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'MANUFACTURE FOR A DUAL GATE LOG C DEVI CE FIELD OF THE | NVENTI ON Thi s

i nvention generally rel ates t o [HEf Wﬁr devices fornmed on a bul k
singl e-crystal sem conduct or sdlﬂﬁmﬂﬂmm nore particularly, to dual
gat e | ogi Wod¥tiigddnduct or devi ces cqppesed of ger mani URETEEHIZ/AI6RE ng gate
conductors and manufactured by a self-aligning process. BACKGROUND OF THE

| NVENTI ON Fo=r conplinmentary nmetal én silicon integrated circuits (CMOS

. 1Cs) the main performance factors are speed, power dissipation, and device
packi ng density. Therefore, over the past several decades, integrated chip
manuf act urers hay exrikp@Sre0RGuiRiredE @Rl pbiiecir@diteid @BvicB M Croel ectronic
devi ce size. Both nanufacturer and consuner benefit fromthis reduction in
size either by reduced cost or greater performance characteristics.

However ,”FH%°¥ré’|”5 PEAUE™ on in size of the conponents in the ICwill |ead
to undesirable | C performance problens. In particular, power dissipation
due to increassdigeviioe deeakiyerdatesetn semyynduptredeyeécegrfagimedcent speed may
be degr agdedix Relgiakiydthy sphieblabtort tBbtaed ard,f hdret pareicalarap, sblicon field
effect tLanSsst Qb c MOBRRISkofMuBhkeksRob ¥OLERAL - dREddigng hot - carri er

degradal | oo 081 Eo.0X1AChaEALRUL, 200, SLiCLT N grabbal, Tearly, (T the
degree d? process contr&f IS no? |ncrease3, variations in these par anet ers
wi |l becone |arger (on a percentage basis) as the. devices becone even
simal l er. Therefore, it is HEEBEVRIF FIY INFET B nuf act urer of such devi ces
to utilize novel designs and enpl oy processes having tighter processing
cohtrol s t hatromicbhplifeht gat et e bf Gl iRne enewelatred| diabiilts t (gMgsr odsh ens, whi l e
still prai ﬁiiﬂ_g:ebfcglﬂﬁxrce a6l B Gr6l@PSddl, I R%er dissipation, and device

packing density. Therefore, over the past several decades, integrated chip

manufacturers have had as one major goal the reduction in microelectronic

device size. Both manufacturer and consumer benefit from this reduction

in size either by reduced cost or greater performance characteristics.

However, the mere reduction in size of the components in the IC will lead

to undesirable IC performance problems. In particular, power dissipation

due to increased device leakage currents may increase or circuit speed may

be degraded. Reliability problems that can afflict metal on silicon field

gffect ;ransistora (MOSFETs) might also be worsened, including hot-carrier

degradation, gate-oxide wearout and electromigration. Clearly, if the

degree of process control is not increased, variations in these parameters

will become larger (on a percentage basis) as the devices become even

smaller, Therefore, it is necessary for the manufacturer of such devices
g““) to utilize novel designs and employ processes having tighter processing

controls that will mitigate performance and reliability problems, while

still providing higher packing densities. '

One particular difficulty in the manufacturing procssses of some
planar double-gate MOSFET devices is. that the top and bottom gate
conductors may not be self-aligned to each other, and the gate conductors
may be of varying widths. Device yield and performanée can be
significantly constrained by such misalignment of the gate~conductors, and
by large deviations in relative channel length. For example, it is
réported that misalignment will cause extra gate to source/drain overlap
capacitance as well as loss of current drive. Additional information on
the effect of misaiignment is described by Tanaka of Fujitsu in the 1994
VLSI Symposium.
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One particular difficulty in the manufacturing processes of some plhpay 2005
doubl e-gate MOSFET devices is that the top and bottom gate conductors nay
not be self-aligned to each other, and the gate conductors my be of
varying widths. Device yield and performance can be significantly

constrai ned by such m salignment of the gate-conductors, and by |arge
deviations in relative channel length. For exanple, it is reported that

m sal ignment will cause extra gate to source/drain overlap capacitance as
wel |l as loss of current drive. Additional information on the effect of

m sal i gnment is described by Tanaka of Fujitsu in the 1994 VLS| Synposium
G00002 12 DEG eHBS HEAGE Hein dht MEEHRESPIiNe PIPESIFER T8t PAY3Pr ocesses of
“these pl dewpile-gdouBPErEg aderidvEGREEThay cihie cagnrjed thighneshds civhrpfetrifedmckness i s
not of uehfcRidBs doayekneEsrmapa/ioy. Uurif erampeUrdduyle-Fae MsaRIpHeiceoubl e- gat e
MOSFET d@lyd-u@@sxav§|30wi@|ozlﬂla¥ﬁ auiHnili)Od'Jrhﬁﬂt_ﬁi) shiikod tRarher .25I‘ylﬁﬁ.’@al$},! i con
channel . o TVRLGALYieace BE QY1 QUG s0BN ¥EACE Whi NInALOL 85555 d10LARMt hi s channel

usi ng epftaxi al ‘tgr own silicon via such processes as chemical vapor

deposi ti 8ﬁ°"8rsfl§%°ﬁt &r 1450 . PrIHE8%° Y 5CESSes However, do .not necessarily

provi de ®RYF11EF enfPegRiBEBTTFEY DO VEhi Lk ARS BEWFSHIHY P3PV e atter due' to

ent r apnepsfigient wpiforritesin ReickpasA csPYrdtpr Fasr Latter dudlte FRERPVMOSFET

manuf act of iifguripiescessBegan toepfioundt idaalleny- MEFEE @anuwdictaking] EEE | EDMDO- 71

t hrough p}dcBIVRI-cbé; beHERMSUR Fah tHopLeddng, art 1mk. 1ephdsERL kkiWBB- 407 t hr ough

| EDVD8- 4 1o AR ; HBH-co BrnPitl| ddig VR G . etredd 1epMbEREr ILERMRK - 427 t hrough _

| EDVB7- 4 MQ%{I?&' tarrl]tﬁH £alw phﬂ%p%ﬁg,mep%m, SE ERREHGE P RLeri al for use in
chi p_technol ogy

integrate as been silicon. For exanple, S. WIf and R

N. TaubeFE‘%”ﬁ7‘§[ﬁ)i'| CON PROCESSI NG (copyri ght 1986) Vol ume 1 page 1 state

~"CGermanium was the original sem conductor material used to fabricate

di odes and t raasithe orats ThrepPrearinshr Famdgedicetr @316 eVr, "however ,
integrated chip technology has been gilicon. For example, S. Wolf and R.

N. Tauber in SILICON PROCESSING (copyright 1986) Volume 1 page 1 state

“Germanium was the original semiconductor material used to fabricate

diodes and transistors. The narrow bandgap of Ge (0.66 eV), however,

causes reverse-biased p-n junctions in Ge to. exhibit relatively large

leakage currents. This limits the operation to temperatures below about

100 C. In addition, integrated circuit planar processing requires the

capability of fabricating a passivation layer on the semiconductor

surface. Germanium oxide could act as such a passivation layer but it is
difficult to form, is water soluble, and dissaciates at 800 C. These

limitations make Ge an inferior material for the fabrication of integrated .

circuits, compared to sgilicon”.

'_ The use of germanium and germﬁnium alloys has been reported in prior
references as gate conducting materials, for example see GERMANIUM ETCHING
IN HIGH.DENSITY PLASMAS FOR 0.18 MICRON COMPLENTARY METAL-OXIDE- \
SEMICONDUCTOR GATE PATTERNING APPLICATICNS, C. Monget, A. Schiltz, 0. -
Joubert, L. Vallier, M. Guillermet, B, Tormen, J. Vac. Sci. Technol. B,

Vol 16, 1998, pl833-1840.



causes reverse-biased p-n junctions in Ge to-exhibit relatively | ar%

| eakage currents. This [imts the operation to tenperatures below & @E 2005
100 C. In addition, integrated circuit planar processing requires the
capability of fabricating a passivation3iayer on the sem conductor

surface. Germani um oxi de could act as such a passivation |layer but it is
difficult to form is water l—ﬁi at 800 C. These
limtations make Ge an i nfersii%lrmﬁiﬁl?‘e{r(?ﬂgq‘ or ENQ?QEJ“ cation of integrated
circuits, conpared to silicon". The use of gernmani um and ger nmani um al | oys

has been repor riar ferences as t e.conducting mat er| for
exanpl e see @%ﬁ%&ﬁ‘w }f\?é? ‘ie Pﬁe@fﬁltﬂgﬁ% hE"ifA%R)i&é'dﬁ%@{ I@‘Prm
CC]VPLENI'AdR\‘[nNEifé\ha@XtrDEuﬁEM W@a%@ﬁw@e&ﬁm%\@e%&-' CAT| ONS, C
Monget, A. SChI|tC71 r\gj}oubert L. vallier, M Qi rnmet, B. Tormen, J.
Vac. Sci. TecHhdyidinga singlg-crygial siliepm SUB%@%cmlngmp@E@dimg sugaGERMARY OF
THE | NVENf {1 %%Orsgidﬂﬂap'épsﬂ%e%§ EHEm raibddCisRO&S & Plura i ecﬂ{ﬂlﬁ’e{}s tcgr%refsm
provi ded a net ho formng an inter dlary Sstructure for dual
gate devi Q?@u@@ﬁ]ﬂ)!’ |ﬁ§>rrngald treised g«yimds,pa (umfahlmgata cbelaghestmtymt al gesmbmamngate

Substrate [ u [ an and an . internal body, said
upper sur gg@cgilrﬁggﬁ Q'%a?ré}nss%a mg\sl\et%?ﬁlﬂg giclﬂﬁfff SPPPYsing exieriqrsidewalinmd &i ng
sequenti ablbyurfarcem said raised islands, a uniformgate dielectric stratum a
ger mani um gat e d@:ti&g stratym and an insulating stratum said pillars
conpri si ng ext’8f 06'?‘ deRlaings? ghiglectric cgpfing, pr Sai6: e’é@?ﬁrofrlquy adpiayd tep a

di el ect risrfe@ALE NGidOPIRA en®*%hRl [Qfaighgenabl Sudids S8 4 id ol #g{tﬁ"% Qp sai d
pillars and sai d renaini ng upper surfaces of said sing ﬁ |con
subst r at SUbLBHGer | ng sal d conformal dielectric coati ng wlth a dielectric

1;:( | !saitg Si IhF:'i?;m ﬁia%%]f%%}fbg?eﬁ A% gﬁé %I'—_QC&EG fﬂptosz?hggﬁtozp east I)face

said dielectnc coatmg on said top surface of said pillar;

[RALIBPP103494.doc:AVC



-4 renoving said dielectric coating fromsaid top surface to creatéZaDELemgg;

top surface of said pillar and planarizing said dielectric fill to said
new pillar top surface; applying a silicon wafer to said planarized
dielectric fill surface and said new piljar top surface; and etching said

| ower single-crystal silicon surface to a depth of said confornal
dielectric coglhd\8nPhisatetkcht ol 4 8l : [ d
conformal coating ac%)?arllg as cgﬁldwel{agﬂg fré’?f)%h% Iﬁdgr éeugfég%kbggrg %tﬁéq{e&gﬁjgtsélg%e of

si ngl e- cr ysitl pillag hedhplehaizivgweot delagrit dllansiitaew pdpe oip smffatdie present

i nvention there_i.s. provi ded met hod, of . formn n internediary structure
for use in a dﬁ%‘?lylagtaes'llf(g{}iw geré?)ﬁ%g??f‘?fézefiﬁéel%‘?rgcp@ S‘H?Wia 382/‘% iPHia ta
substr at e sei@4vR[ 48l Ng an upper surface, a first layer residing on said
upper surface conprising first pillars and first regions and said first

|l ayer further €Shpeisaiddgwer singlererisiat silieon syisfage fo ¥ daptippf said eondomat lislengic
sequent i alchpider NS Rkif 1R | [ST,.] | ST a a first
gate. condtoh R ACEREpuRARtal SHLAGGper Atk barh A5 oA T ARLUE of el
channel , swaiteerétyraeatipglijodated finglelosystat dimonélsi ng si dewal | s coated with a
conformal dielectri,c coati said .first regions c risin dielectric
fill, said firdt¥8edd %ﬁoﬁg‘éf‘sp&ﬁtd"f_s%?d’fﬁe? %Vf"&j’iﬂp‘ﬁeﬁ%r‘é Prosied ety of
first intdshagean atdRedng stayRre fobdedh ﬁ@u@lggaiv‘eade@icfe 'cbﬁnbriéiﬁg/ e stepl Sur face
conprising [R\LIBPP] 03494. doc: AVC 12 DEC 2005 -5 second Plllaps_and second
regions and a PEYIding ¢ sifigon subpiate cerpRSing 1) wpsT gwrasei sfinglayeragsiding ioalshigl
from sai dyphdrSlirfA@%BMptiong Tt AREs %@%P@giogé %f&fc{ {l%t g%refuﬁbéraé%umn}isiag a
second gate conductor stratum and a second Insulating”stratum Q4
second r edirotisfaes spidifisstnilags ewopising Wiedntielly fromfsaid yppsasutifass adivet ipsuldtmgs

