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STATES PATENT UNI TED STATES PATENT AND TRADEMARK OFFI CE)5 Formation of a
Front'si de Cont ac{ygazn®ekt Con-on-insul ator Substrate RELATED APPM,%‘[}{,Q}I, Thi s
application clains priority to and i ncorporates by reference U S

Provi sional Application Serial No. 60/275,764 filed March 14, 2001. 10 FI ELD
The present invention relates generally to device processing of Silicon-On

| nsul ator (Sol) wafers, and noABPEHCATHRN QR UNMTERSHIATES BAFENTod of
formng a frontside contact to the silicon substrate of a SO wafer.
BACKGROUND SO is a devi ce PNSEERSTAFES @ATENJUSNDHERADEMARK QRFIGEs Ul at i ng

|l ayer (e.g. a buried oxide layer) over the silicon substrate. Transistors
are then fabricated in a Founation of a BrdnitsideComtecttondSibicontanpinsélatonSubstsatk at i ng
| ayer. This technique may provide higher 20 speeds and use | ess power by
reduci ng capacitance, nmaking device operation on SO superior to the
conventional Conpl enentary Metal - Oxi.de Sem conductor (CMOS) techniques. In
many applications it is desirable to gRELATEDXAPPIACATIGNSI | i con substrate of
an SO circuit. However, in nost of the nore advanced packagi ng

technol ogi es, such as 2%nik| bpplichion eREhsiptiofityaeki £@, intBlfioRdesa by O Fef@eice0U.S.0
t he substrate is cost prohibitive. Therefore, connecting the substrate to a

frontside contact i proeG&msApMicatldnSenbRvsIF0HD75,764 filed March 14, 2001.

10

\ FIELD

The present invention relates generally to device processing of Silicon-On-
Insulator (SOI) wafers, and more particularly, relates to a methbd of forming a frontside
contact to the silicon substrate of a SOI wafer.
15 .
BACKGROUND
SOl is a device processing technique that places an insulating layer (e.g. a
buried oxide layer) 6ver tpe silicon substrate. Transistors are then fabricated in a layer
of silicon located on top of the insulating layer. This technique may provide higher
) | 20 speeds and use less power by reducing capacitance, making device operation on SOI
superior to the conventional Complementary Metal-Oxide Semiconductor (CMOSY
techniques.
In many apblications it is desirable to ground or bias the silicon substrate of an
SOl circuit. Howevér, in most of the more advanced packaging technologies, such as
25 flip chip and die stacking, making a connection to the substrate is cost prohibitive.

Therefore, connecting the substrate to a frontside contact is necessary. The standard
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manuf act uri ng pamasesesdgwst typically be nodified to make this granhsigan
contact. Subm cron |lithography requires a high degree of planarity in the
contact dielectric to define the contact and netal interconnect layers. In
order to make 5 sinultaneous contact to the gate Eol siljcon, the . .
sour ce/ drai n regi orf§MCIRICIGn ManyEpEiunpe AEpCess ‘rtéfP‘é,“%%em%‘{é?‘%%h’Wkleﬁh‘s frontside
requi renents nust be increased significantly to be able to etch the

pl anari zed cont act “@M@ftectric down to the silicon substrate. These

requi rements increase the cost of manufacturing. A frontside caontact

formati on process was dS¥emicHYY ligipeRphyiyrequites A highndegres of pianptyejft thegcontact
5,314,841, "Method of Forming a Frontside Contact to the Silicon Substrate
of a SO Wafer." Thiigegnoéesiciingthes centiat ondsnetal idereanpectwiayersut In order to make
pl anari zation of the structure as seen in Fig. 1. This requires significant
adj ust ment of She comiltamtoust céntacd tbethec gatpapdlysilicon the tsoutas/dsimpiregiens; zedl the
contact dielectric processes. U S. Patent Application No. 09/163,687, titled
"Met hod for Form ngmderfimnsubsiae, thé sélamivay teqiiderhdnts Bustibe dncrSiskd sipaifieandf tabe
SO Wafer in the Presence of Planarized Contact Dielectrics,” which is

assi gned to the sambleadsetcinelfe pRnirixed pontacndicledie oivano tte ilicobasbstrarot Tigske
technique for form ng such a contact. This techni que includes a positive
profile and a | ocabquirdiefits tvneeé thaSos 0CMamifadnirthg. 2. The positive profile

i npacts density, while the local interconnect is not required for all SO
processes. 20 The t echnixyaentsie dostaétUfoliatRe pocesd WaedestRbe by BrAlybal dlewed.st o
i nprove upon these prior attenpts.

10 Patent No. 5,314,841, “Method of Forming a Frontside Contact to the Silicon Substrate
of a SOI Wafer.” This process forms a frontside contact without planarization of the
structure as seen in Fig. 1. This requires significant adjustment of the contact etch to be
compatible with today’s planarized contact dielectric processes.

U.S. Patent Application No. 09/1 63,68'}, titled “Method for Forming a Frontside

15 Contact to the Silicon Substrate of a SOI Wafer in the Presence of Planarized Contact
Dielectrics,” which is assigned to the same assignee as the present invention, descn't;es
another technique for forming such a contact. This technique includes a positive profile
and a local interconnect as seen in Fig. 2. The positive profile imi:acts density, while
the local interconnect is not required for all SOI processes.

20 The techniques and structures disclosed herein are believed to improve upon

these prior attempts.
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enbodi nents are described for _¢onnecting a silicon substpate |ayer of an SO1
wafer to a frontwpQsemeatact. A hole is etched through a fiel dp@psiddeoisayer
and a 5 buried oxide |ayer, exposing the sijicon substrate layer in the area
in which the frontside contact is to be formed. An inplant is perforned in
the silicon substrate layer in the area of the hole. Connection polysilicon
is.then deposited in the hole and etched to formthe frontside contact. A
contact dielectric layer is then deposited. A contact hole is etched into
the contact dielectric layer and filled w t$UMMARYactory netal forming a 10
contact plug. A netal pad is then | ocated above the contact plug to provide
surface” wiring to ot herExopjaonentaslinents dre desafiesd foPtaweciigs d spicdn sibstrate Bydrof
the hole prior to depositing the connection polysilicon can provide

addi tional dopi ng. BREGFwhEIESGHRI frthit<di¢ cdntattiEA DB\ bickedlthrdugke s dietd oxiqerlefee andoal
enbodi ments are described below in conjunction wth the appended draw ng
figures, whereisn |ikaicd@kile tiyes exposing #esilicdh eubstrate llayeein the &o@int whi¢htht Reéntside
various figures, and wherein: Fig. | is a cross sectional view of the prior

art denonstrating acdhelchto @k forkied i AiPingpldnt Np&ToRRed MNihaGlilicvh kitRidite layer in the
pl anari zation of the structure. 20 Fig. 2 is a cross sectional view of the

prior art denonstr afiknds theMRlenOdoHectidnOpdlysitton if BRAldEhEKeE AN IR HoleUsd Gched to
positive profile control and a | ocal interconnect. Fig. 3 is a cross

sectional view of affhoRd FhiGdCOMRET A 36BN AieMtriQaferfid fheh depdXRddP| REdhtact hole
enbodi nent .

is etched into the contact dielectric layer and filled with a refractory metal forming a

10 contact plug. A metal pad is then located above the contact plug to provide surface

wiring to other components on the wafer. Placing doped spacers in the hole prior to

depositing the connection polysilicon can provide additional doping.

BRIEF DESCRIPTION OF THE DRAWINGS

15 Presently preferred embodiments are described below in conjunction
with the appended drawing figures, wherein like reference numerals refer to like
elements in the various figures, and wherein:

) ‘ Fig. 1 is a cross sectional view of the prior art demonstrating a method of
forming a frontside contact without planarization of the structure.

20 Fig. 2 is a cross sectional view of the prior art demonstrating a method of
forming a frontside contact using positive profile contro} and a local interconnect.

Fig. 3 is a cross sectional view of a frontside contact according to a first
exemplary embodiment.

Fig. 4 1s a cross sectional view of the frontside contact area after removal of top
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Fig. 4 is a cross sectional view of the frontside contact )area13asfef’teeFn Frenoyal

of top 13 Septenber 2005 WO 02/ 673667 PCT/ U502/07311 .1 silicon_and

deposi tion of f i WPYBRfYe accor di ng to an exenplary enbodi ment PCEPE)QZ/"%WS a
cross sectional view of the frontside contact area after etch and i nplant
according to an exenplary enbodinent. Fig. 6 is a cross sectional view of

the frontside contagficqaraAa@ défosRion 6 AR okide AccoRimDloyhick efifiary embdaRRat.t ed
according to a first exenplary enbodinment. Fig. 7 is a cross sectional view

of the frontside contactrgreas afdéds Rcidal Al ofdine! P&HHiAC cbt¥@ ardaSaftie RA%I dRd
according to a first exenplary enbodinent. Fig. 8 is a cross sectional view

of a frontside contﬁqﬁla@g&g{ﬂ%g a%x%xanﬁﬁggﬂfﬂodi%ﬁ{ml ary enbodi ment 10 Fig. 9
is a cross sectional 'view of the frontside contact area after formng ..

spacers according to a Sﬁ%%‘?s %Fd!?'s@c'iixna‘i’@éaﬂbgﬁﬂtﬁorﬂiﬂe cdiftact Srd eP.%?nnection
sectional view of the frontside contact area after connection polysilicon

is deposited according. r i Rifent 11 is a flow

diagramil | ust rsgti n%&gs ﬂﬁéfl%o%%?%{r}gfa ggrsr?ndmré%aayqrgt(r)% S l co%t ac?m' 15 according
to a first exenplary e diment. Fiqg. 12 s _a fdow.ddi amillustratin

met hod for formng a frontsi dseac%?ﬁsgsgfnonﬁlc‘@g‘? d‘?fjntgeton%g(gee%ogn &%r%gf' af %Ogtac‘

mbodi . DETAI LER DESCR PTI 0, Fi | mhodi Fig. 3
TITUStrates a 11t TESERE AP SRR RTOE ¢ TR SBPSREE 00 The

Fig. 8 is a cross sectional view of a frontside contact according to a second - -

exemplary embodiment.

10 Fig. 9 is a cross sectional view of the frontside contact area after forming - -

spacers according to a second exemplary embodiment.
Fig. 10 is a cross sectional view of the frontside contact area after conrection
polysilicon is deposited according to a second exemplary embodiment.
Fig. 11 is a flow diagram illustrating a method for forming a frontside contact
15 according to a first exemplary embodiment.
Fig. 12 is a flow diagram illustrating a method for forming a frontside contact

according to a second exemplary embodiment.

DETAILED DESCRIPTION
20 First Exemplary Embodiment
Fig. 3 illustrates a first exemplary embodiment of a frontside contact 100. The
frontside contact 100 may contain a silicon substrate layer 102, a buried oxide layer
104, a field oxide layer 106, an implant 112, connection polysilicon 114, a contact .

dielectric Jayer 116, a contact plug 118, and a metal pad 120. As shown, the connection



frontside contact 100 may contain a silicon substrate |ayer 1023 Septombers2005
oxide layer 104, a field oxide |layer 106, an inplant 112, connection

polysilicon 114, wa @ensect dielectric layer 116, a contact plpgrsdnand a
netal pad 120. As shown, the connection 13 Septenber 2005 WO 02/ 073667

PCT/ US02/ 07311 polysilicon 114 connects the silicon substrate |layer 102 to
the contact plug 118 providing a nmeans to ground or bias the silicon
substrate of a Sili eesitypn hidiicoansets thesailicorjspbiiate laxenddh de the cprtpcti plugi g
‘the frontside contact 100 is described as follows. Fig. 4 shows_the
frontside contact apwaiding ¢ mgannio grapnd prbies e Slﬁﬁ%é@ﬁ“ﬁg of 3 Sidleqs-Endgsulater
an exenpl ary enbodi nent. The formation of the frontside contact 100 nmm
begi n by renovi ng t RO cipculitaylemetbéd ofi fabrivating the froptsidscpntygh €4 isidascrined asfelowm
which the frontside contact 100 is to be formed, exposing the buried oxide
| ayer 104. The top .| ayefigoft sholvi gbn fiostsidet coptaotvareandufing. infial E@geseufippicessing
the top layer of silicon may be renobved using reactive ion etching (R E

Q her et ching net hodsotdivg toaancexemplaey embodiment! oltiehforthationad the frdetsidacentad G40
may al so be used. The field oxide |layer 106 nmay then be deposited on the
buried oxide | ayer #fagbeddepypsdéridoviriy tharjopligyepef siicaneforn 2h 8Q] oafefircthk aredap @hich
deposition or any other suitable nmethod., .The field oxide |layer 106 may act

as a protective | ajerfroatitiesontd 186 isto ®e Poriid Dexpbsifg the butied dxiddiayed .108.NThe top
frontside contact area; during additional stages of processing 15 according

to an exenpl ary. embgeddmilicofflié 86t shb®n i Bled 40)Fod @xdraplerthd & lafer GERNRLA Bfdy bRS
shown in Fig. 4, a photoresist 108 with the pattern to be etched may be

placed on the fiel gnRytdlEsih@yeaétvkQéi et&iggmg.l@tmxétcm Mndide 0 8 delREGHOB -

theffield oxi de layer 106 and the buried oxide |layer 104, down to the
silicon substraje | axafurid®éxidb 18385104 H&y alRS BE LS. Ohel M BLLE 124401 (BYaP then be

beneficial, as outlined in a conmmonly assi gned patent
' deposited on the buried oxide layer 104. Deposition may be performed using chemical
vapor deposition or any other suitable method.. The field oxide layer 106 may act as a
- protective layer and serve as-a doping barrier.

-Fig. 5 shows the frontside contact area:during additional stages of processing

15 according to an exemplary embodiment. After the field oxide layer 106 is deposited, as

shov;'n in Fig. 4, a photoresist 108 with the pattern to be etched may be placed on the

field oxide layer ]06."'vA hole 110 may then be etched ‘through the field oxide layer 106

j and the buried oxide layer 104, down to the‘ ﬁilicon subsfrate layer 102. A positive
profile on the hole 110 may be beneficial, as outlined in a commonly assigned patent

20 application “Method for Forming a Frontside Contact to the Silicon Substrate of a SOI

Wafer in the Preéence of Planarized Contact Dielectrics” (Serial No. 09/163,687),

which is incorporated by reference herein. The choice of an etching technique may be

based on factors such as cost effectiveness. According to an exemplary embodiment, an

industry standard straight walled RIE plasma etch is used.



20 application "Method for Forming a Frontside Contact to fhe 1§'§eptember2005
Substrate of a in the Presence of Planarized Contact I cs"
(Serial No. 0911 "élé\%' which is incorporated by reference hegﬁug'l'ﬁ%é
choi ce of an etching technique may be based on factors such as cost
effectiveness. According to an exenplary enbodi nent, an industry standard
straight walled RIE pl asAfieradtching lfas¢seatkd hbe Béptherninpran DIISmuYOb O pérfickdfaéh through
PCT/US11 2 /117 3 1 1 6 After etching has created hole 110, the inplant 112
may be performed ththeugle 110he iftedase thd Qopifg irmbe sdisen Substrale payagl 020 THeemplahi LGN
substrate layer 102. The inplant 112 may be either a P+ inplant or an N+

i nplant. The i npl annay b2 efthyt OB+ ahplentioriaginen implaan dietimpiany 1 120may ®¥iod euffibient
el ectrical connection between the silicon substrate |layer 102 5 and the

connection polysili Sé?ﬂu_éLMrly t6\pR[deiah Gl RicAoRNRATEH BEtWea 1RO d{1idBR bubsRatPlayer 102
i mpl ant 112 of substantially 1.25x1015 atons/cnR at 70keV is perfornmed in

the silicon supst r%@u{e%ﬁﬁecﬂ.gzp&fggnc&mmona&ﬁamgnomlasmbnaapanﬂédqme,ﬁ, a P+
doped N+, but other inplants may be enployed. In other enmbodinents, it may

be beneficial to perfarnian or Hi'bsfam?zh@nlbﬁrwlngtdnm&% 70keVAldl perfOfh & mttﬁ'cesmcon

i mplant 112 is perforned t he photorésist 108 10 may be renoved and t

waf er cleaned. . bs@atéh % ltOEewflénoﬁ)tes&chﬁ &?)Ht rT%sxl oﬁal lqufs eﬂdlqu-t bﬁng&ler

st ages of proceSS|ng according to an exenp ary ‘e connectlon

pol ysilicon 114 rrayl,gpq%gsgg)ﬁogﬁglo%tﬂ odi gtséﬁprgsg% R efpc%l)fébln?%rﬁn

114 may be doped N+ nay be orne ore or

deposi tion. The ChON(-\F &%% im ﬁgtdat :zlil? }\ﬁgr t‘le 1M ’]quflz eégvn\'xg A: er@Xtoremst 108

det er m ned based on otlﬁ’g abrication requi renent
y rem veé% tLé%Qf%rcleanegeded for gate fabrication on

Fig. 6 shows the frontside contact area during additional stages of processing

exanple, if otn)er I+

according to an exemplary embodiment. The connection polysilicon 114-may be
déposited on the wafer. The connection polysilicon 114 may be doped N+ or P+.
Doping may be performed either before ’or after deposition. The choice of dopant and
15 the timing of the doping may be determined based on other fabrication requirements on
the wafer. For example, if other N+ doped polysilicoﬁ is needed for gate fabrication on

the Wafer, the same maien’al may be used to form frontside contact 100 (See Fig. 3).
The connection polysilicon’ 114 may then’l..)e’ etched. A phc.)tores{st ’is typically
-~ used to define the edges of the connection polysilicon 114 prior to the etching process.
20 The photoresist is not shown in Fig. 6. Any etching process that is compatible with the
connection polysilicon 114 may be employed. According to an exemplary embodiment,
this photoresist and etch process would occur concurrently with gate processing on the
wafer. While Fig. 6 shows an exemplary embodiment of the cénnection polysilicon 114

after etching, the connection polysilicon is not limited to this shape. Any shape that



the wafer, the sane material maybe used to form frontside cont &3 Seftedbér OS5
Fig. 3). The connection polysilicon 114 may then be etchHed. A photoresi st

is typically usedidg@negii ne the edges of the connection polysipéEogizdd4
prior to the etching process. 20 The photoresist is not shown in Fig. 6.

Any etching process that is conpatible with the connection polysilicon 114
maybe enpl oyed. According to an exenplary enbodiment, this photoresist and
etch process woul d @rvides g si1venste spnnieqt the siHcqapbstpicdays Py B cenfect plugfldd may
Wiile Fig. 6 shows an exenpl ary enbodi ment of the connection polysilicon 114
after etching, the dommeloyédon polysilicon is not linmted to this shape. Any
shape that = 13 Septenber 2005 WO 02/ 073667 PCT/US112 /117 3 1 1 7 provides
a nmeans’'to connect the sFigi Zshowuths tfroatsidel coplact areP dering ddditionalt steges of prpcdsspg
may be enployed. Fig. 7 shows the frontside contact area during additional
stages @f processi ngecondingtalam@xenplany entedphet.y Breboutace dielectivelagant bcmay be
dielectric layer 116 may be 5 deposited on the wafer. Pl anarization my

t hen be perfornged t degfusied aethe wiatfeat Plansrizaden may thea bagkdormedhe pravide a flat surface
mechani cal polishing is perforned in an exenplary enbodi ment, but other

pl anari zati on technicguge Wwafgr.al Cherbicale ekumedl polisting tifieperfornidd Sh 0 LAY
100 may be at the sane el evation as a nornmal gate contact, no additional

sel ectivity requir eRRBb&mMBAE bCEBESHaNarizBhdH {eWihi§s andl HSEBE dnipflel Nadinctod
not 10 include the frontside contact 100. Referring back to Fig. 3, a

contact hole may theRpRRieabaigdfoNmayde iih@e Gamtaddvatish 84 QCHdHNGE] kAt onthdtd noA
refractory netal may be deposited in the contact hole to form

additional selectivity requirements are necessary relative to a process flow that does not
10 include the frontside contact 100.

