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Howevdielesme apsewes iiuelyessR Fanae audesirplely fcavsemiasea induced damage (PID).
variations, conprom sing gate oxid.c integrity and

[0003] eadiipdl ﬂlasmwplmmﬁﬂacmpﬁmgei(PLD)(Iasﬂﬁﬁ@ﬁumeadplbyna process. As
Cpk), [0004]Fromthe foregoing, it is desirable to
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layer 158 to expose the gate conductor. Charged particles 190 generated from the RIE process
penetrate through the gate electrode and are trapped in the gate oxide. These trapped charges
can cause performance variations, compromising gate oxide integrity and leading to poor process
capability (as measured by Cpk).
[0004] From the foregoing, it is desirable to reduce PID in integrated circuits.

SUMMARY OF THE INVENTION
[0005] The present invention relates to integrated circuits (IC), and more particularly to
reducing PID in ICs. In accordance with one aspect of the invention, a circuit is provided. The
circuit comprises a circuit control terminal, a primary circuit and a protection circuit. The
primary circuit comprises a primary control terminal and a primary gate oxide having a first
thickness. The primary control terminal is coupled to the circuit control terminal. The
protection circuit comprises a protection control terminal and a protection gate oxide of a second
thickness which is less than the first thickness. The protection circuit is coupled to the primary

circuit wherein the protection gate oxide reduces plasma induced damage in the primary circuit.



reducing PHI') in W. In accordance with one aspect of
the invention, a circuit is provided. The circuit
conprises a circuit control termnal, a primry
circuit and a protection circuit. The pi-jimry circuit
conprises a primary control termnal and a primary
at e_oxi de, havi ,ng a first thickness The pri rra‘rq%/ ) .
[00"@0 nt Fbiccpriapes¥Ith prothes aspesd of e dmentipn, @ungthedat fogming an IC is
term nal. The protection circuit conprises a
provigedst Blast inethod opmpiises pervidingh sabrtrate defintdwith arfirgadne second active
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protegtioncaiet oxedaistdscea ppasimaanducgd tiemage idehopriraarfyi cirgtit.
t hi ckness and the protection circuit includes a
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is couplegte thei raimaga ccwk whereisf the pensectind gateioxideasduash plelmb éliced
than the first thickness is provided in another aspect

damagy inttheprimugntiicoin. The protection circuit is coupled to
the primary circuit wherein the protection gate oxide
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fol l.om ng description and the acconpanyi ng draw ngs. )
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of the various enbodi ments described herein are not
embogiments|describge hersinare apdnumalle gxdusiveandaan exist in various combinations
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.are described wth reference to the foll ow ng o
the dlfgqrngrxpggs’. Algo.the,dyawings are not necessarily to scale, emphasis instead generally
being placed upon illustrating the principles of the invention. Various embodiments of the
present invention are described with reference to the following drawings, in which:

[0010] Fig. 1 illustrates PID from a plasma process;

[0011] Fig. 2 shows a circuit in accordance with one embodiment of invention;



[00101Fig. 1 illustrates PID froma plasma process;
[00111Fig. 2 shows a circuit accordance with one
enbodi ment of invention; [0012]Figs, 3a-c illustrate
top and cross-sectional views of a circuit in
o012 SE350ER5 LG5 FRRSL TENN Sl ik 1F o PUEO flcordane with one
anot her epbodi nent of the invention; [00141Figs. 5a-b
embocilmeag?tfta@ HVEBPOand cross-sectionai views of a circuit
i n accordance to anot her enbodi nent of the invention;
[0013] 00158 H gewsesitsuil 2aadeorddngs widitamothep embedimeonf offthevmivagtion;
a circuit in accordance with one enbodi ment of the

[0014] NVemEd GA-b A0S HORBARE BSss-sdS@odal ikl BF b @ir€uifinPicO6@8iSce to another
of formng a circuit in accordance wth another

embo&HRACLFEL InvRhd e 1 nvention,

[0015] Figs. 6a-b-12a-b illustrate a process of forming a circuit in accordance with one
embodiment of the invention; and
[0016] Figs. 13a-b illustrate a process of forming a circuit in accordance with another
embodiment of the invention.

DETAILED DESCRIPTION OF THE INVENTION
[0017] The present invention relates to reducing PID. Fig. 2 shows a circuit 200 in
accordance with one embodiment of the invention. The circuit, for example, is a part of an
integrated circuit. The IC, for example, can be dynamic or static random access memory, signal
processor, system on chip, mixed signal or analog device such as an A/D converter or switched
capacitor filter. Other types of ICs are also useful. The IC, for example, can be incorporated in
communication systems and various types of consumer products. As shown, the circuit includes
a primary sub-circuit 210 and a protection sub-circuit 260. The protection sub-circuit reduces or
prevents charges from being trapped in the primary sub-circuit. In one embodiment, the
protection sub-circuit provides a shunt path for reducing or preventing charges from being
trapped in the primary sub-circuit.
[0018] The primary sub-circuit, in one embodiment, comprises a primary transistor 230. The
primary transistor comprises a first type transistor. Illustratively, the first type transistor
comprises a p-type transistor. Other types of transistors, such as n-type, are also useful. In one
embodiment, a first well of a second type is provided on which the primary transistor is formed.
For example, for a p-type transistor, the well comprises a n-type well. The primary transistor
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DETAI LED DESCRI PTI ON OF THE | NVENTI ON [ 00171The
present Invention relates to reducing PID. Fig. 2
shows a circuit 200 in accordance w th one enbodi nment
of the invention. The circuit, for exanple, is a part
of an integrated circuit. The IC for exanple, can be
dynam ¢ or static random access nenory, signa

comppisece s gatespd fieshtywe diffugion migied 24DaHhalThe firstgateofpr example,
devi ce such as an AID converter or sw tched capacitor

incluliéd & &rst g4tk BREtrdINER 0fd d St gi€0alls 038ISEf dile embo@inkeat, the first gate
for anple, can be incorporated in comrunication

. i y h_ d i
O B T Y Rl TSR PR, RS thifnegsgg orealso
usefllznd a protection sub-circuit 260. The protection
‘ub-circuit reduces or prevents charges from bei ng
trapped in the primary sub-circuit, in_one enbodi nent, .
[001%]he gy et teamingl B Q:?%téa FEcytisvraried tp tbp gate cfpgirpdd @frthe primary
reduci ng or preventing charges frombeing trapped in
transistve. Phe nemtyol serbrigal iccnupled 04 8diTe cpntackedSy. First and second circuit
sub-circuit, in one enbodi ment, conprises a prinary

termih#l82S6 8hOL5PBQ.coupled B theRIfYusidraRsions.0r conprises a
first type transistor. Illustratrvely, the first type

[002(@r angl 34c8Fdan0Rkth DS eﬁb%iﬁ%ﬂ?oittfl@ﬂﬁ)eﬁﬁ&ﬂ the%rPt%Etli&ysﬁ%%ircuit is
f transistor such as n-type, are also useful. Tn one

enbodi nent, a.first well qf a secqgnd type is .provided
°°“P'6a?‘?/\ﬂﬂedﬂp‘tt fEmpRa! 3g @ﬁ%@?&‘f"é‘? 0? i) f‘raﬁ%g"r' In one

exanple, for a p-type transistor, the well conprises a
embodimgiethgratectiprsubrciragt Gormpraggs p Praectionsaprditons ke frptestion

gate and first type diffilsion regions 240a-b. The
capaditior,gbr gaieple, fcompexasngpretection tralgssta X70r She gadtection transistor

el ectrode 235 and a first gate oxide 238. in one
compBRBOHETBAL EFTE A@ndistos tFGakempl B sEéHﬁH&%ﬁeQ?ax@isfdr t&thprises a n-type
t hi ckness , Typically Tl is about 3-7 rim O her

t hi : es. | s . 0] o) . na

cans O SKDETREHAES PSR S50 bITHBL SRR SRR e scond
t he, rina% transistor. The control termnal is )

type EHEHIEE gag-@%{r%qwt%\ﬁhlf& € PHRAnHIAnSIStofHy 2 S¥Rfgansistor.
circuit termnals 256 and 257 are coupled to the

[0021d; f f Wk¢ protecéign trassiftooXBhnrisene gate dad sesond tipeshffusion regions 280a-b.
enbodi ment of the invention, the protection

The @tdincliudedt decosd gaelpkidd 2V® atidigate BRUtrodec 731 faparatiek thb@ate electrode
gate electrode of the primary transistor, In one

from SERGHBRM trardsR&rRo@} 863 isqhe SiBnE %5@ WkideC mﬁ)hﬁﬁﬁifog rgate electrode is

protection capacitor. The protection capacitor,

S e TN g -

transi stor. For exanple, the second type transistor
295, é’bﬂ’ﬂﬁ' ¢rabedineny, {lvﬁ)éotpthagq ¢Jectigdle iscqup dﬁ}epwﬁhe control contact
transi stor conprises a p-type transistor.

and thd prenarztgateadlscirodbe Thesmwnud gatp exide ansipssasra seaondgbichness T,. In one
p-type transistor while the prinmary transistor is a

embodirthetRETtis B3StHah AN Preferably, the second gate oxide comprises an ultra-thin gate

oxide having a thickness of about 0.5-2.5 nm.

[0022] During processing of the control contact, plasma charges are generated. The second

gate oxide of the protection transistor, being thinner than the first gate oxide of the primary

transistor, provides a semi-resistive shunt path for the charges to flow through. As such, these
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10021] The protection transistor conprises a gate and
second type diffusion regions 280a-h. The gate

i ncludes a second gate oxide 278 and gate el ectrode 5.
Separating the gate el ectrode fromthe protection

transi stor_haody 263 is t.he.secon e oxi de he -
charedy B0 B n e B delSotite S RGO RpE T s s sty avoiding

gate electrode_and the protection transistor body is
perforgigign esgradgtion kg PROBLY HANYSHE - enbodi nent, t he

protection gate el ectrode is coupled between the
[0023]contHigd. 3e-brshaettommut] ¢rhes-gctineal wigyat & aglogitdr aftha. [ Cldvataining a

second gate oxide conprises a second ihickness 12, in

circuit®ue if AQAdARE tvithlond ehiboldBsént LRER idvenfoff @r @lbkiYate 80%on which the
second gate oxide conprises an ultra-thin gate oxide

circuitqé‘%rﬂ}%d?i‘s %ﬂab@%@e*ﬁﬁe Jk%s f%t"%or%z(érhﬁle?c{ﬁé}gﬁseg Qgﬁl%l)pslﬁﬂsﬂgte, such as a
processing o he “control” contact,’ p nma charges are

