23 MARCH 2007 Form ng Polysilicon Structures Background This invention
relates generally to the formation of polysilicon structures incldQiAstH 5309
formati on of polysilicon gate el ectrodes. Conventionally, polysilicon gate
el ectrodes are formed by depositing polysilicon 5 over a substrate that may
be covered with a suitable gate dielectric. The polysilicon material is
then doped, for exanple, using an ion inplantation process. It is then
necessary to define the polysilicon electrodes fromthe doped polysilicon

| ayer using etching techniques. However, etching doped polysilicon presents
significant challenges. These chal |l enges include known profile and
differential etch bias issues.FomingPulsilicdoBfuctuies a need to find a way to
form polysilicon structures, such as gate electrodes, w thout necessitating
t he etching ddackground | y doped polysilicon material. Brief Description of the
Drawi ngs Figure 1 ; : - L : I ment of
the present i nveﬁ?g‘%&é@@éﬂés%g%@w %?gegfgﬁgd;l&ﬁgﬁﬁlr ézglil:ctg %@F@%@%#e 2 is an
enl ar ged cr oskefarmationef polysilicengatesteeteodrondi ng to Figure 1 at a subsequent
stage i n accor danggveiibfail) poly SR shd @ddfrodef arl RS a6 kitingPyBAfidoRN;  Figure 3
s an enl arged cross-sectional view corresponding’to Figure 2 at a
subsequent’ sto¥gj@ Sibstracthy man P vered: Withssaitableigerg c. gthe piBsilisPresent i nvent i on;
Fi gurg 4is grgteﬁﬂ{iﬁmﬁﬁiépﬁ#gﬁﬁa@ﬁﬁ@,Euki@%‘ﬁn!{ic;}d’ihﬁl%ﬁon?rq‘éé&@Se?_Uent stggle:_ in .
accor dance Wi one enbodi ment of the present invention: an i gure i's
an enl ar ged crossl-”éé*l‘?'f‘f‘ﬁffé?ry(?idggveétiepaly%ﬂ?g&lﬁi?@ s from dhedoped palysilitoBance  with
one enbodi Mmendyeadsing Behify techriqies) Hovtnér] adhingldeied ipblgsilicDRpresehtpsigrifitant

challenges. These challenges include known profile and differential etch bias issues.

10 Thus, there is a need to find a way to form polysilicon structures, such as gate

electrodes, without necessitating the etching of heavily doped polysilicon material.

Brief Description of the Drawings
Figure 1 is an enlarged cross-sectional view of an embodiment of the present

invention at an early stage of manufacture;
15 Figure 2 is an enlarged cross-sectional view corresponding to Figure 1 ata
subsequent stage in accordance with one embodiment of the present invention;
Figure 3 is an enlarged cross-sectional view corresponding to Figure 2 ata
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
20  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
25  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



Referring to Figure 1, a sem conductor substrate may have a polysilicon
material 25 formed over a suitable gate dielectric. The substr gk A 2do?"
exanple, be a silicon substrate and the gate dielectric may be an oxli d2

for exanple. The polysilicon material nay then be patterned to formthe
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 23
MARCH 2007 -2 undoped or substantially undoped when etched, it nay be nore
easily etched and patterned to define the shape shown in Figure 1. By
"substantially undoped,” it is intende#d-to refer to a polysilicon materi al
that either uh@upedmswpitia@ylmdomd)phmtcmd it moychegnasedasityeetehedead y | ower than the

dopi ng | evel a&&dehkozd@ﬂxettﬁée o U wmgﬁgl pol ysilicon gate el ectrodes that are

either n-typ type ese gate el ectrodes are consi dered
heavi | y doped anch‘EMGEYWORFé,n@MtF@Fdterpferéqa@ﬂ)edw@rmatﬁrlhlahﬂt1E18 at oms per

cnB. The gat g;Rh& rnb @Apm%%r M}ﬁg Qﬁeﬁ@éﬁ:@ﬁﬁaﬁ}’lo@errﬂ% felay, ﬂ%le\xeﬁ hiaped | ayer 16