Referring back to Fig. 3, a contact hole may then be etched through the contact
dielectric layer 116. A refractory metal may be deposited in the contact hole to form
the contact plug 118. In an exemplary embodiment, tungsten is employed; however,
other metals, such as copper or aluminum, may also be suitable for this purpose. Other

15 methods of connecting the connection polysilicon 114 to the top layer of the wafer may
also be used. The metal pad 120 is located above the contact plug 118 to provide
surface wiring to other components on the wafer. The metal pad 120 may be aluminum,

) | but other conducting materials may be used for this purpose. |

A silicide may be located between the contact plug 118 and the connection

20 polysilicon 114. The silicide is not shown in Fig. 3. The silicide may be formed during
the heat treatment step of alloying or may be deposited on the connection polysilicon
114 prior 'to depositing contact plug 118. Other barrier layers may also be employed.
In another alternative embodiment, the silicide may not be used in forming the frontside

contact 100.



the contact plug 118. In an exenplary enbodi ment, tungsten is 13r§pepteng)§r2005
however, other netals, such as-copper or alum num may al'so be suitable
this purpose. OtW@YMHB%Tet hods of connect | ng the connection poP GEPPREEA! 114
to the top layer of the wafer nmay also be used. The netal pad 120 is

| ocat ed above the contact plug 118 to provide surface wiring to other

conponents on the wafer -Fn%hﬁ pretiats P asw WdrdRilvaeatdleldMn@thdl of BotinY the frontside
conducting materials may be used for this purpose. A silicide may be | ocated

between the contact Jtddg lédgcc%%értbearf;%ﬁﬁry QfhboditheRO! mmddcpmols%m;ﬁlaes the

silicide is not shown in Fig he silicide may be forned during the heat

treat ment step of ?%Jo@éék H&cﬁﬁed%){v%dpﬁ&?ék& RFieM hiRigh @YIGCt i on pol ysilicon

114 prior lo depositing contact plug 118. Qther barriéer layers may al so be

enpl oyed. I n anot hgr. Mok} Shhedi ment, the silicide may not be used
in forning the fronigm'gééxc 'é\g”? 0013 Sept enber 2005 WO 02/ 073667

PCT/ US02/ 07311 Fig. 11 f i S

formng the f r ont si de ﬁt acﬁ’gtiagﬁ Ja%é(‘:\%ggea%n ohgél&eécé:%tp a‘%y‘%éﬁr:gﬁ gﬁ) eg eQ{mplary
Met hod 1100 sunnarlz e ess. . des th r fere

through Fig. 7. Sec?:m %’Fr’p%?g ﬁﬁ‘ﬂ%ﬁ?%ﬁ%@fﬁ%ﬁ |¥X11°°§1 TEe Qy?r lg)g’t%é"g}fd

contact 800 in accordance exe |rrent The nts

contact 800 cont ai n&XidF yer (%n gag ﬁﬁt’@q {rﬁé 8u?‘?"é‘8°“°8>ﬂ° é‘ Llr4 a

104, a field oxide |layer 106,. an |nfgdant 112‘1 connectl on pol éSI i con 114

contact dielectric fomfast diglegtric layep b6 acoptpcipiug B8, 3 matslfad J20 and spacer 122 AS

spacers 122. As shown, the connection poI¥5|I|con 114 connects the silicon

substrate 102 to t h&oWanthgcennetion Redysilican L4 canapdisths siicq substratg |02 friths comacts

the silicon substrate of a SO circuit. ] . o
10 plug 118 providing a means to ground or bias the silicon substrate of a SOI circuit.

Frontside contact 800 contains spacers 122 to provide additional doping.
Spacers 122 may be needed when a circuit design requires a thick buried oxide layer
104. For example, if the frontside contact 800 thickness is in the range of 10,000 to
20,000 Angstroms, spacers 122 may be needed to provide sufficient doping. A method
15 of fabricating the frontside contact 800 is described as follows.
Fig. 4 shows the frontside contact area during initial stages of processing
according to an exemplary embodiment. The formation of the frontside contact 800
rﬁay begin by removing the top layer of silicon fiom an SOI wafer iﬁ tﬁe area in which
the frontside contact 800 is to be formed, exposing the buried oxide layer 104. The top
20 layer of silicon is not shown in Fig. 4. For example, the top layer of silicon may be
removed using RIE. Other etching methods that are selective to the buried oxide layer
104 may also be used. The field oxide layer 106 may then be deposited on the buried
oxide layer 104. Deposition may be performed using chemical vapor deposition or any

other suitable method. The field oxide layer 106 may act as a protective layer and serve



Front si de contact 800 contains spacers 122 to provi de additi onB Septpmber.2005
Spacers 122 may be needed when'a circuit design requires)a thick buried

oxi de layer 104worRiRrsanple, if the frontside contact 800 thpElin@sssis i n
the range of 10,000 to 20,000 Angstrons, gpacers 122 nmay be needed to

provi de sufficient doping. A nethod 15 of fabricating the frontside contact
800 is described as follows. Fig. 4 shows the frontside contact area during
inirtial stages of prbedepdgRImeccording to an exenpl ary enbodi ment. The
formation of ‘the frontside contact 800 may begin by renoving the top |ayer
of silicon froman SOT wkiBe? shaws the feontsidejcaniaft 2ep diring 3ddiionali Yagee 6f PHELSSIBEO
is to be forned, exposing the buried oxide |ayer 104. The top 20 |ayer of -
silicon is not showacdordit tg an gxenfidary exbagiment. tAfter thefidldigide layerdiop icdanositey. ase
removed using RIE. O her etching nethods that are selective to the buried
oxi de layer 104 mayhawrsio Hig 4,18 etiotoikkist T08abith theipddernag de eb&l may be ploedoan the
deposited on the buried oxide |ayer 104. Deposition may be perfornmed using
chem cal vapor slepodgield onidedayenn36. HOhbien 16 miay dieh de rehbbthrouph ehef fiedd clxideciager 106