) generated. Thend gate oxide of the protection .

lightly{oRRE PSY B SUOHER g LK fFRe OF REFIRIFS. RER &t S seTborstlatos{SOD or
the primary . transistor, provides a sem -resistive

siliconsgrummanipat, hrefadgo wskhBilc Pafiged on thef Jubwirath prsuat. andsegudlactive regions
these charges are trapped in the second gate oxide

for thel pr6teeish &fd frivBardistblcirgait £260xiarde2 10t he beOYmavdih@hi)ghe primary sub-
perfornmance degradation of the primary transistor,

circuit[cgggrﬂsgg :gﬁri?légﬁtpﬂn%ﬁﬁ)\?’ﬁ%@ Rndfg frofeeton ﬁtﬁ)t-%lgcg@tl cr(])}ﬂp‘?fﬁ@s eplgrotection

a tron o contalning ‘a circul
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provi ded. The substrate, for exanple, conprises a
types ¢fi trgnssivrsgstseaseful.such as a lightly doped p-type
substrate. O her types of substrates, such as silicon
[0024]on iSeparkhah®the @SOR @picsislarcioolagen raunsB08aleoad aabodiment, the
useful. Defined on the substrate are first and second

o AR B 5L O . 0 s oo

. primary suh-circuit conprises a primry transistor 330

]Egmngﬁﬁﬂﬁﬁ%w%ﬁgtection sub-circuit conprises a protection

capacitor_in the formof a transistor 370. The )
[0025) ¢ aAdissanst sscondovelbscalmpng 3 18atp proayidedaréhe fophand segprekactive

of transistors are also useful. [0024] Separating the
regionacThe érst egilansipases 4 sobad-tygre dopgd ord fBO8{irst+ty@n@otection transistor;

enbodi nent, the
the second well comprises a first-type doped well for a second-type primary transistor. The first
type, for example, comprises p-type and the second type comprises n-type. Alternatively, the
first type comprises n-type and the second type comprises p-type.
[0026] A primary gate conductor stack 333 is provided on the substrate. In one embodiment,
the primary gate conductor stack serves as the gate for the primary transistor. The primary gate
conductor stack includes a primary gate electrode layer 335 over a primary gate dielectric layer
338. In one embodiment, a gate contact layer 311, such as metal silicide, is provided over the
primary gate electrode layer. The gate electrode layer comprises, for example, polysilicon or

metal while the gate dielectric layer comprises silicon oxide or oxy-nitride. Other types of gate
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i sol ation regions conprise shallow trench isolation

(ST!') regions. Oher types of isolation regions are

al so useful. [0025]First and second wells 315 and 318

are provided in the first and second active regions.

The first well conprises a second-type doped well for

a fi rst-té/_pe protection transistor; the second well
electredsand; gagasdiglepiricanatenjale argappsscuseBill Féoexampise thergiet glparode material

primary transistor. the first type, for exanple,
can cangprpeisasl, peavlpelopadipdlisilis@s; andoped pelyeilizph,i B&s] silidiydsuch as

Alternatively, the first type conprises n-type and the
nickelSEERN] or bR sGEHRY TiNE TaPTAN BRd ThOBZ Gl Ed PRE Xieﬁ@ttrrrcr?laterial can

conductor stack 333 is provided on the subStrate.

conpfSIAHLBER o5y LTI B0 S, GRBPHCTIRE o5 i over

ri at e condyctor stack . includes a primary gate
compfies g dBiekager 1345 BUEHATIP It AERY ST (el Biskpies ar also
| ayer 338. in one enbodinent, a gate contact |ayer
useful3 £irst &ipe Hifhtsioneegions di4 @a-bl ere prgvigedini te secone activiegegion adjacent to
primary gate el ectrode |layer. The gate el ectrode | ayer
the gatapdusesstadko forgXagihl rinY Wahdisteon or nmetal while the
gate dielectric |ayer conprises silicon oxide or

[0027féxyl'lﬁ ke fidBactiFk I?@g’i?ﬁ,XH@@rog&{ctigﬁ‘Erﬁnsfiﬁkr.eig E&rﬁ%ﬁ %?g?eg?rh?%dément, the

ielectric materials ar SO use or exanp

te electrode. material can conprise netal,.  heayil )
eate ol it SR LTSIl <Ot ol Evr s Ao HaleSeah prdlestion gat
.. such _as nickel silicide, or netal such as Ti N, Ta, TaN
oxide gffy Thpspirteclipn pae elestrodn is fenmeadeadens the peie epndictas aer the first active
_ conprise xynitride-based materials such as silicon
regiongy phe pinbediniFht thyabp sdifeleedithid proteatier gatopjectradess @aoplanar with the
first thickness Ti. Ti, for exanple, is about 3-7nrn.
top suffhdeasf thrpiBgSEeSelatiRodR] $0 ons@hbddimBAt, 8 bottdtR Surface of the protection
di ffusion regions 340a-b are provided in the second

gate el?&%dé% bEGWA b RLRGEPLe bPiHe ?ingﬁg gatg %%?ﬁ&% oéaff’slsxﬁtﬁe protection

ormng the primary transistor.

active region h rot egti.on transist s formed. In

sate offfie |/ eee hitRal de STen Bt BB B r-oht eradlr ot 0.5
conprises a protection gate electrode 375 and

2.5nmp Sgeaglty pdigiasien ssaiens @%g-.b arp propiidsddn thedirsigetise region adjacent to
el ectrode is forned al ong the gate conductor over the

the prdtéaton gatet formingethe protedtionarsiewbodi r at he top surface of
the protection gate electrode is coplanar with the top

[0028]s ur aagieleerrictiiyRr BRS (Bry¥vidad §V&|tﬁ§%2{t9 86hdubfdr, QdSering it and the
enbodi ment, a bottom surface of tThe protection date

bstrfib €6t d RE 1 t urface of th ri.

SUDSH At e e{ﬁectC 3 %c]%,?ér gé\}(g gsl E‘gr etg(%emp ger 8 %?: {nlt%fnevﬁla 1@1@(&3?@1@@&@& ’

. .haye a seco thi ckness T2 which is less than T T7,. i

isolatigihe aaiHe Lo eotial Y S 2b96 e SoBRROR ippiact 357 i located in
di ffusion regions 380a-b are provided in the first

the ILI3 daviep copplénigohe atijrategate eondukior by ofiest corshicyet kne 38 whinly serves as
the protection transistor.

the control terminal. In accordance with one embodiment of the invention, the protection

transistor is located between the gate conductor contact and primary transistor. Additionally, a

well contact 391 is provided in the dielectric layer, coupling the first active region to ground via

a second conductive line 394, where charges can be discharged or shunted to ground. The

conductive lines, for example, comprises copper. Other types of conductive materials are also
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[ 00281A dielectric layer 385 is provided over the gate
conductor, covering it and the substrate. The

di el ectric | ayer serves, for exanple, as an interievel

di el ectric (ILD) | ayer, isolating the transistors from

usefulr Ig?lgtcgggdcﬁIVF ? \ég%ert"g‘ ggcg%%l ai%ﬁ gﬁ%lrﬁéso %(r)&’ rr‘gr b 0‘85]5' A prgtectlon

.conductor to a first conductive |ine 350 which serves
transigQr-t he control ternminal. In accordance with one
enbodi nent of the invention, the protection transistor
[0029] s |loeataétdrnbgvaverabodimenty dteeicoi dac iroprpooait adctiplamell configuration.
primary transistor. Additionally, a well contact 391

The trige PeR\¢hAl 86 pidvidddeotline ne§pé tréndia¥ern aGapRIWdlDcdnfi@uration, a deep n-
irst active region to ground via a second conducti ve

well 1% f())l%@ld%g by 1814?_%[ g’g% ﬁl% \Pg@fPll B vl Ciﬂ@ﬁ%g& cﬁfﬁ;sﬁgﬁ' Hatg?(gls are formed.

groun I nNes,

ri ses co Clher ty es of .conductive usefu
For exPG 3n Akt Vel 18] Hodherateh %@awtsrr‘gla}ﬁla iShYy W&?&?ﬂ&@éwr includes a
flow ng through the protection transistor. 100291l n n
deep raiveBBhat i-vellGrb edil mefipe difeiosiregians 3&arb. i Heoiriplraelbcan
triple well configuration. The triple well can be

alternfthv@Wt Bkeprol led titiethe ptiytaey §ubadisjusitfor applidati@stwlicpd theWweinkary transistor
configuration deep n-well is provided which

compERS AP §%§n%§8rp well in which the n-type diffusion
reglo are torned. For exanple as shown in Fig. 3c,

ction.tr ist or e tranpsistor
10030] ey ok S visdt g in Sice e SeamipRgndgh B h¥ation. The
dlffu3|on regions 30a-h. The triple well can
circuitp fQregxaBIPiy & 3/Pasboirohd. dEk Fitspittinainplapi Yie sipuie py Kigi ¢ except that
for applications where the primary transistor
the preteogur spscieornd tlyp@otectos sigt-arcfitd Skjrkedgo tie showsteaminal 250. In
circuit 400 in accordance with one enbodi nent of the

one eﬂlB(YCEHl'éhlo the pBRclbd Géﬂahtorfc%hlp?i’é@é@bl%teck@n #aRaétbr 210. 80 body 463 of
C. The circuit is simlar to the circuit of Fig. 2

{ I
the prot)égt%é} trl‘%%?s'tiorllg g% lé)({ t%gh ggx%tﬁoef@@) ?r 4 S' gb%%ﬁgﬁﬁeﬁg{ecﬁ%l capacitor,
leakag BB EPOIeSHER SO DA ST OA 64 BY VALK, improvine
protection transistor is coupled to the control input
perfor@®@ce Bthslsorvit.ng t he protection capacitor, |eakage
through the protection capacitor during operation can
[0031pe amgs .gad shoﬂ@trog\ahﬂ greelt @iomaNeGewobf & Pertieho€ h IC containing a

100311Fi gs, 5a-b show top and cross-sectional views of
c1rcu1@5@)(}1§1 cg&dgﬁce%‘[ﬂ gh&&ﬁn%@d &%H&ﬂh? an%HﬂlJn SAR dl&ult shown, is
rdance with o d e Thvention.’ The

- uit, . , Si to that i n. Fi

similaf ﬁ%ﬂmlﬁ 6% Mt Seep dbie e 58 Taeid e ekl 391 are

391 are coupl ed ﬁg conductive |line 550, shortlng t he
couplesbosoerndnetive ke 1 Hk sewting dle seppist weld taniha gpntralGopa termgeal.