and a relatively thicker layer . I'n one enbodi nent t | ayer 16 nay be an
i nsul at or Sudhfoss d°PI@°bfsth%'cﬁqtedie€$’5@ﬂ%§éhat Fnitherayge of Brtypgry Geneiglly, B%%npl e, be an

i nsul at or  suGhke 8Rctidiids ke @bhsidbred ed@lyQAbped m?d}ﬁw dogi T%@Hﬁcéﬂﬁadoﬁé’&"’g&at&f silicon
nitride and silicon dioxideg, as two exanples. e structure shown in Figure

2 may be subjRBIEW ¥FsgerBrvent i onal pl anarization step such as a chem cal

mechani cal pl anarmgiteﬂﬁten{quxaemieﬂeylaremhﬁlyphnaﬁbaray&as imara may utilize the
[ zation stop, i.n 0 OdJ Thus, as shown

t hi nner | ayer a | a
in 15 Figure i*a“vflﬁg“%ﬁgﬁ fn‘% hQ“BFf“lEPF'"{eH & Ipyet é?ayl éﬁ‘é'r“Ti 'l 3%e renoved
down to ttoe hitiegihdioxie. Thellgyern3peny forsdxariyié, bé Hrinsakatot sveh dshiliosraitridexyer 16. The

exposed portlon be reppved usi ng any
sui tabl e t ecKRT uaé'°n%iaé'er§ pﬁlgﬁqgg{éﬁgﬁﬁ%&:@qxgeﬁs ex%?rc{‘% usi ng hydrof | uoric

or H3IPO4 The structure shown in Figure 2 may be subjected to a conventional planarization
step such as a chemical mechanical planarization (CMP) operation. The planarization may
utilize the thinner layer 16 as a planarization stop in one embodiment. Thus, as shown in
15  Figure 2, the upper portion of the thicker layer 18 may be removed down to the height of
the uppermost portion of the thinner layer 16.

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 H;PO,
etchant, for example. The resulting structure, shown in Figure 3, has the upper portion of

20 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

25  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 jon 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 suitabie

30 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



etchant, for exanple. The resulting structure, shown in Figure 3, has the
upper port| on of 20 the thinner |ayer 16 renoved and possibly azgwﬁAtRlcgﬂg;
of the gate material 14. In case sone of the gate material 14 is renove
the initial structure of the gate electrode 14 may be slightly higher than
i s needed to account for the ensuing loss of material. In an enbodinent in
whi ch polysilicon gate el ectrodes for conplenentary netal oxide

sem conductor (CMOS) technol ogies are involved, a photodefinition process
may be 25 used to define n-type and p-type areas. The n-type areas nmay

i ncl ude n-type doped polysilicon gate-¥ ectrodes and the p-type areas may

i ncl ude p-typ@edmpeybep@hsyétimaiy(boappgaiaedthals'matthweing is/ﬁnndaﬁarthcrrpl antation or

ot her dopi ng tiy | t he polysilicon
material 14. d@"?ggéﬁlﬁ%ﬁ\%ﬂm lh th %gﬁ@&g{l géﬂeg?ay%lgglg lg sui table 30
dopant may béraslyiif hot eanpletelyi aysided-he gate material 14 in the p-type doped
areas with the n lﬁr%% S covered, a
sui t abl e dopant }gmgtﬁlﬁé QQ}{&]S]@QC ro\éésﬁﬁéﬁ'é%nﬁzehl’ope@\{eﬁ% n-type areas.
It may be5apﬁlﬂcé?!|13é(9fel(§ F%&tmmlmwetteﬁbmablpﬁuﬁbzeﬂ@qneﬁebqém@r the definition of

the gate materi alRedfling wﬁg&@ﬁﬁemzeﬁtﬁa ﬁl&?&f‘tﬂe)(hlﬁﬁpﬁﬂﬂm'w&h)l th&®e may be
| argely, if not conpl etely, avoid eferring to Figure 4, a suitable