| ayer 106 nmay act as a protective |layer and serve 13 Septenber 2005 WO

02/ 073667 -PCT/ USO2/ QB iht bufledisxide typi D@y, llaiviiterthe Filicon Bubstaedayeheod. r anpcsitive
contact area during additional stages of processing according to an

exenpl ary enbodi menproff¥ &ithe thoR M0Gha) Wxbelefidiay & ouklBed in adRMEInlEaEsighéd patent
shown in Fig. 4, a photoresist 108 with the pattern to be etched may be

pl aced on the 5 fi ehgpiRuddieMabearfod Bémidy S1Bloftsiit Comtit tohROSHicoeSeiagte bha sogh
the field oxide |layer 106 and the buried oxide |ayer-104, down to the

silicon substrate | 3ygé h0Re Presef®l bf PRnar2e®@iddntacP Didib@ridsel(Serddl NaTRYY/18,687),
benéficial, as outlined in a commonly assigned patent
10 which is incorporated by reference herein. The choice of an etching technique may be -
based on factors such as cost effectiveness. According to an exemplary embodiment, an
industry standard straight walled RIE plasma etch is used.
After etching has created hole 110, the implant 112 may be performed through
the hole liO to increase the doping in the silicon substrate layer 102. The implant 112
15 may be either a P+ implant or an N+ implant. The selection of implant dopant may be
determined based on the dopant type of spacers 122 and the connection polysilicon 114.
For example, if the spacers 122 and connection polysilicon 114 are P+, then é P+
) implant may be preferred. The implant 112 may be of sufficient conductivity to provide
an electricél connection beﬁeen the silicon substrate iayer 102 and the connection
20 polysilicon 114. According ‘to an exemplary embodiment, a P+ implant 112 of
substantially 1.25x10'* atoms/cm’ at 70keV is performed in the silicon substrate layer
102, but other implants may be employed. In other embodiments, it may be beneficial

to perform an N+ implant or no implant at all.  Afier the implant 112 is performed, the

photoresist 108 may be removed and the wafer cleaned.



application "Method for Form ng a Frontside Contact to thc? Si H §8‘?1te1§3%r52t0|93te
of a SO Wafer in the Presence'of Planarized Contact Dielectrics" (Serial
No. 09/ 163, 687) wa@mwdéech i s incorporated by reference herei n.PCTHSOZ¢0IICE Of
an etching technique may be based on factbrs such as cost effectiveness.
According to an exenplary enbodi nent, an industry standard straight walled

RIE plasma etch is used._ Affer etching .has created, hol 10, .the inplant .112
may be perfor ned througﬁ‘g't%§‘°ﬁ(§l‘§e %3'85‘ ?)C?'ﬁ C?é‘f’fgedu H%eag%%f’fﬁ% Slpaﬁei E}e)prgﬁsflg%n
substrate | ayer 102. The inplant 112 5 may be either P+ i npl ant ,or an N+
o ant. The sel ecticeATage 1 i) AREPAGLEARodRY pdn dB, BEfeich SBhEREet, bphtut
dopant type of spacers 122 and the,connectign <E0|1¥Si Iig}on 114. For,. _exanpl| e,
if the spacers 122 8l#d mayhscieprsitad poibg BpleilldAnd gighed hackfo farmspacerspl22 alopg the,¢
may be preferred. The inplant 112 may be_of sufficient conductivity to
provide an el ect rifEtsi¢eosnnest sidgvabatl i e RoroRilicas BlasHPaserp S1ay revifdejdditiongbP+

and the connection 20 polysilicon 114. According to _an exenplary enbodi ment,
a P+ inplant 132 ofdopingbginxiepasitiop and stehing teshrugusithat dngelestiverorbenosilisats glesvmae d
in the silicon substrate layer 102, but other inplants may be enployed. In
ot her enbodi nents, bet emplpydse HRomesiliceteaglasst is gosdnopmaadoMpg ispycain apr exemplary
implant at all. After the inplant 112 is perforned, the photoresist 108 may
be renoved and the emwtodimenk;dawetts, dlifr Sepantaiterial? 3% by\@ed 2nCIREPE Those that provide
PCT/ US02/ 07311 111 Fig. 9 shows the frontside contact area during
addi ti onal stages adf¥+pepmgssing according to an exenplary enbodinent. In an
exenpl ary enbodi nent, borosilicate glass may be deposited in the hole 110
and etched back to for mPpadehewd e frnidg dohact dréaodiriigtdditionil astdges bfigosdssing
124. Borosilicate glass spacers may provi de additional P+
10 according to an exemplary embodiment. The connection polysilicon 114 may be
deposited on the wafer. In an exemplary embodiment, the connection polysilicon 114
may be deposited as undoped polysilicon. The connection polysilicon 114 may be
doped N+ or P+ after deposition. In an alternative embodiment, the connection
polysilicon 114 may be doped prior to or insitu during deposition. The selection of
15 dopant type may be based upon the dopant type of the implant 112 and the spacers 122.
For example, if the implant 112 and the spacers 122 are P+, then the connection
polysilicon 114 may be doped P+. Other embodiments may erfiploy different
combinations of dopant types. For example, the implant 112, the spacers 122, and the
connection polysilicon 114 may all be doped N+.
20 The connection polysilicon 114 may then be etched. A photoresist is typically
used to define the edges of the connection polysilicon 114 prior to the etching process.
The photoresist is not shown in Fig. 10. Any etching process that is compatible with

connection polysilicon 114 may be employed. According to an exemplary embodiment,

this photoresist and etch process would occur concurrently with gate processing on the



5 dopi ng. Any deposition and etching technique that is sel ectil&Sepsember 2005
borosilicate glass nmay be enployed. Borosilicate glass Ds chosen as a

dopi ng source i nwauRepl ary enbodi ment; however, other dopagirgakefhal S
may be used, including those that provide 1Nt doplng Fig. 10 shows the

frontside contact area during additional stages of processing 10 according
to an exenplary enbodi ment. The connection polysilicon 114 may be deposited
on-the wafer. In anvefesnVhileFignbodiowean CXQW@WW‘P@@W%W%@FVQFHGF%hPQXSﬂhCOH
may be deposited as undoped polysilicon. The connection polysilicon 114 may
be doped N+ or P+ al4 efiergishusithe exmnedtion aplysilicoaringtilipsted b shene Arptsbape that
connection polysilicon 114 may be doped prior to or insitu during
deposition. The sel poividssaofeadSo doperctithe sihenralystize laes d02 wpbe cortast dlupd b8 may
type of the inplant 112 and the spacers 122. For exanple, if the inplant
112 and. t he spacer sbd2@played. P+, t hen the connection polysilicon 114 may be
doped P+. Ot her enbodi nents nay enploy different conbinati ons of dopant
types. For exampl e, the Thetcarde/dialiZgaté ineplapoaedrmindallasseiaded Wigth opitakkieiabOxide
polysilicon 114 may all be doped N+. 20 The connection polysilicon 114 may