6a-h - 12a-b show a process for formng a circuit 600
[0032] n ddigaraane é2mbtshowneprocess for forming a circuit 600 in accordance with one
embodiment of the invention. A substrate 605 on which the circuit is formed is provided. In one
embodiment, the substrate comprises a silicon substrate. Other types of substrates, such as SOI
or silicon germanium, are also useful. As shown, the substrate is prepared with first and second

doped wells 615 and 618 corresponding to first and second active regions. In one embodiment,
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enbodi nent of the invention. A substrate 605 on which
the circuit is forned is ;provided. In one enbodi nent,
the substrate conprises a silicon substrate. O her
types of substrates such as SO or silicon germni um
are al so useful. As shown, the substrate is prepared
wth first and second doped wells 615 and 618
the fisowe B spmpdisesp teoord-typt dapail welt amtithastdond wellgoopsises| anfirst type
one enbodinent, the first well conprises a

dopeSRERNTo tyRe tHOPE, vaiventaial IoAempREEHidn EhhiqGePidhee Smlantation
first type doped well. To formthe wells, conventiona

o i i . _ , oo .
wit L PGB! ORLSEATLLERs ol 88 L AL b
ctive regions are al sq useful . [.00331]lsolating.the . :
100338ct  51ef B P Srefum et BT LI EBAS OB e HEs e e isolaion
_ Substrate are isolation regions 608. The jsolation .

regionselfi8o nkhe iselptienesisns, forowpile somprise 8 rsaons. \Mamigigsonventional
conventional processes can be enployed to formthe STI

processegicambe efployed anfola thd $1El iepglont.r Boreexampld) theastibdteatk can be etched
usi ng conventional etch and mask techni ques to form

usinglcoRNGBAa MM ICAh dBh &skitB@Riduel tebrtitkeRcklis@lIBad drk ehen filled with
mat eri al such as silicon oxide. Chem cal nechanica

diele%riq%e *négel : 951{0 s)silﬁ:gﬁ ogﬁa.u t&gg%ﬁc%l ﬁlgéﬁ%é?cgfécﬂgﬁﬁlg (SSMP) can be used to

¢ matérial an rov
surface with the syubstrate.. The STl regions can be
FemOYTFEE i 57 TIG AT ADSh{0 RSP ViCH A GIAnAF (OB VNG I IhgShBipate. The ST

of the doped wells. 100341Layersstack are fom ed above
regionsheandgfertmert, &r eRAmplyapiorsod e kiterftbe fargatiph ef the dapad wells.

a first gate oxide 638 and a first gate el ectrode 635.
[0034t heLayteypegad stgeld e Sdrarkabavethalssistiase e gaRstzhofon example,

the first gate oxide conprises a thickness T1. Ili,

ol EEATEE s AOSH  F st gt e S o

thi cknesses are.al sqo useful . Conveptjional. techni .

also s K AESRET 2l Bl HREE Shna{RRATDekaRG K RENEHBie, s about 5
stack. For exanple, the first gate.oxide.can be_ forned

7nm, pepile fas st e@i% PRSEdsHS WRitady PheTP908 = A0A dotberciiekpgsses are also
formed by chem cal vapor deposition (CVD). O her

usefut. eComicguies! tachhigpescanfbeluagdtosformtheavasioub yers of the gag stack. For
mask | ayer 695 is formed over the substrate, covering

exampREhGFTr & Bitcddde da HRTEmAIHIRMhERM! oxidagiommatile thayparte electrode can be
conprises photoresist. Typically, an anti-reflective

om 8P o PR R B E o s
[ ' 761
oS3 B TR BT MG Bl Wit on

8a-b, the opening exposes a portion of the first gate,
embogiregnt.rthe|magh ly grgoansispgehaipiesipt. dn@iqallppipeatiggtleqtiye coating (ARC)
exanpl e, an ani sotropie etch such as PIE. Next, a
is prosiied benag#t theoxdskidayies f or med on t he exposed portion of
the substrate. The second gate oxi de 639 can be