et chi ng pr oc BFEVEIRFNgAD apisqtopis gigh Pfecereﬂ’ﬁ‘W adpyeeichdn Wie@k‘&'mqnwéra 18. For

exanpl e, a Wekul€i fdMioNDY e thitinér1dyéf1é mah) répaf 2RdARGal Bidttion 84 fdewing to Figure 5,
t he hori zontal eF)ortl on of the thinner insulator 16 may then be renoved

usi ng an ani S9F B5PEe EOAMStS cess, such as a dry etch in one enbodi nent. As
a resultlp a pormltemat@ély {thecthibiir RRE 116 may R cothfletalR yenfoesdn fon example,tusing MRy
function as a si de acer Sf‘gﬁoerrbodl ments. 10 Alternatively, the

t hi nner | ayef" 'i%mﬁ‘ﬁyc}bsé’c}t%ﬁﬁfs%‘f(’é’fcwe ved, for exanple, using

In some embodiments, polysilicon material may be defined and patterned without
the need to etch heavily doped polysilicon. As a result, the quality and feasibility of the
etching process may be improved in some situations.

15 While the present invention has been described with respect to a limited number of
embodiments, those skilled in the art will appreciate numerous modifications 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.



an isotropic etch such as an isotropic wet etch, In sone enbodi nents,
polysilicon material may be defined and patterned without the Ffﬁqu?:ﬁﬂﬁh
heavi |y doped polysilicon. As a result, the quality and feasibility of the
etching process nmay be inproved in so situations. 15 While the present

i nvention has been described with respéct to a linmited nunber of

enbodi nents, those skilled in the art will appreciate nunerous nodifications
and variations therefrom It is intended that the appended clains cover al
such nodi f i nd variations as fall within the true spirit and scope
of this p:%hgagﬁtcwﬁ\%?\sfion. 23 MARCH 2007 -4 What is claimed is: |. A method
conprising: patterning a substantially undoped polysilicon material; doping
the patterned polysilicon material; and covering the patterned polysilicon
with a covering i ncf AR AT ¢ hi nner | ayer over a second thi cker

llayer. 2. The met hoght@Rfnigd akuBstaniidlB tHdbpal fodysilicad neatddi;ysi | i con gate
electrode fromsaid polysilicon material. 3, The nethod of claim?2
i ncl udi ng form ng ndapypkihg patgsnedpsdyspisiop satgriebrendgat e el ect rodes from sai d

pol ysilicon materi 1 I JVABh M Ho NG f@% A t he
covered polysiIicoﬁ&“ﬁé?%ggz?&aﬁapgﬂg$wg%ﬁ%g?%?\@ﬁa?n$4 Pﬁ% U {ngnggping t he
pol ysi | i ctayemmteen salondifitiger lggk@nari zi ng t he covered polysilicon material. 6.

The nethod of claimb5 including renoving said first nmaterial after doping

2. The method of claim 1 including forming a polysilicon gate electrode

from said polysilicon material.

3. The method of claim 2 including forming n-type and p-type polysilicon

gate electrodes from said polysilicon material.

4, The method of claim | including planarizing the covered polysilicon

material.

5. The method of claim 4 including doping the polysilicon material after

planarizing the covered polysilicon material.

6. The method of claim 5 including removing said first material after doping

said polysilicon material.

7. The method of claim 1 including covering said polysilicon material with a

first thinner layer formed of silicon dioxide.

8. The method of claim 7 including covering said first thinner layer with a

second thicker layer including silicon nitride.

9. The method of claim 1 including removing said thicker layer and leaving

at least a portion of said thinner layer.



said polysilicon material. 7. The nethod of claim1 including covering said
polysilicon material with a first thinner |ayer forned of sili

8. The method of claim7 including covering said first thinner g@éﬁb@??ﬁ?a
second thicker layer including siliconcnitride. 9. The nethod of claiml

i ncl udi ng renoving said thicker |ayer” 3nd | eaving at |east a portion of
said thinner layer. 23 MARCH 2007 -5 10, The method of claim 1 including
exposi ng said polysilicon material using planarization. 11. The method of

cl ai m 10 1 nol ughng PhaRBLE LAY AN Ao BAL Y4 bASAcolBhERMRk oW to @

pl anari zation stop [ayer 1 n said coveri aimll

i ncl udi ngplaeaniratiolg sai d pl anari zati on stop | ayer to expose said polysilicon
material and then inplanting said polysilicon nmaterial. 13. A sem conduct or
structure conprising: a substrate; a patterned polysilicon material on said

substrate, sai dipatTrsmedod POt |0 MRRdMRtpnadkinBeaidosdieBpanilicnl y undoped;
and a cover material over said ponS|I|con material, said cover including a
gl

t hi cker | aydsriabdsyn ©# planssizgtian sterolayerad &1d 9vesiAg a t hi nner | ayer over said

t hi cker naterlal 14. The structure of claim 13 wherein said cover materi al
includes a first layer of silicon dioxide and a second |ayer of a different
i nsul ative natéiiaIThaﬁeﬂ@hef@amutthmbdb@remavmgiddwhma@nMOsamdl@@rysiIicon

mat eri al |s expose throu sai d ver
to expose salddpolysﬂmon aterial an(ft en lm;giB

tmg sald polysilicon material.
13. A semiconductor structure comprising:
a substrate;
a patterned polysilicon material on said substrate, said patterned
polysilicon material being substantially undoped; and
a cover material over said polysilicon material, said cover including a

thicker layer over said polysilicon material and a thinner layer over said thicker material.

14.  The structure of claim 13 wherein said cover material includes a first layer

of silicon dioxide and a second layer of a different insulative material.

15.  The structure of claim 14 wherein said polysilicon material is exposed

through said cover material.

16. A method comprising:
patterning a substantially undoped polysilicon material;
covering the substantially undoped polysilicon material with a covering
including a first thinner laver over a second thicker layer;
forming an opening through said covering; and

doping the patterned polysilicon material through said opening.

17. The method of claim 16 including planarizing said covering to form said

opening.



16. A nethod conprising: patterning a substantially undoped polysilicon
material; covering the substantially undoped polysilicon naterig?mwkbﬁ;ﬂo7
covering including a first thinner |aver over a second thicker [ayer;
form ng an opening through said covering; and doping the patterned
polysilicon material through said openfig. 17. The nethod of claim 16
i ncludi ng planarizing said covering to formsaid opening. 23 MARCH 2007 -6
18. The method of claim 17 including covering said polysilicon material with
a first thinnergylay for f.sidicon. dioxide. 19 Tk f,.claim18
i ncl udi ng coveﬁ%ng g%?ﬁgwgggfa?W?k%gFR@ﬁ?éﬁvﬂﬁﬁﬁmgﬂxggﬁgﬁg%%ﬁﬂ%ﬁgwhIayer
i ncl udi ng adirdtiticiomer dyler fod@ed 80siliddnediosiidrod of claim 17 including renoving
said second thicker layer and |eaving at | east a portion of said first
thinner |ayer. 21. The method of claim20 including planarizing said
covering through sairge mee@Bcihit F&BclUIBEROYEMMLalOrikN inhir Riertiithner | ayer.
22. The method of claim 21 including form ng said opening by etching
t hr ough s&s@nd thider taypminepdingyidicon itiidepose sai d pol ysilicon material. 23.
The met hod of claim 22 including inplanting said polysilicon materi al
t hrough sai d openi ng.

20.  The method of claim 17 including removing said second thicker layer and

leaving at least a portion of said first thinner layer.

21. The method of claim 20 including planarizing said covering through said

second thicker layer down to the first thinner layer.

22.  The method of claim 21 including forming said opening by etching

through said first thinner layer to expose said polysilicon material.

23.  The method of claim 22 including implanting said polysilicon material

through said opening.





