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Polysilicon Structures Background This invention
wo edoatesicgeneral ly to the formati on of pol ysilPCDUS2003/030118
structures including the formation of polysilicon
gate el ectrodes. Conventionally, polysilicon gate
el ectrodes are fornmed by depositing polysilicon 5
over a substrate that may be covered with a suitable

gate dielectric. ThgmaR paldilicsui®i:eyial is then
doped, for exanple, using an i1on 1 nplantation process.

Bac!(%rd.uﬁdt hen necessary to define the polysilicon
erectrodes fromthe doped polysilicon layer using ,
et cHiis (veradmictptessgentialipe tethe femuition 9f pelysiticorostyusiuresigpluding

resents.si.gnj.ficant hal | enges. These chal | enges
thef? a 8%0%%'3:?1115?“&%? ge‘gtﬁ(%eai fferential etch bi ag
| S SO§ventéhallfUsolydiieneateSel activdesiare Foinhdiich yad epasitih @ pbigsiliton

pol ysilicon Structures, such as gate el ectrodes

ovenp ststreterfbetanay hexavagd otith aeutableqzat dipleetvici Jhepphyailicon
al.ysilic er al ief. [ oL, he
ma ?alvhg F}hﬁ d d%?gd&?(ér éiéaﬁxg leaﬁﬁé% alrog egﬁ)‘c’lzirng?}stiso-91 ec e|$'§c')nal Vi ew
of Jafs thebnebiessan toafefihd thefpodyaélivion elastreddsi feum die dupee polyyilicon
stage of manufacture; 15 Figureqs [ %n, nlarged . .
layerusig-ciching GAuNAWS e HORGY Fle S BIE aecf pliilicAnepresenis significant
chafilifiREIYRLL: REAAEC] MeRAERAAARER M bl ARERBOMIRR isfles.
t present 1nvention; Figutre 3 1s an enlarged
cr OBsussthetd io aaked/fodfimdcoway topforrdipaty silivofrsiguateres, sath as gate

subsequent stage j.n accordan wi.f h, one enbodi nent o
cleGHipBEH A HE Mo ROBANTESAS S DLy SReR A AR Gen materl

cross-sectional view at a subsequent stage in
BriéOS&E A Eof (RODMWiRgPNe enbodi nent of the present

Invention; and . _ _
Figure 1 is an enlarged cross-sectional view of an embodiment of the present

invention at an early stage of manufacture;

Figure 2 is an enlarged cross-sectional view corresponding to Figure 1 at a
subsequent stage in accordance with one embodiment of the present invention;

Figure 3 is an enlarged cross-sectional view corresponding to Figure 2 at a
subsequent stage in accordance with one embodiment of the present invention;

Figure 4 is an enlarged cross-sectional view at a subsequent stage in accordance
with one embodiment of the present invention; and

Figure 5 is an enlarged cross-sectional view at a subsequent stage in accordance

with one embodiment of the present invention.

Detailed Description

Referring to Figure 1, a semiconductor substrate may have a polysilicon material
formed over a suitable gate dielectric. The substrate may, for example, be a silicon
substrate and the gate dielectric may be an oxide, for example. The polysilicon material
may then be patterned to form the polysilicon gate material 14 over a gate dielectric 12, all

positioned over a substrate 10, as shown in Figure 1. Because the polysilicon material is



10

15

20

25

30

Figure 5 is an enlarged cross-sectional view at a

subsequent stage in accordance wth one enbodi nent of
wo be4psasent i nvention. Detail ed Description Re¢BUS1008030118

to Figure 1, a sem conductor substrate may have a

pol ysilicon material 25 forned over a suitable gate

dielectric. The substrate may, for exanple, be a

silicon substrate and the -@ate dielectric nay be an
undopédia subfintRXigRiSped MitenBdhed) it i be ndre ehsily et¢hayl ahden

be patterned to formthe polysilicon gate material 14
patiginefl tydefinedheishape showr imEiguig(l,  positi oned over a

S0 b B L g Bt

elthBQTdsMSmﬁﬁngﬁ@bﬂxﬁlg at Bevlals dommtlfaﬂy Soves ttleamt the Hbmng tevelsardilized
when et ched, HD g easi et ched and

to fiyzm enedaanicBican emn sl ecRastt HerS R NP PGP eq Gepgrally, these

gate aea%d@mﬂe%wd&e@ ﬁmg dobdd Akl HaWt BBSIRE cbikchfthdns!o? gheater
pol ysilicon materi al el ther has no doping or

thad bB1 hggoms pbmmﬁ S subst antially I ovver t han the doping

of HiatimaleAati4fa B bR RS R e S By 8 and a

rela§RBIStaktkef layeheg e Irgéﬁeeen%cﬁl%éxﬁtﬂlﬁesla?élel 6Qﬁ£53be§j§2{ R@ulator such as
heavi | y doped and have dopi ng concentrations of

siligpnahioxdde. Thedayer 18 may, é@rcmfﬁmp b?wglnswh@rgmleasfﬁdt@nmmde ora
6 and
coni‘blnaggﬁ g? ?a\yé%vo% Sﬁlcog%ltg g gl'l(f:l gl %}% (%{O)Elﬁé rullg %n% Og% ﬂélﬁ . an

a er n one ée t he
| ayFiie silﬁcﬂ‘ﬂi&ys}bﬂzrﬁﬁ Fllglﬁrbl Izanta@r besubjfected to ﬁ.@omdntlom planarization
di oxi de. The | ayer . ,. for exanple, be a

step) sishpse ebe@le%lﬁn@rélagncph Rlgriantian GOUBFopstatidfn 1s plagarigation may
utllizgxl?ertﬁm%r ?k&r 1543 a l&r[a'nqgtho ot d'_nlg %&b@ﬂﬁﬁ‘én‘fi eTB@sS a WRwn in

e structure shown i n ure
Fi gsnem detupgert moraorc ofthe thiclan ddyepl imay |bz a«tmomad cklmposthmlhm ght of

the?}%@%@g?%ﬂ?al ?g%grlf iﬂgng@narl zation (CWP)

The exposed portion of the thinner layer 16 may then be removed using any
suitable technique. One suitable technique is a wet etch using hydrofluoric or H3PO,
etchant, for example. The resulting structure, shown in Figure 3, has the upper portion of
the thinner layer 16 removed and possibly a little bit of the gate material 14. In case some
of the gate material 14 is removed, the initial structure of the gate electrode 14 may be
slightly higher than is needed to account for the ensuing loss of material.

In an embodiment in which polysilicon gate electrodes for complementary metal
oxide semiconductor (CMOS) technologies are involved, a photodefinition process may be
used to define n-type and p-type areas. The n-type areas may include n-type doped
polysilicon gate electrodes and the p-type areas may include p-type doped polysilicon gate
electrodes.

An ion implantation or other doping process may be utilized to appropriately dope
the polysilicon material 14. For example, when the n-type areas are doped, a suitable
dopant may be utilized to dope the gate material 14 in the p-type doped areas with the n-

type areas covered and with the p-type areas covered, a suitable dopant may be utilized to
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utilize the thinner |ayer 16 as a planarization stop

i n one enbodi nent. Thus, as shown in 15 Figure 2, the
waippandgesti on of the thicker |ayer 18 may be penusm®ds3/o30118

down to the height of the uppernost portion of the

thinner layer 16. The exposed portion of the thinner

| ayer 16 may then be renoved using any suitable

techni que. One suitable tecihique is a wet etch using

dopRXEY Rbypeidas. HmiPR Hppredifbditat mﬁ&fth@ 4aping & dohRefter the

resulting structure, shown in Fig 3, has the upper
defipisian afihegatomaiarial 14ithpeged|tagich hzw%dm@ golypidicon may be
L of the gate material 14. In case
lar§§§r’r§&lt¥ @Rfe{eté%ta?@a ‘erial 14 is renoved, the initial
st rRiefeting to Figuned gadugtableethimgtsodets may bbatilis¢d whtingve the
~higher than is needed to _account .for .the en | oss
thickeO RS AT CXAMRIS, RWEFHEAY bF Hiligfidn 05%?195?4 Mesh
gat t Bﬁ%%f'ﬁrétﬂl Pk@8tor 16 may then b
sed??%ﬁgggéggﬁicﬁgégﬁgg%%n ogi es are fﬁ@olved?ra may then be
renoied osied amartisaroppr dcte pocesaysuok as 2 8ryugeltlin anedmibiodément. As a

-type. an - e areas. The n-t ar eas . i ncl ude
restf. BBl (s PP mantasnin HRTHEBEY B tph s HdSval
spafertiY BSn@&@BSdifiRMtsi ncl ude p-type doped polysilicon gate

el ectrodes. An ion inplantation or other dopin

pr o@b@rsatn@;fy fitee thiriner lerer téomay pe epnplatebl sgmeypd for example, using
S L teri exanpl e, when the n-type
anf Otéé/ s etfﬁg%cgggc?g 180%[0 X W%tle?crh.?»o dopant may be utilized

to I@l%@ﬁleteh&)ogﬁﬁ@tmbgrsihabn idhtarial ibebp déﬁfml a@hdnﬁdeme@a&thout
with the n- type areas_covered and w

the aeedkie cichhepeidy depedpolysicend %&ﬁ@su#aghewéaw ani szttﬂ@tméthe
etcl%ggéfog%%%%aﬁﬂgvge%qg/sgxﬁg é‘lél&ttlﬁns?’ dope the n-type

recr at at since the doping is
don@hiié tl&rprtshaﬁt 1nderﬁtlon }tas baemdestxhimdgmtlerenp&oe td @limitdd number of

t h bol vsi | i '
e ot R R P PO BB kB and
variations therefrom. It is intended that the appended claims cover all such modifications

and variations as fall within the true spirit and scope of this present invention.



Referring to Figure 4, a suitable etching process nmay

be utilized to renove the 5 thicker |ayer 18. For
wezeapbaes a wet etch may be utilized in one enbOOUA®N3/030118

Referring to Figure 5, the horizontal portion of the

thinner insulator 16 may then be renoved using an

ani sotropi c etch process, such as a dry etch in one

enbodiment. As a result, a4ortion of the thinner
Whheigelaidhéd i3py remain and this may function as a

sidewal | spacer in sonme enbodi nents. 10
Alternatively the thinner layer 16 may be conpletely
renpved, g@ gu5|ng an isotropic etch such as
an |sotrop|c et tch In sone enbodi nents,

pol ysi | i pattarnivet £siubatanti@liy leloged polgslicomdnptatisleamed

W t hout _the eed to et eavi | y.doped pol ysilicon.

As a resifping ﬁBat&QE‘é‘fq H@Y%ﬂ nfné%%‘i“’gi lity of the

etching process nay be inproved in sonme situations. 15

VWil e the present invention has been described with

r es%;ect The racthpdrdf dalinn b mdyding formingodpatesitienn gatwelectrode from
5 g i% f |ntthq art will appreciate nunerous

al ‘HY? PHTEH* and  variations therefrom It is
i ntended that the appended clains cover all such

nmodi fications and variations as fall within the true
spitit aHe metbpdobglainn? snchdingiorming EHipe gad piigpe polysilicon

gat€89ééo%§4ﬁ§% ﬁ%%ﬁ&%ﬁgﬁgg 8 -4- \Wat is clainmed is:

patterning a substantially
undoped polysilicon material; and doping the

patterned polysil,i con mat nmet hod of ¢laim
1 i‘hcl udlhsgmet ?ﬁle glaim b&r‘%mg %‘B’ﬁ“@&ﬂ@ P@Ft@alﬁg BSLVS'ﬁlﬁsl?ﬁNlth a
firsPmS@kgh pol ysilicon materia

10 5. The method of claim 4 including planarizing the covered polysilicon
material.
6. The method of claim 5 including doping the polysilicon material after

planarizing the covered polysilicon material.

7. The method of claim 6 including removing said first material after doping

15  said polysilicon material.

8. The method of claim 4 wherein covering said polysilicon material includes

providing a covering including a first thinner layer and a second thicker layer.

9. The method of claim 8 including covering said polysilicon material with a

first thinner layer formed of silicon dioxide.
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3. The nethod of claim2 including formng n-type and

p-type polysilicon gate electrodes fromsaid
w@odoyes446£on material. 4. The nethod of clai mBCT/US2003/030118

i ncluding covering the patterned polysilicon with a

first material. 10 5. The nethod of claim4 including

pl anari zing the covered polysilicon material. 6. The

nmet hod of claimb5 includingdoping the polysilicon

mat gy.i al Tiaf hethod b @i H modglihideoveaing 4id fipalthinhérd laysd with a

material. 7. The method of claim®6 Including renoving
secend hickex leyeringlading siligpp 8ittidopi ng 15 sai d pol ysili con

material. 8. The method of claim4 wherein covering

said polysilicon material includes providing a

coVElr i ngThevakthdd nficlaini B istludihg renexvirgesaat thivker hyseandrieaving at

thicker |ayer.. 9. The nethod of claim8 including
lea%a\pgp}quo@éﬁdhlag?r)}quri con material with a first

thinner layer forned of silicon dioxide. WO

2004/ 034464 PCT/ US2003/030118 -5 10. The method of _

cl al2n 9 Theohettipdgf cloinef iinnjuding exposing said ipoksdicon agaterial using
) with.a second thicker layer including silicon
PlapdnZpif . 11. The nethod of claim 8 including renoving

said thicker layer and leaving at |east a portion of

said thinner layer. 5 12. The nethod of c|aim4 -

i ncldudi nBheanpibed afclaim 42 psluding plavpsizing s8id eaversginedysilicon
ma%}'iancﬁ)unzt%taldﬁ%h&r%g’tionTﬁgp @%ﬂﬁgalﬁfco%rﬂfgm 12 including

anari zin covere ol ysSI "I con

14.  The method of claim 13 including removing said planarization stop layer to

expose said polysilicon material and then implanting said polysilicon material.

15. A semiconductor structure comprising:
a substrate; and
a patterned polysilicon material on said substrate, said patterned polysilicon

material being substantially undoped.

16.  The structure of claim 15 wherein said polysilicon material is covered by a

cover material.
17. The structure of claim 16 wherein said cover material includes an insulator.

18. The structure of claim 16 wherein said cover material includes two distinct

layers.

19.  The structure of claim 18 wherein one of said layers is thicker than the

other of said layers.



material down to a planarization stop |layer in said
covering. 14. The nmethod of claim 13 incl uding

WO e0m@wB4ae sai d pl anari zation stop layer to 10PE€RpS®83/030118
said polysilicon material and then inplanting said
pol ysilicon material. 15. A sem conductor structure
conprising: a substrate; and a patterned polysilicon
material on said substrate,-6aid patterned polysilicon
mat 20.i al Thestngtige b§ tlamt il & Whygreimshig esker tfatetfal intheles a first layer

of G 8o Lot g oY SR e Bvaaerst The

structure of claim 16 wherein said cover materi al
includes an insulator. 18. The structure of claim 16
whe?ki n The sirusbe of elaine 29 aherefrcsaidipalysilicondingteiiakis exposed

The structure of claim 18 wherein one
thrélglesaﬁcfoggnﬁgtml S thicker than the other of said

| ayers. V\D 2004/ 034464 PCT/ US2003/ 030118 -6 20. The
structure of claim 18 wherein said cover nmateri al
5 i nc?%desAdn?th‘?‘%?onPl?ﬂﬁ&g of silicon dioxide and a

d al . 21.
Tho. st r UEKEmIAL s Sl pRad T bBLANG HELARLY .
mat eri al cquneg(ﬁmseblstarttiatlymgholﬁalpdl}&ﬂmen nagdrinl; al . 5

22. A et hod conpri si a rni ng a subst anti al | y
undoped HETHPS AN OPGRHN 8]"@%\?31 CREURE g t he

subst ant §&lihg/tht PAARREH ;ngféfﬁédn' rﬁ&l@rim&%{lkl?kéid opening.

10 23.  The method of claim 22 including planarizing said covering to form said

opening.

24.  The method of claim 23 wherein covering said polysilicon material

includes providing a covering including a first thinner layer and a second thicker layer.

25.  The method of claim 24 including covering said polysilicon material with a

15 first thinner layer formed of silicon dioxide.

26.  The method of claim 25 including covering said first thinner layer with a

second thicker layer including silicon nitride.

27.  The method of claim 24 including removing said second thicker layer and

leaving at least a portion of said first thinner layer.

20 28.  The method of claim 27 including planarizing said covering through said

second thicker layer down to the first thinner layer.



form ng an opening through said covering; and dopi ng

the patterned polysilicon material through said
wop®aosges 10 23. The nethod of claim 22 incl udP@mus2003/030118

pl anari zing said covering to formsaid opening. 24.

The nmet hod of claim 23 wherein covering said

polysilicon material includes providing a covering

inciuding a first thinner |ajer and a second thicker

| ay@P. 23‘.he methadenflglsamaB in¢luding ferniing said bpeninpbeetiching through

S Llico terhal, Wi.th a 15 first thinner
Sal??ir/&grtﬁ o‘Fyrr%r%ycF 5 &ﬁ ff%%%p%lplﬁf%r.nmfggl' The net hod of

claim 25 including covering said first thinner |ayer

with a second thicker |ayer including silicon.

ni t PPde. Tgf?meﬁ*wé ofslas @9 ancledipg pmplantingcsaidipolgsilieonomitegal
thr&@ REGH t hi cker layer and |eaving at |east a

%%%g?on o?ggaid first thinner layer. 20 28. The nethod

of claim 27 including planarizing said covering

through said second thicker |layer down to the first

thi nner [ayer. WD 2004/ 034464 PCT/ US2003/030118 -7

29. The nmethod of claim 28 including form ng said

openi ng by etching through said first thinner |ayer

to expose said polysilicon material. 30. The nethod of

claim29 including inplanting said polysilicon

mat erial through said opening.