[0035] O NBORigh. Ofa-18 XA, lay¥ id PrfefRld, &¢hisiat dndpenin® 76N &vhere the gate of

enmbodi ment, the thickness of the gate dielectric
i d ! Tvpi 5 i S 0 - .
v i it SRR B AL Y 0 OBty i
of thc{ %ﬁféﬁi@s élegt?ég@h&gteﬁﬂé \L/l?i%l(qe rclreI r%mgsé? 1\3/3?, %r e@cartn}e){e, arrrtli grh(isotropic etch
such as RIE. Next, a second gate oxide is formed on the exposed portion of the substrate. The

second gate oxide 639 can be formed, for example, by thermal oxidation. In one embodiment,
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el ectrode 974 is deposited on the substrate tilling
openi ng 761 and covering the first el ectrode.
Preferably, the second el ectrode conprises the sane
material as the first electrode. Having different

first d second el ectrodes | so.useful .. I n. Fi
the thifhdeS oY (BREREe B B 85kl o rS R HGINY 57 gRhT 25 nm
CMVMP, providing a planar substrate top surface between
Other thpgknesses areiep wWweldnd gate el ectrodes. [00371Referring
to Figs.the substrate is processed to formprinmary and
[0036]pr otReddriiog td Famsiash,ahs madi0]lagadis 9tBoveidn Adiee neash octhoreita second
the process includes patterning the first electrode to

electrdd@ oM @ MPoRBED oDt BubRREY €111y %ﬁingﬁ&ﬂ SnBCOMRIEBShe first electrode.
primary and protection gates. After patterning of the

. . , . . e
Pt SpE AL R b L RO0 RSOV P T L i
h ' [ .. Th [
diffreg FrhSnErepaYF RSO GB0BEIB VTG ARY dvpd 020 byt is planarized by,
heavi |y doped regions of the first polarity type and
for exarhjde sEbidn dradidifigis ipbmar edisoats t@uQatage bampen dw firatarid sgcond gate
doped regi ons of the second polarity type. The doped
electrgdegi ons can he fol 2ed by ion inplantation. The inplant
can be self-aligned or forned using an inplant mask.

[0037]01 h ?{eférﬁ?lgl@(? ﬁ%ﬁg lfa%, tlfléjglfﬂlsﬁlgteti@ﬁ{)g%szsécg%g&mﬂy rpﬁ%a?% gn@ﬁl%tection

al so use ectric spacers can

.for 0 ate sidewalls. A contact |ayer .91,1 n
transists P oo B B eqaeTigs B ATSER haplss Y grmind i Hectrode
conpri ses netal suicide such as nickel or allaoy
to formg p@riauRy eetsepnduped3gf Tdhonpraduces ajiersy ardkepratesbon gatps| After
[ 0038] Fi gs. 12a-b shows a dielectric |layer 985 forned
patterrongof the@aswoatinabe fire avé secogd tdiftusioraregiont aresformbé®in the first and
di el ectric layer can conprise, for exanple, silicon

seconddtd refbheldideReS 8 pi&lieatahll 9rlﬁﬁ¥}ﬁ‘%_dté§ STheSt&Ndi@®sion regions
silicon oxynitride, are also useful.” The dielectric

| ayer can be formed ysin arious.re ique such

o80a- 585 oy bRl e Felsh B IRGME Ry G TRe sccond

. 100391l nterconnections are fornmed in the dielectric

diffusippyegiony Hlgriecammstginneity, dansd resipey dohneconorslarificiviee The doped
gate conductor and well contacts 953 and 991. The gate

regiong omube foomed bptiacimplanteup| €k ingplantfchn bt salbabigretdi ordormed using an
line 950 while the well contact is coupled to a second

implarf @REKC UNE tédhag 89 for thin@RehLaBREGbAB L ond € afsbfuSéful. Dielectric
conductive line serves as the control term nal and the

[ ' [ 0 t
spacrS PR NS ] 005 REUBL . Y1) can e fomed on
the gaigo B CPTPE Yol 855 BBy FHGPAES FHE GO Ieotioh BF RicKalcr Alloy thereot.
O her interconnections can al so be formed. For
Other gyaspf eontachiaesonnelbeiuesfsl.t o t he diffusion regions of
the primary transistor (not shown) can al so be forned.
[0038][ 040jipéan2obshb e hdicetdsc Badr P& wsaed beerftiod sabstigte, covering the
i nt erconncctions, suchsingle danascene or dua

transisHRTRSHERRILRENAL QUSSR - oﬁgy?is@,%ld%w NE] ofi QRIRC (B types of
C per(& r i

an conprise Co t'ypes of conductive

eSS AU S St 0 B8 Lo b P o PG b canv
different materials, for exanple, tungsten contacts )

formeypeing sl thehmédies Teh g W&ganléﬁhqrﬁ@g@mdmwrrﬁlm@ée annealing.
I C




[013411The process described above is just an exanple
and not necessarily in sequence. The invention may be
enbodied in other specific fornms wi thout departing
fromthe spirit or essential characteristics thereof.
The foregoi ng enbodi nents, therefore, are to be
considered in all respects illustrative rather than
[0039] i i Intergpnngetiqns wesiorsed iethe didirstrilayei An oSt epbodimentythe
invention is thus indicated by the appended cl ai s,
intercomteoBong inelndbgatt kendwtegad gl cdemctsiops and 99 BnThegdte conductor
changes that cone within the neaning and range of

conta®G3leMPlNGY Mkt donBual il 930 SvHiRHENHEH cbRadiSs &ﬂ?[éﬂng second
CLAI M5 A net hod of

therein. [00421What is clained is:
i Lr Cui . [ ci reuit (| .

condab LTG0 Sl 885 80 S AL precpyl i
f ot ned; defini first and secqond. regi.ons on the. .

and th Gy ofSuci Ml 1o Couplsp aipuad ey vy O dhe Wi in Figs 13a-b, the
first region and a protection circuit in the second

gate cordyict an€l fellmostagistaroepminpelyicoupled troupinddctive lineed50 serving as the
primary circuit, wherein the primary circuit

controt carminad e Otleer friterratinectio NSNS Drbedbrmeds 6 REarhylRintdicohnections to
primary well of a first type in the first region, the

the diffhdiOPFepidils 0 Helprindy lﬁqﬁﬁstt%ﬂ g{oib SRwh) 98t BsQBé ﬁﬁ'm?fi a

first thickness T, rotection circul

0 ' tection transistor. of a first ty in.a
(0040 P CH TS A hiopSe et be lsBAR O Mo isonnC diowsrich Ay
the protection circuit includes a protection gate
damasgsiess (ol SAEAsERIRde T QeRe She FORdHAR e angentagigAorgxample, can
the protection gate oxid.e traps eh ges to reduce
comprifegoneeti Kiberdérpasadageductive hetepialsmae glse iseduli dt is Zurfhee understood
nmet hod of claim| wherein formng primry and

that thpcoftects iandlihdsasag ibs tiexise dofedt diffeeént infHtdHalg f@ @ainle, tungsten contacts
conductor serving as a conmon ate of the piimry an

and coPpOLIGEE! Phe bRBS DhBhks to form the IC.

[0041] The process described above is just an example and not necessarily in sequence. The
invention may be embodied in other specific forms without departing from the spirit or essential
characteristics thereof. The foregoing embodiments, therefore, are to be considered in all
respects illustrative rather than limiting the invention described herein. Scope of the invention is
thus indicated by the appended claims, rather than by the foregoing description, and all changes
that come within the meaning and range of equivalency of the claims are intended to be
embraced therein.

[0042] What is claimed is:
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The method of claim2 wherein the protection gate is
di sposed between the primary transistor and an input
term nal of the circuit. 4.The nmethod of claim3
wherein: the first type conprises p-type and second
type conprises ntype; or the first type conprises
n-type and the second type conprises p-type. 5. .A
nmet hod of formng a seniconductor devi ce conpri si ng:

provi di ng a substrate; 8% a circuit contro
term nal the substrate; ¢ Agnlnary circuit,primry

CIrCUI rises a r tran istor Qf a first type
LG opebed S Brmiers b oTBt ek BEEHE RS cofmeS R

CIrCUIt having a primary control term na

t h@&Veding gpybs rht@IOE}d’é@th 1¢ ispfoymeshit e oxi de of a first

thi ckness TL, the primary control term nal coupl ed

t oclefiwing first emd segbnd wgronk/by thegmbstrate; and f or mi ng a

protection circuit, the protection circuit conprises a

pr dbredig ®prilbansicaiton theffire rsgooad & prpecdors@asadn the sacond

protection well of a first type, the protection

regi6i, ltEdiprbtebao Agtua iPEQipREttb et iy elrcdieviteieal , the
protection circuit includes a protection gate oxide of

a second thi %%&J irWh GhprRed ?ﬁg&&%é‘f&tor &tesecond type

protection circuit 1s coupled to primary circuit,

n_Lhe Bl 2bRRkNADIP Sl e ERR: RYRIER i $HGE

includes a primary gate oxide of a first thickness T, and

the protection circuit comprises protection transistor of a first type
in a protection well of a second type in the second region, the protection
circuit includes a protection gate oxide of a second thickness T, which is
less than T}, the protection gate oxide traps charges to reduce plasma

induced damage in the primary circuit.

2. The method of claim 1 wherein forming primary and protection transistors
comprises forming a gate conductor serving as a common gate of the primary and

protection transistors.

3. The method of claim 2 wherein the protection gate is disposed between the

primary transistor and an input terminal of the circuit.

4. The method of claim 3 wherein:

11



i nduced damage in the primary circuit. 6. The nethod
in claim5 wherein the primary and protection contro
termnals are corinmou |y coupl ed. The nethod in
claim6 whcrcn die protection circuit is disposed
between the circuit control termnal and primary
circuit. 8. The method in claim5 wherein the
primary and protection control termnals are commonly
coupled to the circuit control termnal, the

tjon control tern1 osed bet th
if t%@%??%@“?%?ﬁﬂﬁﬁp ﬁ@ngi&ﬁ§9§mg%ntr§P’te$n1nm
9 The nmet hod in cIa|n15 ere| the ttection well i.s
couls Gt bee SrERIFES DS, and 4P SOTSETH-Piher ei n

the protection well is coupled to the circuit contro
termnal, |, The nmethod in claim5 wherein: the first

5. ¢ y %m%&'&ﬁ quﬁﬁm% 4 %Hﬁcﬁﬁgctéle&‘?/m cb¥Bhsif@MPr i ses

ype conprises n-type and the

second type .c rises p-type. | 2, The nethod in claim
5 ﬁﬁ%?@?égs?mﬁn%rinary transi stor includes, a

gate stack wi.th a Prl rrarlong[ﬁlte et! ectrod. e over the

pr ifAERE g&irerinsoogel teapga SibSrse;

forming a primary circuit, the primary circuit comprises a primary transistor of a
first type disposed in a primary well of a second type, the primary circuit having a
primary control terminal, the primary circuit includes a primary gate oxide of a first
thickness T), the primary control terminal coupled to the circuit control terminal; and

forming a protection circuit, the protection circuit comprises a protection
transistor of a second type disposed in a protection well of a first type, the protection
circuit having a protection control terminal, the protection circuit includes a protection
gate oxide of a second thickness T, which is less than T}, the protection circuit is coupled
to the primary circuit, wherein the protection gate oxide traps charges to reduce plasma

induced damage in the primary circuit.

6. The method in claim 5 wherein the primary and protection control terminals are

commonly coupled.

7. The method in claim 6 wherein the protection circuit is disposed between the

circuit control terminal and primary circuit.

12



first and second primary diffusion regions adjacent to
the primary gate stack, wherein the gate el ectrode
serves as the control termnal and the first and
second di ffusion regions serve as first and second
circuit termnals; and the protection transistor
i ncl udes, a protection gate stack with a
protection gat e electrode over the protection gate
OXI first second rotectlon |ffus on
ﬁggﬁqﬂ ingli S rin T BT PERD 5&@0%%%99
the protection gate el ectrode serves as the rotectlon
compgyrly equpledrtarhigaireuit gantrof pamiral Haprriscégneganiretierpigplei n
the protection well is coupled to ground. 14. The
dispeetdimtivean the arawit t8ntldemiinal and grifprystontrglgerngonpr i ses
p-type and second type conprises n-type; or the first
type conprises n-type and the second type conprises
p-type. 15. The nmethod in claim 13 whergat | acks o he
9. PriTRMmYetBditinRI@h 6%h@ﬂn&lﬁs§ﬂ’éte§ﬁ&f welf RrcbuEled DEFBUJgat e
conductor. 16. The neth in claim12 wherein the
protection well is coupled to the circuit contro
term nal . The nmethod in claim12 wherein gate

10. St aﬁl@%n&ﬂocf F%la%ﬁ'SWéfelﬂ@Ige ;ﬂ%&&@&} \5\/8[‘15 cf)ﬁ'ﬂéd fHRE glréu?trc%htrol

common gate condu

8.

terminal.

11.  The method in claim 5 wherein:
the first type comprises p-type and second type comprises n-type; or

the first type comprises n-type and the second type comprises p-type.

12. The method in claim 5 wherein:
the primary transistor includes,

a gate stack with a primary gate electrode over the primary gate
oxide, and

first and second primary diffusion regions adjacent to the primary
gate stack, wherein the gate electrode serves as the control terminal and
the first and second diffusion regions serve as first and second circuit
terminals; and

the protection transistor includes,

13



13.

14.

15.

A nethod of fagrated circuit conprising; providing a
substrate; formng a. primary circuit on the
substrate, 1lin the primary circuit conprises a prinmary
transistor of a first type, the primary transi stor
includes a primary gate oxide of a first thicknessand
formng protection circuit on the substrate coupled to
the primary circuit, wherein the p tection circuit
conprises a protection transistor of a second type,
protection transi stor_i ; ' ide
of a second ?H’i'oiéf? ] %%at?%%{:/\l%ggﬁaﬁg&%cglg)g%ﬁsgn&ﬁﬁego@ﬂhg
wherein, the 1fi)rot ection. gate oxide traps charges to

reduce ProfshA BHAGEES Wdnage in the primary circuit.
19. The nmethod in claimtt \_Nhe_%ipnthe. ri(i]rar aﬁ
protection cfipstaid ssceshpipiey T reBOMAFHAS t\ﬂﬁ ¢h
are comonly coupled. 20. The nethod of claim 18

wher ei n pfatection gatp siagiarwhezgilths pertection gatereesiegestepyes as the

conprises fog a gate conductor serving as a common
gat e of ptdetipn comrof temechapr ot ecti on transi stors.

The method in claim 12 wherein the protection well is coupled to ground.
The method in claim 13 wherein:
the first type comprises p-type and second type comprises n-type; or

the first type comprises n-type and the second type comprises p-type.

The method in claim 13 wherein gate stacks of the primary and protection

transistors form a common gate conductor.

16.

The method in claim 12 wherein the protection well is coupled to the circuit

control terminal.

17.

The method in claim 12 wherein gate stacks of the primary and protection

transistors form a common gate conductor.

18.

A method of forming an integrated circuit comprising:

providing a substrate;

14



forming a primary circuit on the substrate, wherein the primary circuit comprises
a primary transistor of a first type, the primary transistor includes a primary gate oxide of
a first thickness T,; and

forming a protection circuit on the substrate coupled to the primary circuit,
wherein the protection circuit comprises a protection transistor of a second type, the
protection transistor includes a protection gate oxide of a second thickness T, which is
less than T, wherein the protection gate oxide traps charges to reduce plasma induced

damage in the primary circuit.

19.  The method in claim 18 wherein the primary and protection circuits comprise

control terminals which are commonly coupled.

20.  The method of claim 18 wherein forming primary and protection transistors

comprises forming a gate conductor serving as a common gate of the primary and

protection transistors.
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