and said d giel ectri i1l regiq bei ng .adj oi ned by secon

i nt erface?ﬁéﬁ@f%?ilﬁﬁ gifed‘[ © ??Jst{ngésﬁra&lglégﬁfat %lelle?tg? séatgtsulag‘aéta“gérsﬂli‘cgpl aygiekr | ap
and said faid$st palies fethencompgsignsidgedlsicahtey wather douforn iR RLin¢eoxtift, ¢Rng
areas COnpri si ng said first and second interfaces t.herggiy creating first
and second ™S PO CORBLIRG PuMRlECtrig il said Lirst copted pillapnand said Jiet eesindr #18i ng
sequent i abdjpined bpfEaiittedRRES sebid RG& re@dihP bh Gail hAkl L @nphird
gate conducjtor s?ratum athird gatﬁg rafﬁgllglgg?g?lglﬁz#}%t%‘? sgltfcré%ccg%ngifl i con
channel, a fourth gate dielectric stratum a fourth gate conductor
stratum and a fourth gate insulating stratum said second self-aligned

col um

[RALIBPP]03494.doc:AVC



conprising a third dielectric fill stratumand a fourth dielectric fi1I2I DEC 2005
stratum said first and said second self-aligned colums being separated
by a void al ong said upper surface. According to still another aspect of
the present invention there is provided_g _nethod of forming an
internediary structure for use in a dual gate device conprising the steps
of . [R\LIBPP] . : 2005 -6 provi.ding.a silic substrate
conpri sing an Sg@r& pgﬁér}? é%:{%,sgfoélgﬁ g%‘ﬁgs and géﬁﬁ SYFSasSy 93‘@6?@&8@?12“% PRERTISNEG | ar
and separ atguknbsilyafromi gjd fArss &gentbppiukfaed a sé@ind didlédttic Rhtk|s@htusD AL e

| ayers se%ugnii al Il)(Lmaffi xed fram ?a_i d upper surface conprising a first

i nsul at i ngOPRYFLGr stratum, and 2 sgeanddnsulating stratug seid seemd) regiens campfrisingta spaored

di el ectri clidlayge fillasHd sé : I: ] e Layer, a
second ger mani um gat e cocﬁ)ggé)?g?@%gdyséar@sgﬁ Qgﬁesl%cgﬂéﬁk‘ﬂicr%éﬁ Saﬁ%}%g Ia%'ﬁégfi bYhi d
first pillsafonddnigrinesi miperein eqid Sist fand egcosdipillaseatonght phitialy oeQuprindisaid st

first diel i i yer angd a second dielectric fill layer, said
second pi Iaﬁgtrsgdggcrir%)étglwsnlsHg&éﬁklg‘éergaﬁrface, all said |l|ayers further conprising

an exterior suséleaelyasichisgheas compysin® 648 Firfldind desbrldl ih@ta@3dh&ah oS aaNd
ger mani umﬁ.ga%t e .condyct gr exterior surfaces wthout significantly recessing
sai d chaniBYt 3f sgeong seitialigneg calupps, daig firet ssifedligned polumacomprising sequeataly or
sai d firstfrobl s@esiRe shriey] Ahifddndud¥RE sEXGLET b i B5RR LR RlfEr, hogcreate
a first gernani u]?i}gat e recess_elcli usur?asce ar’lhqgl@%%%n g%ep%gﬁtg%ag%frg Eafe
recessed fehitcestratgm of PRyt Blicon; ¢hanwgloe Hewrttagge alieledtrit heatpmeaeflrth gate
invention thekBri s vj.de inter iate manufacture fo dual gate

| ogi ¢ devi ce qqrrrprfi@?r{r?lgd:ngagsfl |hc§%%slﬁ%§zgygt Y ﬁ’dgéfcq”ga f'@ﬂee%ﬁ?lamn

| ateral sgempoeng atiiid ditlettaly ill stanmt bed 8 gowathf diclsétrit G Rt daid HRSAALaid
region, said first.regiaon comprisin dielectric fill material and said
second reg%(%ﬁd geégf}%eggﬁc’)lfl?“ﬁgﬁﬂg ?‘%Ha%éedgbﬁfﬂ’%‘@ along said upper sutfacgt um a fir st
germani um cont ai ni ng gate conductor stratum a gate dielectric stratum and

a single-crystal silicon stratum said first and second regions residing
on said major EtUFEE to &il} anether agpeat ¢frthe preBmPjryedtin tHore iAMOvi2d DEGHRAGE - 7

?e; ieg ﬁnd g é}ﬂ%ﬁh@dlﬁg strudtlie 0 LI Qﬁuﬁ%Qtef(f%ch @o&%ﬁéiﬁ’gﬂ lfhesst(’aéips(.:I oft: hird
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conprising a second dielectric fill material and fourth regions con?riﬁég‘%
a second gate dielectric stratum a second gernmani um contai ni ng ga g 05
conductor stratum and a second insulating stratum wherein said fourth
region at least partially overlap said sgcond region and said third region
at least partially overlaps said first region. Accordi ng to still another
aspect of the 4l e r QVvi nterned at e

nmanuf act ur e forIBF(g&gH% @ét@ﬂ{ ‘g‘lg}fr%@ {eo\?/l?déél o%plru |nsélrfage Seriding | “sﬁ%gtlﬁpﬁfr
conpr i si nguefece| aefarst pilareandeseparatedbe nabids uséa@ad pilkAdakt filsgslir @RPric@EMOetd e

pillar dIS ose or .|lateral urface sequential | ayers
conpri si ng; b en&alﬁs?ﬁa’(ﬁgﬁ BB o ﬂ" ¢ QOFE’F‘S’@ér‘Pré'HFtuFﬂSB]éH‘ﬂ%llwehga &8 on

having a gessarumget @hdlictar @FeAnd fign gI%i%t 8felc@tricSHyEraGesilidnl tadhelI3tReond
dielectric r?fg]llon a single-crystal icon region having a

cr oss- sectdideric &%t%é@yeaﬁoﬁeaowesemmg@t@t@mdwpw lager, ayee secand @ésolathr layer,
ger mani Umsalﬁ%gt%lnhp&mgﬁ}sﬁ\rgcg ﬁﬁﬁ'&e S &@?J}f I11 c?‘rag?résﬁr?g A 3RSt dlaectrlc fice

and an exterior surface second T nsy

[ R\ LI BPPl®®z79ud dcsecowchqlzctfbaﬁnzmgﬁ, s8d BRIomEF ;ﬂIEﬁS(EBhiB“ﬂls@J aQlop klfadRANNGS
Preferred lag;gpqﬁrtmarco t he s esent. inveption will now be described by way
of exanpl€ on {:lnpvbiﬂflﬁa?s SPUEH % he fol | owi ng drawi ngs: FIGURE 1 is

an enl arged cr edectivelyt icoskRing” ART G5E HnatdalNsRbnd B Ani R Qtfe &?&uctmg‘i&ent
of a dual %?,te Ioglgc devi ce depicting an area cont al ni n I nal gate

pi |l lars 26%tacesyahgpietispicantly; ispessing saidf ¢hanngl s daisk ﬁrStSJtacdonQ@teadletehtac

d t Atele] nt
[ mvent Lﬁeﬁ‘ﬁﬁﬁ‘eﬁ%ﬁE@ﬁf*ﬂﬁféﬁg‘Z%ééﬁ Mg DG R e Bln bl B R =

segnent t iest @emasim-gate irgpgssed eynfass end! amo@nd gainaaivki-pyt eccgatésafeeent 200

fl anked by pol f O efS it rocessed through the steps of a
second enbodi né%%drhﬁgtﬁegébl& egen r aFRF(%t ?o © PFRSNG Aventions ARsse isguovifled eRer

conpri si ngltdmaddta‘teatuﬁzroﬂmem dval gssiogic deﬂlc@@&lﬂsﬁslh%'lg the dual gate logic
device to an ext.ernal eﬁt rical power supply LI BPP] 03494. doc: AV C 12
a silicon substrate aving at least one major lateral surface
DEC 2005
a first layer comprising a first region and a second region, said first region comprising
a dielectric fill material and said second region sequentially comprising a first insulator
stratum, a first germanium-containing gate conductor stratum, a gate dielectric stratum, and a

single-crystal silicon stratum, said first and second regions residing on said major lateral

surface; and

[RALIBPP]03494.doc:AVC



-9 For practical reasons, only a portion of a layout for an array of gt
featureg on the sem conduct o%/ de\F/)i ce of the preferred enbodi ment is Z.hﬁEC 2005
depicted. It is understood that the sane elenent will be identified with

|'i ke nunerical references consistently ngintained from FIGURE 1 to FIGURE

2. DETAI LED DESCRI PTI ON OF THE | NVENTI ON COVPCSI TI ONAL ELEMENTS OF AN

EMBODI MENT OF T, : TE 10.Th resent .j nventian
pref erably usesﬁsggé;n g‘r% 2@} sﬁ%‘@%/r e{E%sq\l é@%&%ﬁ@%ﬁ@ lfjosuétg' P%l%’lesaédr Bh’{)‘{] region
sem conduceomprisagud aedond edielEttac rfilk maconhand Youste degimisesdniprising FBRLEACEAE €
the substrate .is sjngle-crystal silicon [R:\LI BPP] 03494. doc: AVC 12 C
2005 WO 02 L61HS BEFP OB ST ATREOBIAIN i §FE PPAREOL piratERn and a second
opti onal | yinhil@hglsyragi@ped. The conversion and purification of polysilicon
to single-crystal sil icon i ngots and final formation of single-crystal
silicon waf ers Whereipispid dowrtineagioachtilenst pastialfyt oveakap smﬁd|sbcmxdtregiendhetws_slaﬁu
further. i - f .present invention, in accordance with one
elrjrtr)odienenﬁegﬁ?ggt %ttSf?l{tllgﬁg?%rﬂtaf)g%upérlsnﬁalggpcrystaI substrate is converted
during the manufacturing process into channel regions ]lcoy ﬁtCh! ngI t hr oug? I
f 18 of the single crysta
111 6on wafer GRAY TS thisBTorstee ot FTie CPoPNGATETSRN Dbz sathended. 41
di el ect ri dnwBh&iii@hfindfastufTer 2000 gheBslic @ecs@hifiRg. from those wused in
the art. Exanples of useful materials include silicon oxide, silicon
nitride, al um RFHGRSHRSITASLPRPLIANS RS lgest onemaiar latardsutface; and ani um  oxi de or

conposites ther e%- gF L.al ectri terial is .silicon

di oxi de grown Ssmé?tadr%ga@ gjtprorg'geh @éﬂﬁ OO%A%& ?rr‘lqlfnﬁeng?rp f.a?e&q%g&éceﬂﬁ‘faé'rell%ﬂﬁéayéb%l d

be sputt ercetpgpingepdisstt inshliting tegiving al firsapermat PO sorithinihg region having a cross-
sectional area and an exterior surface, a first gate dielectric region, a single-crystal silicon
region having a cross-sectional area, and a second gate dielectric layer, a second germanium-

containing gate conductor region having a cross-sectional area and an exterior surface, and a

second insulating region.

[RALIBPP)03494.doc:AVC



t echni ques, such as Jet Vapor Deposition, which is also known in themrBECZU(E
The thickness of the gate dielectric |ayer of the present invention is

bet ween about 10 and about 40 angstrom (10*10-10 netres and about 40*10' 10
nmetres). FIRST GATE CONDUCTOR LAYER 30 ]’tge_ preferred gate conductor for.the
present invention is germanium It shoul'd be understood that although

ger mani um can be used ing [ I S ible. to use

ger mani um cont ai ni ng conﬁ%@%ﬁgcnﬁjﬁ&&é Wﬁﬁ?i ﬁh‘#@@ﬁ?@ ni ng conpositions
i ncl ude m xt ur @efafred) @MBBAINbAAHT the Spreded P fnVehes e will &, 60 RIBERHbERDLY WayPh e
silicon can be as high as 50% by \Alelfo?lht' The gate conductor can initially

be deposi tZFAMRYE oly;And withrelasease todhgifoflpwinesspwiogs:vel y et ched in a
subtractive process or it can be deposited selectively onto exposed areas
of-the first gate dielectric in an additive process. Typically, germanium
and its m xtur d3GAIRE dpp$ i &d eblargedhemisgsdctivag orepetepastidn @ff O pEfst LT bRg,
as known ipn.,the art eful .thickngss .of the germanium | ayer i s between
0.01 and fr;l"n‘%"cg‘r”?f’r?.t 05?‘%8?”12%‘? I»O "1¥f°€l£§?8’§§“$ 8p afeﬁgoﬁ@m%ﬁouf#ﬁax BrteP1lfagg 400 i s
bet ween 0.saparated b) aQielediic il nsuldfiris@icR 26084 thedeties {s§Hodedica e {h?rste&l)pgf
first germaniumlayer s 0.05 and 0.3 mcrons. 12 C 2005 02/ 101834
PCT/ GB02/ (P26 smbedimeniafthepiesqntinypetiqmad ATI NG REG ON 50 One enbodi nent
utilizes known insulating or fill materials as used in the art. These

include the sane materials as in the gate dielectric, nanmely silicon
oxi de, siliconHPUREGR s a1 emtpngedrplox videy, artdad piossseokided segrha tiedreon contathtng

titani um ites. thereqf...These terials be. ¢chosen
i ndepende(r%tél}rg&(t)l%a% rlllsggg‘)‘;?l gxklgiggfee%%wf 298 ‘f?ﬁf(eédr %P&yﬂﬁc‘ﬂ‘r gﬁ gﬁr gt 8 Boessesd ¢
i nsul at i onthiwagle thieadterissofsd dcomh etbodiindat. ofhpIpedsert @dentidhOCHRSed EleingRS260

TECS proc tetraki s etha silane) for,a thermal CVD process to deposit
t he 0)F<) i d e&ﬁéheﬁ’ comprising 1 an t)e%ures 380 to) assist in connecting the dual ggte logic device to a%

external electrical power supply.
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CONFORMAL COATI NG 110 A coating of silicon nitride or silicon carbide is
deposited on the exterior surfaces of the first internediate ger mathumgC 2005
gate stack 38 and the exposed surfaces of the silicon wafer. The conformaP
| ayer 110 serves as an etch stop in the later processing steps of the
process of one enbodi nent and | ateral '?o'rti ons may be optionally renoved
in a poli ghl n ste fromthe final germanium.containing dual gate article.

CHANNEL L AYERIePHCEnkea30m80 AN e ht POREGD |°§é’s layout [forc am ARy nplIthe Agadires opathgt i ng
the two c&anidbitdueior dadiESef tEQEre?éAéd%oﬁﬂﬁéﬁ?%l depfeYddl Im%nggrsfogﬁwrﬁaq e

either a single-crystal silicon wafer bonded fndirectly to gate con uct or
30 or by clementcsiitidie jreatifiet evitf lispi umeriabll yefgrenues napnsisiehtip nm4iotained virara
known as 'ltb%‘?@ﬁlg,g@to the top surface of a gate oxide region 20 of
gate condu | ayer Preferably, the silicon channel layer 10 is

provi ded by bond| ng a single- crystal silicon wafer to the conductor gate
oxi de regions 20. The_si nql e- Msta waf er enpl oyed as the channel to
separate the gates i nPBi41k SERIPEIONQF T ENTE@Nas the initial
substrate 10. This is acconplished by reversing the orientation of the

i n- process deV| ce (i.e., rot ating the devi ce such that t he bottom

si ngl e- cr LOMPOS! A : DFn ¢ : EHE. PRESENDei ng
pl aced InIN{]E NTIeRf i guratl on it may be thi nned to | ess than 0.1 mcron and
pref er abl to between 0.03 and 0.1 mcron. At this thickness there
is optinmum gate control to regulate the device, and al so opti mum devi ce
drive cur ﬁg&aﬁm @r ocess for applying, thinning/grinding and polishing
this seco di scussed below in the processing section. One
significant benefit for using a bonded single-crystal wafer conpared to
epi-silicon grown |laterally over the insulator is the reduction in defects
associ at ed w t Rhegppseakinyentiongrefoiahly uses standardsvbbtratesyes tyfidallyWe D 2Y thO 18 34

PCT/ GB02/ %ﬁ%dﬁ&oﬁﬁ%@ctﬁ%Tﬁ‘hg r%s%gﬂngnﬁrus%%%tegq PE manu?acture the substrate

is single-crystal silicon

{RALIBPP]J03494.doc:AVC



One enbodi ment utilizes the sane materials fromthose discussed for the
first gate dielectric 20 materials, but are independently sel ected. 17" DEC 2005
Li kewi se, the processes for application of the second gate dielectric

| ayer are simlar, but independently selected to those processes descri bed
for the flw(é‘fmﬁ’a‘i?‘b dielectric layer. SECOND GATE CONDBCT/GROZB622One

enbodi nent utilizes the sane materials and processes, but are

i ndependently sel ected fromthose dildcussed for the first gate conductor

30 materials and processes. A useful thickness of the germanium/|ayer is
between 0.01 and 1 micron. A preferred thickness for the germanium first

| ayer i swhRk\easredn Qe 330idn Q3 JptCdnaimy LB BoddBSt TRy @&ﬁéfﬁgnt hi ckness

for the Lﬁ&;&n@%@m Ufan@xelrmaétQ ,Qégla yPea J‘i‘l% 9 gotid] Tc{' bj.gknesses of
nium | ,ayers eln nd yse ted. SECOND

the firs er ma Pen

DI ELECTR%%"‘FNSQPJLE ’lc{jl&g SR BOLOE, A5 o bt ‘t“ief"'refe‘é’ FifosEame
mat eri al &9 Bt 2459 ALPeRdenrineT o8 wdrediatuin ohéke Paisstussed for the
first di&veetiopc iprasaergpiqsgwiSd onpeembedipgns, PHORORES| BFrYiAYER 40 and 40a
Phot or essstigte-anybthhewphoeitel i4 hegeeapliarpigotessanofacticting prbe@s are  wel |
known i nidhecrande10fegliBaUEA6EdMIAdGh:S0dH ERNAMEE Oy ElphbiR- sub¥RdeC |y, the

phot or esist lsmesmmce 3 & LRELiRPSIH NG g;h@smafe\éebawr %l.ng and can be
either in dry fil mor I|qU|d formas applied to.the | nternedl ate

manuf act ure T?'F’é‘ L&Ay - be described in further detail the use of
phot or esf S ter |a{1§ éFI°6\A%A F ¥ %¥#° conversion of a portion or region of
an underlying surface or layer to be nodified in sonme fashion w thout

modi fyi ng ot [fake girleftons morerialgi EnvsoneTenibodimenty g Apldcshietrdnytioed ect i vel y
r enovi ngusedginotis aft.t Iisayphef of eselil. wvaierieby ibdoey efiikgn peidel ONs of the

| ayer s beneadnhnitkide] hASRInUAGRVRY, el £#i1061 X8 Camht RN MPdiafigd by

chem cal o,qke WRCRAMSEs meQS&SS%SmosImEP&L'Lé/ ga&hmg&kl didigajl on can be

made ei t;&q;cotnodepdes m%ﬁ sgandtarg or to the entire uncovered

he
| ayer. For exanmp overed sur?ace ‘Tan 5% ADdi 3% by i on
terials could be sputtered or deposited by chemlcal ‘vapor dep051tlon

techniques, such as Jet Vapor Deposition, which is alsc known in the art.
The thickness of the gate dielectric layer of the present invention is
between about 10 and about 40 angstrom (10*10°% metres and about 40*10-°
metres) .

FIRST GATE CONDUCTOR LAYER 30

The preferred gate conductor for the present invention is germanium.
It should be understood that although germanium can be used in its pure
state, it is also possible to use germanium-containing compositions. Such
germanium-containing compositions include mixtures of germanium and
silicon wherein the concentration of gilicon can be as high as 50% by
weight. The gate conductor can initially be deposited as a uniform layer
and then selectively etched in a subtractive process or it can be
deposited selectively onto exposed areas of the first gate dielectric in
an additive process. Typically, germanium and its mixturee are applied by
chemical vapor deposition or sputtering, as known in the art. A useful
thickness of the germanium layer is between 0.01 and 1 micron. A
preferred thickness for the germanium first layer is between 0.05 and 0.03
micron, while a most preferred thickness for the first germanium layer is
0.05 and 0.3 microns.



i nplantation or can be used as a growh site for additional layers F?%EC?f
usi ng processes such as sputtering or chem cal vapor deposition. 05
Al ternatively, the exposed region can be renoved by etching to reduce 12
DEC 2005 | 12 DEC 2005 WD 02/ 101834 PCT/ GB02/ 02622 13 thickness or even-to
conpl et el YW &M8134 t he layer in the uncovered regi on tHeEGBOY026MCOVeEri Ng

| ayers beneath it. The process of selectively renoving portions of the
photoresist are well known in the axt and typically are known as _
phot ol i t hographi c neans. This process usually entails, exposing certain,
predeterm ned areas of the photoresist using a mask to particle or

el ect r ompeet higrE@dt AthRBarmté feciok'£di ation process induces a chem cal
change in the exposed photoresist portions such that a change in physical

roperties is_obt ed reI ive to .the unexposed areas, The roperty of
&e&eﬂ_mngl%é@mwm§§ﬁﬂHW?mﬁP%% ﬁqﬂﬁﬁﬂﬁﬁhygfta -

i rradi at FOr"t BEt phRGP SFe | BRp ame Paterigfiscrs & the Jate dtedhetdtct hat wil |

di scri nmi netedy Fétigorrrxidre wipoverityie, imiexpos edider dasnivhrexidee case of

posi ti vetasakinngeighotoradsins biside abe asmidadtes thaverbeaReXpasadiHecone nore
sol ubl e t&h blienedenhaibpdn@nty 3k 108 R gad18ct dibeheR)£@IOVEd.

Negat i VGBMEF:'eB%QD&EPI@ﬂs%Ea%QJ 99&&9?.3{ ?eg'sPﬂ%d;ﬁ Qe84 e;( r&égﬁﬁur e are |ess

ible to etchin t hose _1.n_un ose elt case, the
3|u:greﬂn Ratng. etchi ng oBEES™T S“KHABWA %%p‘mfyh%ilérr’es g%r "tﬂﬁr\?‘é Ei t her
poSi t i vepr°6F“%é§a?F??fé \/58? ®¥HY phot or esi sts can be used. Positive- vvorki ng
wet. photoresists are preferred. TRI'M MASKS 70 Tri m nmasks can be used in
pl.dce of cplerMdretpsINGEberial s of the type discussed above especially for
photoresist 40a. In this case the mask is placed in physical contact with

the surface of cddiend b @iRAL Al e-180G a5 11 B8 SGEHRET Sf E)é’poglll@d Rh &L OUS
phOt or esé:&te:?lo@l é\ﬁ%eged’ft E":Henflrgg qgt.eetrﬁédpa&egermanium gate stack 38 and
the exposed surfaces of the silicon wafer. The conformal layer 110 serves
as an etch stop in the later processing steps of the process of one
embodiment and lateral portions may be optionally removed in a polishing
step from the final germanium-containing dual gate article,

CHANNEL LAYER 11

One embodiment utilizes a silicon channel layer separating the two
conductor gates. The silicon channel layer may be formed from either a
single-crystal silicon wafer bonded indirectly to gate conductor 30 or by
the common practice of epitaxially growing silicon (otherwise known as

!,.) epi- sillcon) onto the top surface of a gate oxide region 20 of gate
conductor layer 30. Preferably, the 5111con channel layer 10 is provided
by bonding a single-crystal silicon wafer to the conductor gate oxide
regions 20. The single-crystal wafer employed as the channel to separate
the gates in one embodiment can be the one used as the initial substrate
10. 7This is accomplished by'reversing the orientation of the in-process
device (i.e., rotating the device such that the bottom single-crystal
silicon substrate 10 now is the topmost layer). After being placed in
this configuration it may be thinned to less than 0.1 micron and
preferably thinned to between 0.03 and 0.1 micron. At this thickness there
is optimum gate control to regulate the device, and also optimum device
drive current. The process for applying, thinning/grinding and polishing
this second wafer is discussed below in the processing section. One
significant benefit for using a bonded single-crystal wafer compared to
epi-silicon grown laterally over the insulator is the reduction in defects
agsociated with epitaxially growing this channel layer 11.



areas to be treated. Treatnent typically involves etching of the Lir}covered
regions to a depth corresponding to the |ower surface 103 of the fi r Bk C 2005
insulating region 102. The first insulating region acting as an etch stop
to prevent significant etching of the single-crystal silicon substrate 60.
The mask MO @H¥34 enoved wit hout the need for a devel ®pi/Ggo2E2ep.
Optionally, the trimmask can al so assist in the process of selectively
ion inplanting dopants into the sindglke crystal substrate adjacent to the
gate electrode in order to formsource and drain sites. | NTERVEDI ATE AND

FI NAL PRODUCT DESI GNS Many of the processes and materials known in the art

of - sem saRtbGhtY podLEtTE Qk adaesl ogItep2da€Cchnol ogy are preferably taken
advant age of. However, the present i nvention preferably differs fromthe

prior art in that the fi is a.,du ate sem conductor devi ce
wherei n bot hno "‘LT‘}ime i zes t ﬁ'ﬂteﬁ%\ cf)ﬁ?%rﬁ?%e &HBIC A cont ai ni ng
gate 12 E?EC“Z‘GBE?%%?FEEHS%& WiGBEZP‘EFZB?Zl‘ld&P%'@ﬁEﬁ}Et%F%“aﬁd t hese gate
conduct obikewise, Sdparatsdehierasmplidasdrr ehahnekcondentodid@ctRref erably, the
silicon thvanret dimjler, b0t andbpereigntlyssel&ctaico COBP prsdsaafl dacsibagl e- cryst al
silicon paf efe £idBk Ha€e QethiScdaadgn is that as part of the process of
maki ng the final product the two gate conductors 34 and 34a are.

preferabé%owgiﬁcgg%ualok%gd one on top of the other. In the art, a
process that creates this configurationis referred to as a

"sel f-aligning" process. Many exanpl es of such processes are known in the
art since théEHrBMERIGrutalizgn tbhiars "periasi a8 suecesses. byfderstry. However,
a novel jderwdentfiprselerted fedmi ghope diidcubsedpfayitdeth rst tdaey ebnduproeduci ng novel
"sel f - al ignedtiajeramniruseseent ai Nsafgl duadkngat €  tho gbmadRK BaLUSt or devi ces.
|t shoul gktb@nnotoe thntiathi dabh Or o rdsebfdaCERBRRSs tt8r 8L fyealah QMENRL: Processes
do not NRGESSaHekVech®. 84 %n& Q. &G Rad b gl &y mwto&%&rgé thGneddr €F €71 ed
embodi ma&:tr thFoflrgg(%nR!agiu a?rezt ?g rp Oé ancg 0. 1 m erégp Thest:hicknesses of

the first and second germanium layers are independently selected.
SECOND DIELECTRIC INSULATING REGION S0a

One embodiment utilizes the same materials, but are independently
selected from those discussed for the first dielectric insulating 50
materials.

PHOTORESIST LAYER 40 and 40a.

Photoresists and the photolithographic process of usingithem are
well known in the art of manufacturing semiconductor chips. Typically,
the photoresist material is either pbsitive or negative working and can be
either in dry film or liquid form as applied to .the intermediate
manufacture article. As will be described in further detail the use of
photoresist materials allows for the conversion of a portion or region of
an underlying surface or layer to be modified in some fashion without
modifying other portions or regions. This is accomplished by selectively

'_removing regions of the photoresist thereby uncovering portidns of the
layers beneath it. These uncovered regions can then be modified by
chemical or mechanical processes. Typically, chemical modification can be
made either to the surface of the exposed layer or to the entire uncovered
layer. For example, the uncovered surface can be modified by ion
implantation or can be used as a growth site for additional layers such as
using processes such as sputtering or chemical vapor deposition.
Alternatively, the exposed region can be removed by etching to reduce



oftenti mes associated with the process of doping by ion inplantation.
However, in the case of the preferred enbodi nent the termself-aligi]

is neant to specifically refer to the vertical alignnment of the top g‘;{k&.ﬁm%
to the bottomgate in double- gate MOSFET stack. In order to achieve the
benefits &0 QAY8Hr ef erred enbodi nent, certain desi gnPEEEBANRE? ar e
required. Specifically, the prelimnary gernmaniumcontaining gate
structures 32 and 32a nust be positiwned so that at |east a portion of 32a
overlaps at |east a portion of 32. Furthernore, the photoresist 40a or
trimmask 70 nust be prepared to create openings that are above both

portions tf?fckké’la% &eamnw@snﬁo@g@e Refide ABE 8 1GAN AW GLONScovaea@did2a and al so
portions tgf iel.ectric insu Atgr regions 52 and 52a. The photoresi st

40a or trim Er’?ésuﬁmyﬁ ST RI%s S piGvide protection to two types of
predeterm ned areas where no etching should occur. The first type of .
cover ed areasTPRICatE ¢ etlerulyPly syringrrarpionp A tHeaphottresfstraye  and second
ger mani uRrdokdcan ninnghe gatteardornaictlingre dgiwonaBghaptitBRaarud megenpl et el y

resi de exgisuUpioéedsyuOMEly e@GhlH)Sexpdsinfedidan, PhleS@mdidd drype oOHfetne CcOver ed
areas 72Bndibel2E@hlhgl LRLAE S QER181LLY o RURLora&H: 0N S o hel e i C

i nsul at | g&@&ﬁfxfpﬁ&asa ARSRLS NGk Bl N e LLCLL ODOGITEN oL e i de

wal I s 21 tric corrp05|te

r egi ons °’ps et edcr rﬁhﬁn?%é"e"f‘%ﬂf?\]gp PEREER 1o P52 WEL Rt TATY VP ver ti cal .

I nthis ﬁ%ﬁnﬁ’é“r"i’?ﬁ‘i’é aX5P | af's BFORPTW IF 91?5?1‘[5‘191: Ao iRaRes £8 soXBilif4t conpri se
er mani uiP cortiad fermylatgare cAfheudrodiatéen obs PitoFisthéavercived areas, al so
%crl bedulgsctedi b arareasnt305t will|diberiboane edt@an ane eapdded by

ger nani Uﬁ&&c@ﬁﬁe&id’ﬂam Ot ehel ZasbE(E %@avmogl&/n&%%eMA GBARE 2622 15

conduct OfaRi bdedlexgaWibbiR el REUALNQ! erdl HRRERNBhSR  Ieafdl SleeCt T C

i nsul ati %Qﬁm%béoe r»ﬁgscqoe 4B8c1nd RERLEIGN phIMENLLA,PLELCIBDL Y T UT Lher

allows for t qce53|ng gernanlun}contalnlng gate
e _are ess sus to etchi th th d
conduct or P ThOUL BEsBRT Aty 0 etctiing than thise in unexposed area
In elther case, the dlscrimlnatlng etching process is known in the art as
"developing". Either positive- or negative-working photoresists can be

used. Positive-working wet photoresists are preferred.
TRIM MASKS 70

Trim masks can be used in place of photoresist materials of the type
discussed above especially for photoresist 40a. 1In this case the mask is
. placed in physical contact with the surface of the intermediate and as
described for the prévious photoresists allows certain, predetermined
e ) areas to be treated. Treatment typically involves etching of the
e uncovered regions to a depth corresponding to the lower surface 103 of the
first insulating region 102. The first insulatiné-region acting as an
etch stop to prevent significant etching of the single-crystal silicon
substrate 60. The mask is then removed without the need for a developing
step. Op;ionally, the trim mask can also assist in the process of
éelectively ion implanting dopants into the single crystal substrate

adjacent to the gate electrode in order to form source and drain sites.
INTERMEDIATE AND FINAL PRODUCT DESIGNS

Many of the processes and haterials known in the art of
semiconductor or integrated chip technology are preferably taken advantage
of. However, the present invention preferably differs from the prior art
in that the final article is a dual gate semiconductor device wherein both

final gate regions 34 and 34a comprise germanium-containing gate



altering the single-crystal channel that separates them Specifi cal1lyggcydn§
ger mani um cont ai ni ng gate conductors, constituting portions of a
self-aligned pillar 200 have a cross-section that initially is equal to
the cross-section of the single-crystal silicon. channel as is required by
the verti O%P %084 ng process described herei nbel ow. APCEGBIIBsNerti cal
et ching process the exposed sidewalls of the germani um contai ning regions
34 and 34a in pillar 200 are preferefftially etched conpared to the
single-crystal silicon channel in order'to reduce their cross- section.
The process is preferably perforned by either isotropic etching or
oxi dat i orofductdre fHardmed YateChtadtBtNGrLXRsadaSHy L ateso0eNaLat | Ng new
si deval | rsgihanes p36:eatd 22&2@ r&ﬁ%@ﬂ/cgmu 1a§r0?dcggdg gmcéa axe o

ni nt ai r
gg(r:ganpl :Jg}g&p% SE% ﬁg &%ﬁﬁf' crf'Stfgoe or wa?irB 3(5% é]i“'f) She pdwer |evels
of about *8%0°% 6’“1”566 t%tpf%cesﬁﬁaé‘fak’ﬂﬁe% tioatiere ﬁ"s the [fdo gatarani um et ches
5-10 ti mEsndugstrar34t Hdn3 ehareshref exohly BedeNiy arliged dResmarwhoSued et y
Synposi ustRrocdeditagst Vel prdd€ 1984, crpage shid 4dnitigurbOa, isYreteldsa from | BM
Resear chke dges medlifvanigaingalpsebe alathactafmies QF aRkh akddsded Sl i CON via an
i ndi 1 eCt kRHACHS nd Bl o MO GREGSohln idRl iy ﬁ,lnlext RE fe¥8Md &l kye Oxi di zing

be .achi ev ei t her
'?ﬁre?arrg: lu%&ugt:;yhe %&&é?”%eno%l E]ﬂlcegé)@br 1% aq.q?'nmentt 8 6 ?c?ra process are

about 50 eCfeb ¥r°aab “f' ’6"'%1 “secigb%ﬁ?mﬁ" ?ef’ﬁf‘f“"‘(%‘%‘tﬁ%’iﬁg fplox2t82582 pascal s)
oxygen, é?ﬁi‘cai:?&’tﬁmi‘ﬁ 50°¥/6¢1's bi as on the wafer. Under these conditions,
oxidation tines of 30 minutes provides about 800 Angstrons (800*10-10
metres) of oxitdettonbhbe Thesdnedat @tickabitoneeleoges B NURatAnk2 achi eved at
about 55@rdcessad @bmitt nddenatNyakQbte Bo ¢hé QhFtibORr GBIEE 19332582 pascal s)
oxygen. pldesrel assuiceRdi trbORRRPOUL LS SQmﬁ;Lgﬁ rﬁ{gﬁ,m,gnq.?»q; Ilgmlgx:rgte rgza] gfe
ger mani Um.t%hq\@s Q%cpﬁegrﬂw t@i E:gzgcegay\%f d%plng brﬁ OI‘ A ecgf Cf terrper at ur es.

h
\',I\'l{rjllzsgdof(1 t%}on a@hcf case °af md?’ie 5‘?{§§§P‘%°diﬂ‘ﬂ‘l‘3l?@h’?ﬁmlsﬁlﬁéh’i%‘ﬁﬁ?ﬂuct or Sci ence
and Techhol"® t°\/8?ec8flc§elﬁ$tr€rfr‘f)‘ia|t° f@@ge“'lPF]agh’@m}!ﬁ?éd?fcthxF@aialten and
Nitri dat FORPOPOREEP FaFf dfndSthlta@ate MOIFAT stack.

In order to achieve the benefits of the preferred embodiment,
certain design features are required, Specifically, the preliminary
germanium-containing gate structures 32 and 32a must be positioned so that
at least a portion of 32a overlaps at least a portion of 32. Furthermore,
the photoresist 40a or trim mask 70 must be prepared to create openiﬁgs .
that are above both portions of the germanium-containing gate conductors
32 and 32a and also portions of the dielectric insulator regions 52 and
52a. The photoresist 40a or trim mask 70 must ‘also provide protection to
two types of predetermined areas where no étching should occur, The first
type of covered areas 72a are preferably smaller in size than the Ffirst -
and second germanium-containing gate:conducting region 32 and 32a and
completely reside exclusively over regions 32 and 32a. The second type of
covered areas 72b preferably reside completely over regions of dielectric
insulating 52 and 521,

According to the preferred embodiment, the side walls 210 of pillar
200 and the sidewalls 260 of dielectric composite regions 250, created
from the etching process, are essentially vertical. In this manner the
pillars 200 will comprise sidewalls 210 that comprise germanium-containing
gate conductor regions while the etched areas, also described as void
areag 300, will be bounded on one side by germanium-containing gate



Zhaoqi, Liu Chunrong, pl779- 1782. In the preferred enbodiment, a qypb%gﬁt
etch recess distance for an exposed gernmani um containing surface is
0.01 to 1.0 micron. Most preferred etch depth is 0.03 micron. 12 DEC 2005

WD 02/ 101834 PCT/ (3B02/ 02622 16 The etched si dewal |
nd gernmani um containing regions re¥F&d0MERy are then
thereby passivated in a dielectric coating naterial 80.
coating layer prefe¥ably is conposed of germaniumnitride,

the first REQEE

encapsul ated and
This dielectric _ Fal _col _ _
germani um oxide, silicon dioxide, silicon nitride, hafnium oxide,

oxi de,

coating dJdvatekbAbillar @es RaieUsA Bhd btHde.sikd camgief ehd ade1REQGESS t he

surfaces 36 and 36a of

al um num

tantal um oxi de, or titanium oxide. Mst preferably the dielectric

ger mani Uning@nk ignédigodidy Geqios %1 di zed under |ow tenperature using a
nitrogen ion plasma to convert gernmani um oxide to germaniumnitride or

germani um oxyni tride. yoi d areas_300 subsequently have polysilicon or the

like filling 9% PHEPWe

EWPHER FFETeEPR Y P PRSI BeveL S FIS PHIECENE encapsul at ed

ger mani urBFESHEEIINT I EPpPIImAR ST R0BE SARIPIHAP HOBIBEERF sCHIFPPULSAPERUIRLLYT i r St

di el ect riddtémisulche ishrplfidristadycbannel tiiat lrepagerenthedi ebpet ficelliynsul at i ng
fill |ayehe (sgemetat-esheahininggate condedtbi«,akbondt it HgOFR6 s hen pol ysilicon
I S used ide1f-S10fakd Qﬂﬁla!:-)éodweéjab&ogﬁgéﬁiigﬂ Qﬁ'atoiniQig.%aigee af gbne, or
phosphi nG.ne ThescIERRSL] LORPLAGESS.£AM NS REL LI Y, SHel, pragesses as

batch th | _ch |, vapor osl.ti.qn sma chem cal Vapor “deposition,
o?, CpI as%gg'ﬁﬂéﬁgfenﬁg%ﬁ%ipg%: s"v%&%‘”&é%ﬁgff#ﬁ W P&rfeér%{’ﬁlvr’é’%aéoo t o about

50Q C. DIpFHE® AR B “perierntd:

“BHEr O FRope e - corEdipinge pr9dPRsS on of t he

pol'ysi | i G8rAnfi 1P inPidLareR0t arprgsareat rdly ceched Fodpaed toitbes. Doping with
di bor ane sigglserrgstadrsipinpspishmrel vin| drdegever@tigectieereréisorsebk foipe doped _
Tiree pobaess liks qantdrablyegkrEsrined BRdiiohee ismtfdplié Reénipg @eessed by reduci ng

sites.

oxidation of the germanium-containing exposed surfaces generating new
sidewall surfaces 36 and 36a respectively. Etching of a
germanium-containing surface relative to a silicon surface can be
accomplished with CF2Cl2, at 100 mtorr (13,328 pascals) and power levels
of about 500 to 1500 Watts. Under these conditions, the germanium etches
5-10 times faster than the silicon (see Materials Research Society

Sympogium Proceedings Vol 316,1994, pages 1041 to 1046, Yue Kuo from IBM .

Research). Germanium can also be etched preferentially to silicon via an
indirect process that proceeds by initially preferentially oxidizing
germanium in the presence of silicon. This can be achieved either
thermally or by a plasma process. Conditions for the plasma process are
about 500 C, at about 0.5 to about 0.7 torr {66.6613 to 93.32582 pascals)
oxygen, and about 10-150 volts bias on the wafer. Under these conditions,
oxidation times of 30 minutes provides about 800 Angstroms (800*10°°
metres) of oxidation. -Thermal oxidation of gefmanium can be achieved at
about 550 C and about 0.5 to about 0.7 torr (66.6613 to 93,32582 pascals)
oxygen. Under these conditions about 630 Angstroms (630*10°* metres) of

germanium oxide can be grown after two hours.

The germanium oxide can be washed away by meane of a water rinse at
room or elevated temperatures. Thesé oxidation and wash conditions are
published in Semiconductor Science and Technology, vol 8, September 1993
"Plasma Anodic Oxidation and Nitridation of Germanium Surface", Sun
Zhaogi, Liu Chunrong, pl779- 1782.

In the preferred embodiment, a typical etch recess distance for an
exposed germanium- containing surface is about 0.01 to 1.0 micron. Most
preferred etch depth is 0.03 micron.



the height of the polysilicon fill 90 to Iess than the height of the ,
pillars 200 and dielectric insulating conposite regions 250 with the ASEEC 2005
of a plasma reactive ion etch (RIE) process. The R E process preferably
used in the present invention utilizes either a chlorine or fluorine based
pl asma, a¥WO®/18YwWn in the industry. After the pol ysi P¢uGB02f02d2t is _
recessed, the wiring necessary to electrically connect the source, drain,
and gate is provided. EMBODI MENTS ORs THE PROCESSI NG STEPS FOR THE PRESENT

| NVENTI ON One preferred enbodi nent of a process to manufacture a dual -l ogic
device is depicted in FIGURE 1 and includes the follow ng steps: to a first
outer surfacemlXtefeddsilabladl kAALEIETHIIL o2 éﬂeCﬂQs%{;fl 34098' Sa i form 12
sequent i rmla

DE?: 20058‘4V\B¥lblg1 6&%%3,‘%!5%%5 %ﬁ@ilrﬁ%fgwfgy frg%gen ?ncap:gﬁatr?am ém cont ai ni ng
gate mat€ sty %Tf‘“‘éftﬁ%ﬁf‘oar fyetasrate Gpating F“F'c%hald?‘bm 8 PoptecErifor med, and a
uni f or m FRAFER9 &iven PR AP 871 st s eompeRgd et grmapgup pitiged gekmgfV@URE | a); t he
phot or es¢sile] aydron@iddde hevlifragedidenthadeinel oped tlomgemenate devel oped
regi ons dehtshatox@dOSe tLRGi Nexiaé. MEHREPreSeabRE €hel @he10ét i @oatshg i cOn di oxi de

| ayer. 10!€¥\te£fa|1CidR§erl'n5})1umtnh@rlapentrﬂgspréﬁr@éde theks treated Wlth etchant to
conpl et eg,aemg,amvcsnéahsingum&r Lyi D6s 2O LPNS 13 é@&ﬁ%%? e 100,

ct eciric 20, and partially
JCen t ot gn'ltnafogl qg?"%ago vee uemori °fbcge td gemﬁ%’rugt’éltéque% surface 16,

etch the sin 1Fco
al | 1yi n{f*BERERCR T HE e Openl ngs 44 (FI GURE Ic) renoval of the photoresi st
t hen uncovers the upper surface 103 of the remaining silicon dioxide |ayer
102 coveri ng Vehe agpar rfani swbsegonitdy havegpolgailecaonad ibd aike egilomsoB2, and t he
r emai ni Ngscgesnecrdi @il eadsr :C récRGIOBGKp2%ind BNS ch@pBilAgeat € stack 38; a
uni f or mgefi'ﬂﬂﬁgtﬁ-'mtak@.\ﬁ@rpi@farg b %Lx@q:tiﬁ-ags Cﬁ@@téoﬂ&im{;e{ﬂeaéi’rst?l l'icon

dielectric insulating fill layer, and the second dielectric insulating

£i1ll layer (generated during the vertical etch process). When polysilicon

is used it is optionally doped by deposition of diborane, arsine, or

phosphine. The deposition process can be performed by such processes as

batch thermal chemical vapor deposition, plasma chemical vapor depositiomn,

or plasma enhanced chemical vapor deposition, preferably at 300 to about

500 C. Doping can be performed either prior to or after deposition of the

polysilicon fill in order to prepare gource and drain sites. Doping with

diborane, arsene, or phosphine will geﬁerate either P or N-type doped

sites,

The polysilicon filled intermediate is further processed by reducing
the height of the polysilicon £ill 90 to less than the height of the .
pillars 200 and dielectric insulating composite regions 250 with the uge
of a plasma reactive ion etch (RIE) process. The RIE process preferably
used in the present invention utilizes either a chlorine or fluorine based

plasma, as is known in the industry.

After the poiysilicon £fill is recessed, the wiring necessary to
electrically connect the source, drain, and gate is provided.

EMBODIMENTS OF THE PROCESSING STEPS-FéR THE PRESENT INVENTION

One preferred embodiment of a process to manufacture a dual-logic
device is depicted in FIGURE 1 and includes the following steps:

to a first outer surface 15 of a first single-crystal silicon wafer 10 is
sequentially applied a uniform layer of a gate dielectric 20, a uniform



nitride or silicon carbide 110, is applied to the uncovered regions 2{ he
single-crystal silicon wafer 16, the topnost surface 103 and verti DEC 2005
sidewal | s 35 of the pillar 38 conprising silicon dioxide region 102,
gernanlun}contalnlng gate conductor regions 32 and the gate dielectric

regi on 22; VS %e fi11 50 is coated over the silicorPGIYGRO/#R622110 coat ed
surfaces of the single-crystal silicon wafer 10 and the silicon dioxide
102 covered germani um contai ni ng gat®e conductor regions or stratum 32
(FIGURE I d); planarization is performed to uncover the topnost .surface 103
of silicon dioxide coating on the gernmani um containing gate conductor (the
silicon nitdyedescogtinagiuvhlnbiasidl e bRes 161 %beq ifuh@mmt D eHRpEr NoSt

surface 103,110f0n! Bituctid 16500, géz%& dela andid Sy ClaG8l 88 WLIoEMNel ght for ‘the
ger mani umc alte?arlu&giag 3 Ité%;{Eor regl on nd the oxrde till regi on
Si I I

52, (Fl&U secom Con Wefer 60 havi ng a layer of -thermally
grown silicon oxide of about 500 Angstrons (500*10-1lnetres) (not shown),
sai d t herthalahgtorgistntadsrod de they éradeéiand devrideell to gedreatd anari zed surface
103, (Fl GUREevelpged #egiddEQ420G0D AELdd2+<bAdd34:s Rfpkt GRA2{R202 21 8heFOR THE
PURPGOSES OF s il &XoxI&E 14 MR oURAIduRIN 145 DESCRIBED I N THE NEXT STEPS ARE
OBTAI NED BY ROTATI NG THE CONFI GURATI ON OF THE | N- PROCESS DEVI CE I N STEPS

1-8 BY 1 S| THI S ROTATION IS
NOT NECE%% (;EE‘Q“%EE E%iﬁ/gg’i EFE“‘FE&SA‘% % EWH}U# izfﬂfxféSs BUT IS
UTI LI ZED I N E" YBECPECEAPE i P dRIUE°TﬁE"PR‘ETJE’S’StB:”“9\/AM9FACTURE TO
THE TOPMOST SBIIBREP™ (For (IBRE i ereytrif HE. fand prisiahly etddy st singkd-Fiwsomt waf er 10
i s’'ground t&iliAeR Hsk HOoftot draeratow howeyrisesy Lacelll Tyind Denaftntdne silicon
nitride andepolisshed imcurgruer to reduce the thickness of the single
crystal silicon wafer 10 and thereby renove the silicon nitride 110
ori gi nal l-¥mdeT ioZ GRE Anbdbresist then uncovers the upper surface 103 of the

remaining silicon dioxide layer 102 covering the germanium-containing

gate conductor regions 32, and the remaining gate dielectric regions 22

thus forming gate stack 38; 7

a uniform, conformal layer of a dielectric coating material, silicon
nitride or silicon carbide 110, is applied to the uncovered regions of
the single-crystal silicon wafer 16, the topmost surface 103 and
vertical sidewalls 35 of the pillar 38 comprising silicon dioxide

region 102, germanium-containing gate ‘conductor regions 32 and the gate
dielectric region 22;

.{””) an oxide £ill 50 is coated over the silicon nitride 110 coated surfaces of -
o the single-crystal silicon wafer 10 and the silicon dioxide 102 covered
germanium-containing gate conductor regions or stratum 32 (FIGURE 1d) ;

planarization is performed to uncover the topmost surface 103 of silicon
dioxide coating on the germanium-containing gate conductor (the silicon
nitride coating 110 has also been etched from the uppermost surface 103
of the silicon dioxide) and to create a uniform height for the

germanium-containing gate conductor region 38 and the oxide f£ill region
52, (FIGURE le);

a second silicon wafer 60 having a layer of thermally grown silicon oxide
of about 500 Angstroms (500*10°'° metres) (not shown), said thermally

grown dioxide layer being bonded to the planarized surface 103, (FIGURE
1f); '



residing on the first single-crystal silicon wafer 10 and to further

create at | east one silicon channel 11 residing on the dielectric géﬂbDECZ%S
region 22 which separates the channel fromthe gernmani umcontaining gate
conductor region 32, said channel having a thickness of about 300 to about
1000 AngsW®RH0BIMD00* 10- 10 netres) (FlI GURE ig); sequeRET/@BIyn2@dati ng

uni formlayers of a second gate dielectric material 20a, a second

ger mani um cont ai ni ng gate conductor B0a, silicon nitride 120, and

phot oresi st 40a over both the channel 11 and the dielectric oxide fill (or
dielectric insulation fill) 52 regions, (FIGURE | h); the photoresist 40a is
i maged and dexgl ﬂ@eﬂxnb&gﬁr&%ﬁaﬁﬁvﬁige&n?ﬁﬁhﬁﬂ& 43des@ferOpeRiIgs 44a, the

covered [ag Qﬂ'%s %'RBEJBEIA:%ED B?%Em%% érhﬁﬁo 1B RMor ’P:IE EJ‘EnJ&sé t germani um

cont ai ni n conduct or ons ortion acent

di el ect I’I%’g IIN SrTéEPS 8‘3% t e T&FeTaSSI\A,ﬁe'? BEFQE OSF%MS s"Jt) openi ngs- 44a
are | ocaf'@d, R?TOFNNOWSN% NTQ‘?@S@%WW‘HFBIIQC’E“F&CTPHS AR IMAyer 120, the
second QerefESS BWF GBIV EHIAEJN JHE SPEFEHATEROFC CONIERVEITHE, PROAERSt P2 second gate
di el ect r mevvFsgrere 20 auBrrernist s1et)clexduRmoiuncover portions of the first
dielectric fill 52 or first germaniumcontaining regions 32 to create

unet ched £ £gi,Q0S:1081e5L.A6K3 s QBRY uﬁepqodisegl%ﬁw L6 chDSULAL LNYLd €91 Ons 122,

ger mani um contai nin re a at electri regions 22a and al so
creating vor dt1 %%g ‘%rfls q?%l ?J%%ESSFE cSL Fﬁr ée *The r°glma| %I ng(hphot or esi st

areas 42a &FET EhoYEEe éﬁﬁl t&h""B?(‘isd%f e I“’%%\ °F§““bc§é’t’€8“ 4988 the topnost and
out er surf ap@$heyreby xemovg fharsidigopauesidssdo esfairhblyskardtrityér mani um

cont ai ni ng rgaitdénc omdbe tfdrstr eigobrisry32al andcorouifer Wurfdagesumhert he gat e

di el ectri c ckegeoit Padat ane€ sinticon tchennel abetsprieqsndha dierddesicdguteng t he
precedi ng st@Rn LRHAREepdchieslehe Dilansd0boMOn0 Zfe Likh83d el {ERO2/ 02622 19

pl anari zat igon, L&d&?{oi%gm by é—h@"!;‘i@&fll GG CRlenITRELNAN LB, PTREESSI NG O
uncover theoShLICOMoNELAR GOR IS 1263 FRGREELRNI UM contarning

sequentially coating uniform layers of a second gate dielectric material
20a, a second germanium-containing gate conductor 30a, silicon nitride
120, and photoresgist 40a over both the channel 11 and the dielectric
oxide fill (or dielectric insulation £ill) 52 regions, (FIGURE 1h);

the photoresist 40a is imaged and daveloped to c¢reate covered regions 42a
and openings 44a, the covered regioné should at least overlap a portion
of the first germanium- containing gate conductor regions 32 and a
portion of the adjacent dielectric £1il1l1 region 52; in the areas where
the photoresist openings 44a are located, portions of the gsecond
dielectric insulating layer 120, the second germanium-containing gate
conductor layer 30a, and the second gate dielectric layer 20a are all
etched to uncover portions of the first dielectric £ill S2 or first
germanium-containing regions 32 to create unetched regions or stacks
comprising dielectric insulating regions 122, germanium-~-containing
regions 32a, and gate dielectric: regions 22& and also creating void
regions 46a (FIGURES 1i and 1j);

the remaining photoresist areas 42a are removed and an oxide fill 50a is
coated over the topmost and outer surfaces of 122, outer surfaces 35a
of the second germanium- containing gate conductor regions 32a and
outer surfaces of the gate dieleg¢tric region 22a and into the etched
areas 46a formed during the preceding step, (FIGURE 1k) ;



gate conductor 32a and to create a uniformheight for the silicon nitride
coat ed germani um cont ai ni ng gate conductor region 32a and the oxide fill
region 52a, (FIGURE 11); a trim mask or photoresist 70 is printed andl 2 DEC 2005
appl i ed tQ‘B)tt{lﬁ Ianarl zed surface to create openings that are above and
enconpass ger mani um cont ai ni ng gate conduct B¥ECBROAY 32a and

al so the diel ectrl c insulator layers 52 and 52a. The photoresist or trim
mask 70 should also provide coveradé to two types of predetermni ned areas
where no vertical etching occurs. The first type of covered areas 72a
should be smaller in size than the first and second gernmani um contai ni ng
gate copbwetizagioneiyi perfdiheang d2sdaatidhediocall de@Xaicdsipredeysimgsiode over

regi ons . 32ubeh:32@ ilifon nitQideCeHaOlty Of2 S2ekY gOR@nfuRSdolGiNngder 72a.) The

footprint agee hasld: SHOULH L Q@ga%toar@mtesnmelgﬁéqg; éw%phc smal | er of

the footprint areas of covered areas

72b shoul d Fes 3 CE6F Igeﬁmglfium °°ntamIn |%arri °8?§“5 i éigtlf’”i‘)ég)a PRSPt i ng

| ami nate coMpPs §?Jr?gr?2°%1ﬁaa'5é%m”‘tsi ”é no regions of 32 or 32a reside
“under 72b (FIGURE in), vertical etchi ng (i.e., trimmng) is performed to
creat e opemimyssK300 parrdrediot Mo gat B-istedCdadpippl iast2Ofk phiatriaee conposed of
ger mani um CoiRtfieNidgreagé toferi AGMILIGE O4rs 06k Whd chcdhpase sicdlenal | s 210, these
pillars ar egéﬁmarafc&@aiﬁiqgwa@glc%ac&frs di el 8cibi Gafdikh £2Q; Q%Cé‘n‘é' stance

al ong the [ fer e i spose second silicon
substgr at e G%SL%QQ&%%%?S% S gzG\erﬁgl }‘ r?sq“ °trh5f1msmﬁ%‘s?€a eelst arting wth

a silicon oX PRSP EST SO t?i P r€peey %‘%/ﬁﬁﬁﬁlffﬁﬂ"%ﬁtaé?ﬁ‘? f*§d%e  conduct or

34, a first"eg&ta (flg‘ékrléﬁtﬁcF‘Esr e'g"’f‘ﬁ)ﬁ“'z'& tyge of |Jorensdcirammads #uld desecond gate
di el ectri c gmeyiesnimaire Bandborfdrygermvaricor gomesiuni egtgaig gacenduct or regi on
34a, and a ®nrdictty mgtied de ahdp28ead siddd dxBlLBEERY He@ideddvegrebitRspri or | ower
gate stack,323zhdand P2e. Wb hre§idfs WPRAI 0:084Lr&i8E inaer323 . ARFe 222 (FI GURE in);
the ger mani g Lo afalafg-/aazﬁou@@rm&%%&resb L&'%X\@J Lstm?,f ﬂ%gméé?r i1 recessed

usi ng eit h%&\evﬁgtpqg.ntdgyea Qt :!:e% on 3 k5’2at cllhaa sec eogg h:ype 0 cove;[re 0

areas 72b should reside completely over regions of dielectric

insulating laminate comprising 52 and 52a, (i.e., no regions of 32 or
32a reside under 72b (FIGURE 1m),

vertical etching (i.e., trimming) is performed to create openings 300 and

form gate-stack pillars 200 that are composed of germanium-containing
gate conductors and which have sidewalls 210, these pillars are
separated from regions of dielectric fill 250 by a distance along the
silicon wafer 60; the pillars are disposed on the second silicon

{,_) substrate 60, and composed sequentially from that substrate starting

' with a silicon oxide region 104, a first germanium-containing gate
conductor 34, a first gate dielectric region 24, a silicon channel 13,
‘a gsecond gate dielectric region 24a, a second germanium-containing gate
conductor region.34a, and a siligon nitride top coat 124, in order to
align the prior lower gate stack, 32 and 22, with the upper gate stack,
32a and 22a (FIGURE 1n);

the germanium-containing gate conductors sidewélls 35 and 35a are recessed
using either wet or dry isotropic etch, to a depth of about 200
Angstrom 200*10°*° metres), to form 36 and 36a respectively, leaving the
remaining sidewalls 210 comprising silicon nitride topcoat 124, the
silicon channel 13, the first and second gate dielectric regions 24 and
24a, and the silicon dioxide regions 104 unaffected, (FIGURE lo);



Angstrom 200*10- 10 netres), to form 36 and 36a respectively, |eaving the
remai ni ng sidewalls 210 conprising silicon nitride topcoat 124, the

silicon channel 13, the first and second gate dielectric regions 24 J&EDECZW5
24a, and the silicon dioxide regions 104 unaffected, (FIGJRE |0); 12 DEC
2005 WO 02YABAI8EH pCT/ GB02/ 02622 20 the sidewal | s 36 BRHGBEA2GE t he

recessed gernmani um contai ning gate conductor stacks 200 are initially
oxi di zed and then converted to a gefrmaniumnitride encasing |ayer 80,
(FIGURE ip); the void regions 300 separating the recessed
germani um contai ning gate conductor stacks or pillars 200 fromthe oxide

fill reginsifdarRthcddda 3@ 6t fid |r@éiawdt&Erﬂﬁliﬁﬁjcbﬁ\ﬁ@ﬂmgcba‘:\@‘ doped at about
10E19 to ab%Eu&QE%lackgtﬂlaBJrgﬂﬁlei 16;0,%1& @ﬁg&lﬁatﬁg@e&u@ux 10E20, to

provi de sour ce/drain ont act. opant in the
pol ysi | i con®dl" ?r’flt‘itgé%trll% c?ncatsﬁ’ég saye {}?&E ilicon channel thereby

formng the source/drain extensions for t he doubl e gate device); the
hei ght ofha Meldpergydisl ? PopePRI4ting theg Sedegsqdeghrnerdutyebepaining e8¢ ght 65 of
recessed gesamautoimscanks adrnpingagat® Hondbetaidestagkesg24ld mnehd hen oxi de fill
regi ons 54 anrdriddes anwd pesiitél Qoky abpdaCNabRgi 1086 (Sakdueeioangd drain) are
el ectri cal Wtoﬁ?/&lﬂ?%ﬁ:eaq $z°pt£§edsh€'gla@1m§f1){lsio%ho SLd LEQRAERANRE ara{£Ti ONS

(FIGURE 1 Q) ces romth olys Ilcon oS di ffused
into the S|cn°é‘}:a°ts Vs ?h% © E) °p grm SUPE é?glg"nngltjf *8n€3ns for the

doubl e gat € *ﬁ?ﬁnaﬁ/FiVétalTﬁ’elié?PDSIEﬁnﬁ%lnf*?rﬁfé’sE?rf"b'@dt}rfef‘%‘i‘?ﬁdﬁbax}é" require

el ectrical ®GAHders &9 thodadleget Amicgdower supply in order to function
properly. An exanple of a useful nmethod for formng electrical connections
bet ween thehdlight ofemeadl yHIL ffvh €f i1 B @irddia Sisa AdlutdiChEGU Ithe /hel i gt Nesr i ONS

i ncl udes t hecesRBHethalirOBorRhindnd 386l AGaRadr 38k ADoCAR e e&h i n FI GURE

2a, dual gagg, r%{,ﬁ,&r@rsu 21805 daSarfy! &@K%ﬂ hmmoélrdg%npmﬁ%y hhicon regions

ggns&lLL?gC{iralxs arenEIeCZrlnBﬂg caégxtxé'clzi;:eed 9 eessu?glg cex“ynsetrcla icon ¢ an.r% pad 380 is

regions (FIGURE 1q). 1In this process the dopant from the polysilicon
is diffused into the single crystal silicon to form source/drain
extensions for the double gate FET device.

The embodiments described hereinabove require electrical connection
to an external power supply in order to function properly. An example of
a useful method for forming electrical connections between the dual
germanium gate regions and the source/drain regions includes the
construction of a landing pad 380. As can be seen in FIGURE 2a, dual gate
element 270 is flanked on both sides by polysilicon regions 90. During
the time of manufacture of these elements a landing pad 380 is constructed
of the same components as the dual gate element 270 and is itself an
integral element located at the end of the dual gate element 270 and
having a width that includes the dual gate element 270 and the two
flanking polysilicon £ill regions 90. A typical construct is shown in
FIGURE 2a comprisihg a top-down view: and a cross-sectional representation.
The orientation of the top-down and cross-sectional representation views
are orthogonal to the views presented in FIGURE 1.

Referring to FIGURES 2a and 2b, the process of making the electrical
connections begins with coating a photoresist 340 over the top surface of
an intermediary dual gate device 270 and imaging and developing the
pPhotoresist creating an opening 350 essentially having a predetermined
crogs-section. The opening 350 is over a portion of the dual gate pillar
200 referred to as the landing pad 380 and another portion of the opening
is over a section 320 of the silicon dioxide £ill region 54. Etching by



of the same conponents as the dual gate elenent 270 and is itself an
integral elenment |located at the end of the dual gate elenent 270 and

having a width that includes the dual gate element 270 and the two 12 DEC 2005
flanking polysilicon fill regions 9D A typical construct is shown in

FI GURE 2a ¥%#P183t ng a t op-down vi ew-and a cross-sect PEREBO20R3E esent at i on.
The orientation of the top-down and cross-sectional representation views
are orthogonal to the views presented in FIGURE 1. Referring to FI GURES 2a
and 2b, the process of naking the electrical connections begins with
coating a photoresist 340 over the top surface of an internediary dual
gate devigge Otzz&gartdgio:gfx%ggsmd ﬁey&?kQQnQ hepnrabpfg%sﬁiuﬁt%aﬁéeat ITRg an
openi ng ' Wi . erm ned. cross-section. e opening
350 is o&gg éﬁéggﬁogﬁgo ° t%\ééﬁgéfrpétge%?’l ft'@éer 591?6?5‘ ‘r:eafméerrgﬁ ™ as the

| andi ng PR 3% aHE WHOI*hETR Fo it 1B PBT-ipHY BF@ PRGOS IBRH YA sect i on 320
of the siFRtcdh dibkPde™rey theegldsh Sathepinppy 9grmayive20apEG4200% WO 02/ 101834
PCT/ GCB02£0PIE2R cRdnnpl RP E apdrtbeidhndihe repeni nge 3utbseds (pewkoemed to the t opnost
germanium gate 36a, the topnost gate dielectric region 24a, the silicon
channel 13, tHe uwldienBbpdaaiesheel RCLy LG 15501 808n 246 @85 RALLLL Lt Yai nto the

| oner ge L c 4 R 8l de f.the per germani um
gate 34a%ﬁ%ﬁ§w§§ii?%§ﬁ%%§éﬂ%ﬁ§}egf§ J?;Q q{‘%té %éﬁi(ffnsch%aaypé%ﬂgre exposed

( FI GURE égg TRE TNTEVRrOped” SHOT o e kimeeraryreg rufb%éo“ef‘?%ﬁ’f‘irﬁ% top surface
and al | *#885058N 50U ratlds: SPe™allnj Vet edPidsr SRPSS FrAFiewndie i ons t hat

t ypi cal | gxpope [suxfecemob kg el ipbashmnell 12|aed Fbed gtonpen dateess ahisef ul

t efiper at Bfesre rangetsir owp 508irt sFRGre opidesmirhe/ dGRAG: dHadaRst hese

condi ti OBSmkd QrerikPAS &S LGRS 19fand 10a Skl itgARGRAMIG! 53 Jngftdobot

ger MaNi U @aé-eSnedfediWhil S4Re AERNCANUE! LiRd oBhdd Lheld, sgspecti ve oxides. The

depth of .{he .t hyus, [ e mOr)élgl Qakd ngs 7 and 37a are typically
about 50 %r%gs% rlgrsﬁ t{yg%{;?gr% %’?r%gft |ﬁ%&3ﬁe cf'ep ﬁ-o‘FI‘%"ﬁE *fhus f or ned

silicon dioxide
Removal of the germanium oxide coatings 37 and 37a, without

simultaneous removal of the silicon oxide coating 19 is achieved with a
water rinse at ambient or elevated temperature. In this manner the.
silicon channel 13 is protected with an insulating layer 19 thereby
electrically isolating it from the subsequent steps described below;
(FIGURE 2d).

By conventional chemical vapor deposition (CVD), doped polysilicon
90 is then added to the contact hole or void 300 and the upper surface is
planarized by chemical mechanical polishing (CMP) (FIGURE 2e).

The contact and wiring scheme is then completed by depositing -
dielectric, such as silicon dioxide, over the planarized wafer surface,
and then patterning the silicon dioxide layer with a photoresist (not
showu)_and etching the resist patterp into the dielectric layer 55a. The
etched pattern 55a is designed to create a minimum of three via openings;
the first via is positioned approximately over the filled contact hole
350, and the second and third via are positioned partially over each side
of the polysilicon £ill 90 which flanks the dual germanium gate pillar 200
and partially over the surrounding silicon dioxide insulator 54. The at
least three via are filled with a conductive material such as tungsten or
copper, using conventional techniques to complete the electrical
connection between source/drain sitesg 400 and the landing pad 380,
Typically, conductive wiring is attached to the topmost surface of each
via to electrically connect the dual gate device to an external power
source.



coating 19 is typically about 20 Angstrons (20*10"10 netres) . (Fl Gjﬁg
Renoval of the gernmani um oxi de coatings 37 and 37a, w thout sinult BEE; 005
renoval of the silicon oxide coating 19 is achieved with a water rinse at
“anbient or elevated tenperature. In this manner the silicon channel 13 is
prot ect ed WM ®2H018H i nsul ating | ayer 19 thereby el ect rrcmtBoyoisspl ating it
fromthe subsequent steps described below, (FIGJRE 2d). By conventional
chem cal vapor deposition (CVD), doped polysilicon 90 is then added to the
contact hole or void 300 and the upper surface is planarized by chem cal
mechani cal polishing (CW) (FIGURE 2e). The contact and wiring schene is
then conpl et el chyugH AROSrbidiBea mbemewsl Lre SHCHIES 181db QN AL Qxi de, over the

pl anari z A &N, ter ni 'ghlgms I.con.di oxi de | ayer
pl anar pﬁ%ff\(%l?fe % u%w 8 t%mqgf BRLHRE HeBehlign chacciind] O] 0 TEYE

di el ectri'c Tayer e P ahepé‘?‘ieé"r‘r‘?“SSBY "%Y désﬁx@?‘l’ B b ereate a

m ni num 8793t Piceke \?P%}Yo'ﬁ’én‘faﬁg%‘s mageraatq puth a4 shg dnsybasior ilevredi®ppr oxi mat el y
over thethq Brtedeqdnttattrepighed2, 350, tharudte ldéelsecdndegivd 22higaghvwna ar e

posi t i onethppetret btlekly onvigscreac Areab de chaf subberapgl yisink idepyaifingl an90 whi ch

fl anks t hesuditahg GeE1BR N2 M hd la88crdQ0su 2Rt s RS tHeakdnYe QY ES Exhe

surroundiflg @lohc &edgt%ad%aa géleLﬁ.IeQr 5%{ NCnlinal 87, LG8V 2 are

filled onductive ria sten or per, using
conventy\%ngr "iagc “Ps Ges 'S ﬁ ee?pg T"élé? %"é‘Fmgc?fhﬁléegtl on between

sour ce/ dFRER"%EE te§n gbb" 536 T"ﬁé“‘gl ’é.’n&ﬁeﬁ i ifAreanehouldppi@ETieg cutonduct i ve
wiring i5° d&PITatifedined whe st¥FRoSPLlevad i dershitdar 9f ayjinpularop|fddtrical |y
connect #He theattched eredevi Te ahqrhemn embotibrenal tipowAicors olbxtde 12 REC 2005 WO
02/ 10183thiPCIAGRERI 8262374 APtehl dthpiigheot Weafy efisiRd wEhati BeNkSiAr e
descri begbrntd detedk lectiedCaRas [ EaELd XpiCcdtElE LS 10O {iRaE ALNGEL ead Sts ot her
per mut at ﬁéﬂ@senﬁnbcﬁtnery@LHsddes%Hblecli tf:aéoL'm \Mu; ml.ﬂltt gﬁ%e SEQLJ}J Eanol];e t he I nvention. By
way of efﬁ%@;ungentlg se?ected to form the second gate stack. A proviso to these

alternative processes is that there should be an overlap of regions of the

first and second gate stacks.

In another embodiment, it is desired to use a silicon wafer as the
channel that is other than the original silicon substrate. In this process
the original substrate remains in its initial configuration (i.e., the
dual gate element resides on the upper surface of the original silicon
substrate). A second silicon wafer is then used as the channel layer. It
is preferred that this second wafer be composed of single-crystal silicon.

It is also specifically contemplated that the order of the
manufacturing steps may be varied and still generate a final product that
performs essentially the same function as the present invention. All

these types of permutations are considered within the scope of the
invention.



possible to apply the various materials such as the insulator |ayer 102,

the gate conductor region 32, and the gate dielectric region 22 (eac ZoEC 2005
atop the other) on discrete areas of the substrate, while depositing an
insulating region on the remaining discrete surfaces of the substrate. In
this manner gate stacks can be fornmed ?¥ectly. Alternatively, all gate
stack materials can initially be applied as uniformcoating on the

substrat eWelchihhi s case etching in specific areas should be carried out to
formthe final gate stacks, followed by deposition of a insulator fill

into the etched areas. In another enbodi ment, the silicon dioxide fill is

initiall | A ' chi .0 C i b e .st.ack is
formed i n'tho seapaBf b Rihfily fh ihieRdityPHERNE, BF WL 8 8L Ml BleF
sanme enbodimpening thxsstepescri bed to formthe first gate stack can be

i ndependent |y sel g.ct ed.t?_form t he second %at e stack. A ;i)r ovVi so, to these

al ternative pridtudioga single-grxstalsilicon substrateFOppTIsRG JhRsT angd Ioyyer swidacsn andgn ¢ he

first andneaeoBidgabil $packffact RoRPRSRAE FaiRANOENITE R thlurhlityiof pHESE E&dpligngise a
silicon wafer as the channel that is other than the original silicon"
subst r at eseqysptiplhy frogy spidgaised istandy, | aypRiforms gaie wicdecsria satims aj geranjutnngatd al f
confi gur aty b- t Nt h.esi : . ce o
the ori gy maricaig st 881 afHeaff fofuard plf LR Al b0 RRE ke RUFLS

t he chanrtep sirfager . It is preferred that this second wafer be conposed of

single-crystal silicon. It.is also specifically contenplated that the order
of '? he nanuf é@Pf?ﬁ?‘%‘@‘/ §P%l§§‘gn?a3h%%°“§'fgf?aéﬂlga?fh Séfii T’ﬁteréj’érﬁé‘?%aglsdi |5h”%frt°P
product tdngface RErshidr pRlags afdishidl temaidify SPPEr Suthick AT AR LRSS ANLilicon
i nvention. t hese types of pernutations are considered within the scope

Al |
of the iMW0¥M%on. 12 DEC 2005 - 23 W claim 1. A method of forming an
intermedi ary shisfleWait fore dleibcﬁ'icd&&{in@%tﬁ J8YCic HPIPS hakﬂgdttlga%t 3¢ eps:

said dielectric coating on said top surface of said pillar;

removing said dielectric coating from said top surface to create a new top surface of
said pillar and planarizing said dielectric fill to said new pillar top surface;

applying a silicon wafer to said planarized dielectric fill surface and said new pillar top
surface; and

etching said lower single-crystal silicon surface to a depth of said conformal dielectric
coating on said single-crystal silicon upper surface, said conformal coating acting as an etch

stop thereby creating isolated single-crystal channels.

2. A method of forming an intermediary structure for use in a dual gate device
comprising the steps:

providing a silicon substrate comprising an upper surface, a first layer residing on said
upper surface comprising first pillars and first regions and said first layer further comprising a
top surface, said first pillars comprisingrsequentially from said upper surface, a first insulating
stratum, a first gate conducting stratum, a first dielectric gate stratum, and a silicon channel,
said first pillars further comprising sidewalls coated with a conformal dielectric coating, said
first regions comprising a dielectric fill, said first coated pillar and said first region are
adjoined by a first interface, a second layer residing on said first layer top surface comprising

second pillars and second regions and a top surface, said second pillars comprising
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providing a single-crystal silicon substrate conprising upper and | ower
surfaces and an internal body, said upper surface conprising raiseg 005
islands, a plurality of pillars conprising sequentially fromsaid r%i%@oz
islands, a uniformgate dielectric stratum a germaniumgate conducting
stratum and an insulating stratum sar@4pillars conprising exterior
sidewalls and a top surface; conformally applying a dielectric coating on
sai d ext esdqoentiillgtevah lssidafirst 1agdrdop ewrfacs W feosiR] @EleStAit GaRl dthadin® AfosPpsle
remai ni ng_upper surfaces of sajd sjingle-crystal siljcon substrate;
covering 8%%@“86&‘(%?%1‘“% gcapq msilaumstratynasatdhsesonst kst epmprging a gepoad

hei ght at gi.RR&ic @i, saRPécdof '|11§fétJnﬂ%aﬁ?ﬁ%é@di&@cﬁﬁgﬂl teQRonS el Rhed g
pillar; renmoving said dielectric coating fromsard top surfacCe 10 " Create a
new top ssacpad mtegfaceseheteipi saldafirstad sebemiapillais ng leasti phrtitilly] @etlap end idid fits
sai d new pi . Surf - applying a silicon wafer to said planarized
dielectri gﬁdfgle?(?mjtsrgglpg%%a@%g’ Osvgﬂgp’new pillar top surface; and etching said

| ower si ngl e- csytiatly BtdhirpOsresUconaRRingBarl HRPARY Sdcod@irHerfRBS MefBY creating
dielectri F CO(?'[I ng oq sai d single-crystal silicon upper surface, said
conf or mal "EbaRY FEFORE o7 Frglignsd salusmensaid fiesh selh akignsy columt famgprising sequentially

si ngl e- cr y&hmahidalipenhfice, % thitd ﬁﬁhﬁﬁ\% E%Path{?,rﬂégﬂg tgglgsc'oﬂ(th?c'im - ahy a%lrii;ci"ggtg re

for use in a dual gate device conprising t . providing’a silrcon
subst r at ediglsaipici siafign,.am senopé silisan fehamel, @ faurtht gateagtietectriesitoinmy, © ot gate

upper sur [,S) fiest.pillars and first regi ons. a aid first

| ayer fur%ﬁgr&tggn@a}#l{@i %gdé‘ @%%1 & 1“58@,%"%6? it rsg"[‘ai ﬁCP?‘%Fg?‘&@WHi%‘Hl%“
sequent i abdmyprisingna dddddiielppee fillstrh@arandan foufts Uidldd&id Bl kRGumS Sdi @ hndsdid I St
gat e conduct i tratum. a fﬂ"r,st dielectric gate stratum and a silicon
channel , Segg?cﬂgﬂ%l@e%mlwapg g teparrted Sangrviold Hepgssaioynper sirfesat ed with a
conformal dielectric coating, said first regions conprising a dielectric
fill, said first coated pillar and said first region are adjoined by a
first intérfackhe Hleﬁ’@édﬁﬁfohayléranr tdraiedigryosirustirel fér nsst inl ayleal gaop dsicé ace

econd pi 1 Taranenim?, kel A LG 1 3 B Rndi tef 155 bisdehasieriy sy prse
sequent i agdrpafinmrestdining imasdrial. ayer top surface a second dielectric gate
stratum a second gate

4, The method of forming an intermediary structure for use in a dual gate device as

recited in claim 2, wherein said channel comprises single-crystal silicon.

5. The method of forming an intermediary structure for use in a dual gate device as

recited in claim 3, wherein said first and second gate conducting strata independently comprise

germanium-containing material.

6. A method of forming an intermediary structure for use in a dual gate device
comprising the steps of: '

providing a silicon substrate comprising an upper surface, residing on said upper
surface a first pillar and separated by a void, a second pillar, said first pillar comprising layers
sequentially affixed from said upper surface comprising a first insulating layer, a first
germanium-gate conductor layer, a first gate dielectric layer, a silicon channel, a second
dielectric gate layer, a second germanium-gate conductor layer, and a second insulator layer,

said first pillar comprising a top surface, said second pillar comprising a first dielectric fill
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conductor stratum and a second insulating stratum said second regions
conprising a second dielectric fill, said second pillars and saild BEC0%
dielectric fill regions being adjoined by a second interface, wherein said
first and second pillars at |east partially overlap and said first and
second regions partially overlap, selectbtvely etching areas conprising said
first and second interfaces thereby creating first and second self-aligned

col ums, dajedatd asecondl dieladtii@fifidage] SHID sERAP DHilfk REMPAGHE AL tofshdface! LRTFAI d

ke
upper surface, third insulating stratum a third gate conductor stratum

a third giY&s fhsther Sempriging an exteriqr surfacscaidd si | i con channel, a fourth gate
dielectric stradistived f i t t or ratu and a fourth gate
i nsul ating strat qnll egaieg&gltggo%si gresf% Bgfg?‘gn%émi‘f)ﬁ%%m%ﬁ%iCQPﬁlb“%{ ‘f’ﬁ?rf‘ﬁ
di el ect ri gurfices withpuit signifieahtly fecassing seiidedhantel ot shidl firss bf aédertl gafd Gefebtrist
and said | f-aligned col umns Qei ng separated by a void al ong said
upper surf )gtglg&n ! é%?eorr’?ﬁidh@rat%’:fsef Y2 g‘i“)‘ﬁr(ﬁ"FFé'&F airfaces pruender © dreate ase

in a dual figapentaiincgataseccssed biree b £5bM gormibiahidle RREded brfile.and second
gate conducting strata i ndependently conpriSe gernmani um contal ni ng

material. 4. The method of formng an internediary structure for use in a

dual gate7devi Tge i N I . [ ai d channel conpri ses
single-crystal si ft}%éhgﬁe&ﬂ;oﬂ%{{g %ﬁ%ﬂ%@e%r%?dﬁ?dﬁg fgrnu?enpe? r‘ilé'gll §?t§/r¥i”|"ﬁ(‘i’t‘ur e
for use i FecHedinelaige ehersin said siconrobeartebcbmprises gihgleryswieiticoy sai d first
and second gate conducting strata independently conprise

germani umcontaining material. 6. A nethod of formng an internediary

structure8for Tseniethod diuRmBgtf HRneSiaryC QRS fHIudN 54ERS AL éieﬂ%é)\éisdi ng
a silicon Sl.tlbci.tl‘ te 6g{or@r i sing an upper surface, residing on & upper
surface a ™ FI'FS GANY CarVISiep SAhrEseRg stop camprisey isofropiscatahingdr dxidatios af shid i r st

pi |l ar cofipt amd ﬁ%dd@é%%iuﬁ%%ﬁ{ah&ﬂh&%x&h%} é&ﬂcésr.om sai d upper surface

conprising a first insulating layer, afirs gérf mani um gat e conduct or
| ayer, a first gate dielectric layer, a silicon channel, a second
ate canductor |ayer, and a

dielectrig gatg,d r nd._ger mani.um l
second i nsul at or ﬁé@gg,& fgg}q@gfﬁnr?&"ﬁf 1AL STUSHS #0515 18 & dpalsanty devce 8ai d
second pi tebited inorhgm i wierainf satdstecebsig &edpr dofnpists ith?éﬁié—E@EBgQﬁ%%& g&?h C 12
DEC 2005 §eg§mf[a er _.and geseﬁond dielectric fill layer, said second pillar
conprising a %%"glﬂ}"flégf ' copfiyctergxgprior surfaces.

10.  The method of forming an intermediary structure for use in a dual gate device as

recited in claim 8, wherein said isotropic etching is accomplished with CF2C12, at 100 motor
and power levels of about 500 to 1500 watts.

11. The method of forming an intermediary structure for use in a dual gate device as

recited in claim 9, wherein said recessing step comprises the step of:

oxidation of said germanium-containing exterior surfaces thereby forming a

germanium oxide coating.

12. The method of forming an intermediary structure for use in a dual gate device as
recited in claim 11, wherein said oxidation comprises thermal oxidation of said germanium-

gate exterior surfaces at about 550 C. and about 0.5 to about 0.7 torr oxygen.
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| ayers further conprising an exterior surface; and sel ectively rqu§ggp%%
said first and said second gernmani um gate conductor exterior surfac

wi t hout significantly recessing said channel or said first or second gate
dielectric exterior surfaces or said first or second insulating | ayer
exterior surfaces in order to create a-26irst germani umgate recessed
surface and a second gernmani umgate recessed surface. 7. The nethod of
formng ams.int EhraidiRidofSlortiflaUir® iiBineldy bituchurd 8! uilis 40M1 £fe AByiod B! ! e
inclaim6, wherein said silicon channel "conprises single-crystal silicon.
8. The nefaster 8f clah il nyhersini saidepxideficar somprisescplasea pyidatineati aboat HaC., gat e
devi ce as i I, nGl.al QI {4 recessi ng .st conpri ses

i sot ropi cabe({ugg'istr%gg%drdaggi tgigﬁx g%enm%?gt ﬁ?llérbsvto(?tgn}fsggg%laa&ggg?%ni um gat e
conductor exterior surfaces. 9. The nethod of formng an intermnediary

structure /Lor Jljie H}Pgn%u{al ate device as recited in claim5, wherein
sai d recelti ng!®s Bt r 105BEE; YptHBPiCE!ant ERicHEe dor e B ¢ iduk s deviseeond
ger mani UniegRéEinGRMAUAL RirtheXdodiprRing3iM dtgrs- 10. The method of forming an
intermediary structure for use in a dual gate device as recited in claim

8, wherein said i sot¥ippiecnisegshiiny plasmade sapiertssaat] gevintahiukiCodide t@igerh@fivmot or

and pomrni'tr?dé%r%e%anﬂﬁﬁ?&ﬁ&geto 1500 watts. 11. The nmethod of form ng an
intermedi ary structure for use in a dual gate device as recited in claim

9, wherein said recessing step conprises the step of. oxidation of said
ger mani urr!-éont I ni ”ﬁﬁﬁ’(tfﬁt? or surfaces thereby formng a germani um oxi de
coati ng. . THE PRSP PTRIBE A ermediatestsBira fr wseriicd did gat deges an a

gual gat ereied inli 14{ Wbbifflald Gl A td (WRREERILARY i it 3hd ORAPHRIGL SO

t hermal oxi dation of said germani um gate exterior surfaces at abou 0 C
and about o8 strfacgs wih pelysilipon @ﬂtcnéb@ﬂg@gwitpm o1l BRRieB494. doc: AVC 12 DEC 2005
-26 13. The nethod of formng an internediary structure for use in a dual
gate device as recited in claim1l, wherein said oxidation conprises

pl asma oxl@at i Bre methath edtfoBNidg Gn, intrmedingustrudtude for @ROMta Qual da@ Hewgod/ &N,

and about__10-150 wol ts bias.on.said sulstrate. 14. The nmethod of form ng an
i nter rredirgé.lgedsltnr %l(a;%rlg, f’%‘?reﬂ’s @a@}l} & iua?PE&a%tea@ﬁce@p&e diborangcgrsing, andyi m
11, furt hehosglingpatiaboutd OENS tS 1082 1 @foms/cm?.

17. The method of forming an intermediary structure for use in a dual gate device as
recited in claim 11, further comprising the step of:

washing away said germanium oxide coating by means of a water rinse at room or
clevated temperatures to form a first and second germanium-gate recessed surfacé; and

applying a dielectric coating layer to said first and second germanium-gate recessed
surface, said dielectric coating comprising germanium nitride, germanium oxide, silicon

dioxide, silicon nitride, hafnium oxide, aluminum oxide, tantalum oxide, or titanium oxide.

18.  The method of forming an intermediary structure for use in a dual gate device as

recited in claim 17, wherein said polysilicon material is doped with N or P materials.
19.  The method of forming an intermediary structure for use in a dual gate device as

recited in claim 18, wherein said N or P doped materials comprise diborane, arsine, and

phosphine at about 10E19 to 10E21 atomé/cmZ.
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a) using a nitrogen ion plasma to convert said germani um oxi de to germani um
nitride or germani um oxynitride. 15. The nmethod of form ng an interné@iBROY2005
structure for use in a dual gate device as recited in claim14, wherein
said voids are filled to a height below said first and second pillar top
surfaces with polysilicon material doped’with N or P materials. 16. The

nmet hod of formng an internediary structure for use in a dual gate device

as recitéd i nThd aiethotlSof funeingi an faérthelany stRxodﬁ@Gfdr o% BY b Ausl SASTRIEVIZE as
di bor ane, hos hi ne thFaboué OE 19 to 10E21 atons/cnR. 17.

ar.si
The met hoff* B¢ ¥ Fa}ﬁn%df efