (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 implanted into
the photosensitive region A on the substrate 10, and then an N-type doping
region 32 is formed. At this point, a photodiode is completed. Next, the first
patterned photoresist layer is removed, After that, a second patterned
photoresist layer (hot 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 (ONQO) 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 fayer 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

9



performng a dry etching process to etch the second silicon oxide |ayer;
and performng a wet etching process using a RCA cleaning solution to etch
the silicon nitride and the first silicon oxide |ayer to expose a surface
of the substrate. 2. The nethod of claim1l, wherein the first silicon oxide
| ayer, the silicon nitride |layer and the second silicon oxide |layer form an
oxi de-nitride-oxide (ONO stack layer. 3. The nmethod of claim 11, wherein

the silic bst ntia cannot be etched by phosphoric
aci d. %%22 %%%Be%ﬁﬁ? eﬂﬂ%b@%rprpﬁﬁ RCA cl eani ng sol ution
conpri ses NHAOH and H202.

Those skilled in the art will readily observe that numerous modifications and
alterations of the device and method may be made while retaining the

teachings of the invention.
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5. The method of claim1l1l, wherein the dry etching process is stopped when
the silicon nitride layer is exposed. 6. The nethod of claim1l, wherein the
first silicon oxide layer, the silicon nitride | ayer and the second silicon
oxi de layer are etched during the wet etching process until the silicon
nitride layer on the top of the gate is renoved conpletely and part of the

first sicy oxi de layer is renoved, and the first silicon oxide |ayer,
the silicon nitride layer and the second silicon oxide |layer after etching
together form a spacer, on a sidewall of the gate. 7. The nethod of claim1,
mhereinVVh@tgétékﬁﬂﬁedﬂﬁﬁe can be applied to a transfer transistor, a reset
transistor, a source follower transistor, or a select transistor.

1. A method of forming a gate structure, comprising:

forming a gate on a substrate;

forming a first silicon oxide layer, a silicon nitride layer and a
second silicon oxide layer covering the gate and the
substrate from bottom to top;

performing a dry etching process to etch the second silicon
oxide layer; and

performing a wet etching process using a RCA cleaning

solution to etch the silicon nitride and the first silicon

oxide layer to expose a surface of the substrate.
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 (ONQO) stack layer.

3. The method of claim 1, wherein the silicon nitride layer

substantially cannot be etched by phosphoric acid.
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4, The method of claim 1, wherein the RCA cleaning solution

comprises NHsOH and H20;.

5. The method of claim 1, wherein the dry etching process is

stopped when the silicon nitride layer is exposed.

6. The method of claim 1, wherein the first silicon oxide layer, the
silicon nitride layer and the second silicon oxide layer are
etched during the wet 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 on a sidewall

of the gate.

7. 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.
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