then be etched. A pRBenhkbfdicskh (MOS) Yiahgistdrl fibridati6tl micthode fiap ®e tshfficRAgrRsdapt attbe
connection polysilicon 114 prior to the etching process. The photoresist is

not shown in Fi.g. 1gidNyf Bt chinegiodfatRfRkoh N84, HoweOdPa! 4 bise ofia feep and narrow
connecti on ponS|I|con 114 maybe enpl oyed. According to an exenpl ary

enbodi ment, this ph@h@rde%bﬁsct@mo&mg PiRRRSHa k@bs%ﬁa 7y & e s FrRNhtedfacslof h
gate processing on the 13 Septenber 05 (12/0 73 PCT/ US02/ 07311

éél yg:‘ er co\r/l\hl I e Fi genelflicoh Qbsue 15%L102 ahut dﬁﬂnwmthe%pécr@ae&m&cﬁ;w&owde
10 for doping of the connection polysilicon 114 substantially to the interface of the silicon
substrate layer 102.
Referring back to Fig. 8, the contact dielectric layer 116 may be deposited on‘t'he
wafer. Planarization may then be performed to provide a flat surface on the wafer.
Chemical mechanical polishing is performed in an exemplary embodiment, but other
15 plananization techniques may also be employed.
A contact hole may then be etched through the contact dielectric layer 116. A
refractory metal may be deposited in the contact hole to form the contact plug 118. In
) an exemplary embodiment, tungsten is employed; however, other metals, such as
copper or aluminum, .may also be suitable for this purpose. Other methods of
20 connecting the connection polysilicon 114 to the top layer of the wafer may also be
used. The metal pad 120 is located above the contact plug 118 to provide surface -

wiring to other components on the wafer. The metal pad 120 may be aluminum, but

other conducting materials may be used for this purpose.



114 after etching, the connection polysilicon is not |imtled tlg StemeE‘bSF%%OeS.
Any shape t hat I a nean$ to connect the silicon substr 102
to the contact ﬁégxqﬁéﬁnay be enpl oyed. §,The source/drain/gavgu%ﬁ%ﬁghts
and anneal s associated with typical Metal Oxide Sem conductor (M)

transi stor fabrication nmethods may be sufficient to dope a top region of

t he connection polysilicon 114. However, in a case of a deep and narrow
frontside contact 800 opening, a dopant may not substantially diffuse to the
interface of the silicoh sfichdst may dellogaed HeDeenGhe canthdtydug il § andntiicheondenienl
spacers 122 may provide 10 for doping of the connection polysilicon 114
substantially to thgolysiticdhflageThed silitige 8inbi shown isEilgsy.r Aliessilicideanayl B2formed during
Referring back to Fig. 8, the contact dielectric layer 116 nay be deposited
on the wafer. Pl anggihéatiieatindiBytep BeHIdYngRha) bEdbpbsitedlof \CoRltecor palysilssnflage
on the wafer. Chem cal nechanical polishing is perforned in an exenplary

enbodi ment, buts Ot hgfior td deisinldoRBd Mg §| B hOtHEH BETiBRMyat Sy isocslémiGd. An
contact hole may then be etched through the contact dielectric |ayer 116. A

refractory nmetal nay,dpRr dRBRsIVEhtoBintdl€ 10l 3dd mBPh6t Betusk@ i Fdrhgh LA hdhTkide

plug 118. In an exenplary enbodi ment, tungsten is enployed; however, other
metals, such as coppglt &o. @l um num may al so be suitable for this purpose.
O her methods of 20 connecting the connection polysilicon 114 to the top

llayer of the wafer may %%glzg Ip?n{&seg ﬂowkhqa 5 t?kug?ﬁt&gj%gletihﬁd %P?(ﬁ{n%% t?lEgr%ﬁtsiHQe

contact plug 118 to provi ace W rl onponent's : )
e The T P AL LM M o Rl PR
10 process described above with reference to Figures 4, 5, 8, 9, and 10.
Although two exemplary embodiments have been disclosed herein, other 4
vaniations may be made without departing from the intended scope of the invention.
For example, a variety of semiconductor fabrication techniques, including various
- methods of etching and deposition, may be employed without departing from the scope
15 of the invention itself. The claims should not be read as limited to the described order
or elements unless stated to that effect. Therefore, all embodiments that come within
the scope and sp‘_irrit of the following claims and equivalents thereto are qlaimed as the

invention.



12 A silicide may be | ocated between the contact plug 118 and f38emtemberc2(osn
polysilicon 114. The suicide is not shown in Fig. 8 The silicide maybe
formed during the heat treatnment step of alloying or nmay be deposited on
connection polysilicon 114 5 prior to depositing contact plug 118. O her
barrier layers may al so be enployed. In another alternative enbodi nent, the
silicide may not be used in formng the frontside contact 800. Fig. 12
provides a flow diagramillustrating a method_of form ng the frontside
contact 800 according to an exenpl ary enbodi iént. Method 1200 summari zes the
10 process descrih@ﬁbﬁsﬁ@ﬁ' with reference to Figures 4, 5, 8, 9, and 10.

Al t hough two exenpl ary enbodi nents have been discl osed herein, other

vari ati ons may beThrsebodimentsaf thieipsention dn whishhan exclysivednenesty 9& Gight isiclained are
invention. For exanple, a variety of sem conductor fabrication techniques,

i ncl udi ng var i ousdefimed &sdfddow®: et chi ng and deposition, may be enpl oyed

W t hout departing fromthe scope 15 of the invention itself. The cl ains
shoul d not be read as limted to the described order or elenents unless
stated to that effect. Therefore, all enbodiments that cone within the
scope and spir$t bf thefibusidocintagt ont asiliernagndinsdatonsybstmates carhgrisgtgonar e ¢l ai med
as the invention. 13 Septenber 2005 13 WE CLAIM The enbodi nents of the

i nvention in whi cétonzimagr| usi ve property or right is claimed are defined as
follows: 51. A frontside contact on a silicon-on-insulator substrate,
conprising in a contact plug;

a plurality of layers including at least a field oxide layer and a buried oxide layer,
wherein a hole is etched through the field oxide layer and the buried oxide layer

10 exposing a substrate layer; and
a connection polysilicon providing a connection between the substrate layer and

the contact plug, wherein the connection provides a means to bias the substrate

layer.
15 2. The contact of Claim 1, wherein the contact plug is a metal.
3. The chtact of Claim 2, wherein the metal is tungsten.
4, The contact of Claim 1, wherein the substrate layer has a doped region below
20  the hole.

5. The contact of Claim 4, wherein the doped region is doped with a P+ implant.



combi nation: a contact plug; a plurality of layers includilng alt3 §e856§1fb652005
field oxide | ayeyoan¢s@7buri ed oxide | ayer, wherein a hole is gtgbhedeisir ough
the field oxide |layer and the buried oxideil ayer exposing a substrate |ayer;
and 10a connection polysilicon providing a connection between the substrate
| ayer and the contact plug, wherein the connection provides a neans to bias
the substrate layer. i s2.The contact of Claim 1, wherein the contact plug
is amtal. 3.The contact of Caim?2, wherein t metal is tungsten. 4.The
contact of Claim 1,6-whe&gF goRtpd of Sy é’t‘éhqr%lﬁ‘/élfehﬁ“éém%faﬂdbéﬂf’sfaé’g?lbha‘bé’l‘ﬂw )
the hole. 5. The contact,,of C ai,m4 wherein the doped region is doped wth
a P+ inplant. 13 Septhdertonsss Wo%keY 073667 PCT/USI1 2 /0 7 31 1 14 6.
The contact of daim5, wherein the P+ inplant is substantially an inplant
of . 1.25x1015 atons/cnR at 70keV. 7. The contact of Caim4, wherein the
doped region is doped with an N+ inplant. 8. The contact of Claim4, wherein
t he doped regi &n priovi débe sontast eE€lajre 4} whesein getdoped 15810Rdedpped withjap Nrgmplant.
substrate | ayer and the connection polysilicon. 10 9. The contact of Cl aim
4, wherein the connection polysilicon substantially contacts the doped
region in the substrate layer. 10. The contact of Caim1l, wherein a netal
pad i's substantial I8 | oTatednabiowe Glier 4, wherein the doped region provides an electrical

connection between the silicon substrate layer and the connection polysilicon.

10 9. The contact of Claim 4, wherein the connection polysilicon substantially

contacts the doped region in the substrate layer.

10.  The contact of Claim i, wherein a metal pad is substantially ]qcated above the
contact plug.

15
11.  The contact of Claim 1, wherein a silicide is substantially located between the

connection polysilicon and the contact plug.

12. The contact of Claim 1 wherein a contact dielectric layer is substantially located

20 above the field oxide layer.

13. The contact of Claim 1, further comprising at least one spacer disposed in the hole,
wherein the at least one spacer is composed of borosilicate glass to provide additional

doping.



. addi ti onal dopi ng; and a conne

contact plug. 15 11. The contact of Caim 1, wherein a siyicidd3jSgptember 2005
substantially | ocated bet ween -the connecti on polysilicoA and the contact
plug. 12. The cowodeN36¢? Clai m| wherein a contact dielectric PEV&F20Z311
substantially | ocated 20 above the field oX¥fde | ayer. 13. The contact of
Claim1, further conprising at |east one spacer disposed in the hole,
wherein the at | east one spacer is conposed of borosilicate glass to provide
addi tional doping. 13 September 2005 WO 02/073667 PCT/US02/07311 15 14. A

frontside contact og,a s llfﬁ)?l%l&n :m%&{' Bhoh SHESIbAIR laFo‘P”Qﬁqs?rthQ éoH:HnTx ne. ir?g

conmbi nation: a contact pl ug; urality of semcon dictor T ayers
at least a field OX|Q§?hﬁy%r and a buried oxide |ayer, mhereln a hole is
et ched t hrough the f oxi de | ayer and the buried oxide |ayer exposing a

substrate | ayer; at |east

acmﬁntéggcer di sposed in the hole to provide

on pon5|I|con provi di ng a connection
bet ween the substrate | a

provi des a mean to bias g[\’é gﬁﬂgfﬁg‘é{%‘%’ u‘ft Yers rgllu%%ge\yggﬁfﬁ&e ?x’%ogg‘%c;flgon

wherein the at |east %uneggx (&e laylerS w er n a gleoxz etc e %clmlg %el% ox1dse layer and the

buried oxide layer exposing a substrate layer;
at least one spacer disposed in the hole to provide additional doping; and
a connection polysilicon providing a connection between the substrate layer and
10 the contact plug, wherein the connection provides a means to bias the substrate

layer.
15. The contact of Claim 14, wherein the at least one spacer is composed of
borosilicate glass.
15
16. The contact of Claim 14, wherein the contact plug is a metal.

) 17. The contact of Claim 16, wherein the metal is tungsten.

20 18. The contact of Claim 14, wherein the substrate layer has a doped region below the

hole.

19. The contact of Claim 18, wherein the doped region is doped with a P+ implant.



15 16. The contact of O aim 14, wherein the contact plug il a HetRICmoFE200%,¢
contact of d ai werein the netal is tungsten. 20 18. The f
Cl ai m 14, V\herein%,%?%/g%@ﬁbst rate | ayer has ggdoped region bel owpﬁﬁ/ggﬁg’l%e].? 19.
The contact of C aim 18, wherein the doped region is doped with a P+

i mplant. 13 Septenber 2005 WO 02/1173667 PCTI US02/ Q7311 16 20. The contact
of C aim 19, wherei R0t Ade pontagkifleim 39cwhesein thg Bf 1ppRAt ispiybsiptially an implant of
1.25x1015 atons/cnR2 at 70QkeV. 21, The contact of C aim 18, wherein the doped
regi on provides an &2&¢k0atems/gncy IRk .i on between the silicon substrate

| ayer and the connection polysilicon. 22. The contact of Cl aim 18, wherein
the connection polysilicon substantially contacts the doped region in the
substrate layer. 10 23. The contact of Caim 14, wherein a netal pad is
substantially | ocat @l ab®ieecertest "of cGlainackts, pthgrgin he daped welenaprovides @h aleetrical
wherein a silicide is substantially |ocated between the connection

pol ysi |l i con ands t he camadtintbeptean the sBic@h substrate tayert andtthaodon@caiompdWsilivdrer ei n a
contact dielectric layer is substantially | ocated above the field oxide

| ayer. 26. A frontside contact on a silicon-on-insulator substrate, :
conprising in conmbination: 20 a tungsten contact plug, wherein a netal pad
i s | ocated substant pal Tye edntéot ORIm 18, wherein the connection polysilicon substantially contacts

the doped region in the substrate layer.

10 23. The contact of Claim 14, wherein a metal pad is substantially located above the ™

contact plug.

24. The contact -of Claim 14, wherein a silicide is substantially located between the

connection polysilicon and the contact plug.

15
25. The contact of Claim 14, wherein a contact dielectric layer is substantially located
above the field oxide layer.
26. A frontside contact on a silicon-on-insulator substrate, comprising in combination:
20 a tungsten contact plug, wherein a metal pad is located substantially above the

tungsten contact plug;
a plurality of semiconductor layers including at least a field oxide layer and a
buried oxide layer, wherein a hole is etched through the field oxide layer and the

buried oxide layer exposing a substrate layer, wherein the substrate layer has a P+



tungsten contact plug; a plurality of seniconductor Iayzjs i ncl3udepigmbar 2005
| east a field oxide |ayer and- a buri ed oxide | ayer, ein a hole is

et ched t hrough tWe0#978¢63 oxi de | ayer and the buried oxide | ayRiT/eSepesiing a
substrate | ayer, wherein the substrate Iayé? has a P+ 13 Septenber 2005 WO
02/ 073667 PCT/US02/07311 17 inplant region below the hole that is

substantially doped Wihfla@nrebioh! 8w Qhe hbte2tl B1ubslamighly Cdheat wif® d Vimphipd of
wherein a contact dielectric layer is substantially |ocated above the field

oxi de layer; and a connegiy'ONGRlMH |k CRReP! OMdivigem GORBRGL: qrhlézertcw@sﬂa tipe
doped region of the 5 substrate |ayer and t he tungsten contact plug,

wherein.a silicide i Ssﬁﬂﬂaﬁﬁ:ﬁmlb& éd%bovei%é""f'ﬁ gﬁg&ﬁgna;gdﬁe connection

polysilicon and the tungsten contac erein the connection

provides a means to bi as Fﬁecﬁ&pé&g&ﬁc%n g%?&ln Zdnngg?]%n %&%@xﬁ{qe(ﬁfcp&x@?% gptpﬁe

further- conprising at | dast one cer In the

at | east one Spacer iI'S,C orosilic SS9 [ OV, .10
dopi ng. 28. A fet hod 81fbs ﬁ]ayeé an f?eogﬁngste L ogtéan{ %h% whteremoa s;l'xcr e isS su stantxaﬂ

silicon-on-insul ator ubs sing_i.n
top layer of silicon aﬁ bﬁ%‘"eﬁnmﬁ%rgg eRiLony P%]H?‘é‘fo&e rrbao&lf’ (‘E'f'gsjf%' f%{{%g ', B
formed, thereby substantial S|n a buried o depositing a
field oxide layer on f”ﬁ%re'&}b%l‘é 'i°88 uidoep meé‘fséﬁzp( %ﬁs%%é‘tetlﬁ’f ugh t he
field oxide |ayer and the buried oxide |layer to a substrate | ayer;

27. The contact of Claim 26, further comprising at least one spacer disposed in the
10 hole, wherein the at least one spacer is composed of borosilicate glass to provide

additional doping.

28. A mefhod of forming a frontside contact on a silicon-on-insulator substrate,
comprising in combination:
15 removing a top layer of silicon in an area Qhere the frontsidek contact is to be
fonmed, thereby substantially exposing a buried oxide layer;
depositing a field oxide layer on the buried oxide layer;
) | etching a hole through the field oxide layer and the buried oxide layer to a
substfate layer;
20 performing an implant in the substrate layer through the hole;
depositing a connection polysilicon;
etching the connection polysilicon;
depositing a contact dielectric layer; and

forming a contact plug,.



20 performing an inplant in the substrate |ayer through tHe hdPeieptember 2005
depositing a conpeaimdds7pol ysilicon; etching the connection pal¢sideesm
depositing a contact dielectric layer; andisform ng a contact plug. 13

Sept ember 2005 WO 02/ 1173667 PCT/US02/07311 18 29. The nethod of O aim 28,
further conprising formng a nmetal pad substantially above the contact
plug. 5 30. The nethod of Caim 28, further conprising depositing and

per formi ng an ol at - 31 HEEAHTA of i foapio R PR { Reeb <) SR iy

spacer i s conposed Qf bor 05| I | c te glass. 10 32. The net hod of Cl aim 28,
wherein the step of? é “ép | ayer of silicon .includes enploying
reactive ion etching. 33. The nmet hod of . Cl aim 28, wherein the step of
etching a hole includes applying 15 photoresist to substantially define the
| ocation to be etched. 34. The nethod of O aim 28, wherein the step of
etching a hol e 5 ncl #fdes The meshadi o & laims38, fyrist copRrisingidepositng and etchig idsariae
of Claim 28, wherein the step of perform an inplant includes perforn ng
a P+ inplant of sub%’?%miqEfPY19e1d@5303h®PH‘Eai?'6ﬁ'é‘FéW°§ReffPUR\§'ﬁa“36P13the met hod
of Claim 28, wherein the step of etching the connection polysilicon

31.  The method of Claim 30, wherein the at least one spacer is composed of

borosilicate glass.

10
32.  The method of Claim 28, wherein the step of removing a top layer of silicon
includes employing reactive ion etching.
33.  The method of Claim 28, wherein the step of etching a hole includes applying
15 photoresist to substantially define the location to be etched.
34.  The method of Claim 28, wherein the step of etching a hole includes performing
a straight wall etch.
20 35.  The method of Claim 28, wherein the step of performing an implant includes

performing a P+ implant of substantially 1.25x10"® atoms/cm? at 70keV.

36.  The method of Claim 28, wherein the step of etching the connection polysilicon

includes applying photoresist to substantially define a location to be etched.



includes applying photoresist to substantially define a |ocati d3Septetaber 2005
etched. 13 Septenber 2005 WO Q'2/0 7366 7 PCTI U802107311) 19 37. The net hod
of Cl aim 28, wheweinmBbe® step of form ng a contact plug includes/useiebiing a
contact hole in the contact dielectric laysm. 5 38. The nethod of C aim 28,
wherein the step of formng a contact plug includes depositing a netal in

the contact hole. 39. The nethod of Caim38, wherein the netal is tungsten.
10 -40. The nethod of Claim38, wherein a silicide is substantially | ocated

between the metal af'}j t %e%e@po%cotfl Clind %,y\%elréilcf %@'step of forming a contact plug includes

etching a contact hole in the contact dielectric layer.

5 38.  The method of Claim 28, wherein the step of forming a contact plug includes

depositing a metal in the contact hole.

39.  The method of Claim 38, wherein the metal is tungsten.
10 40. The method of Claim 38, wherein a silicide is substantially located between the

metal and the connection polysilicon.



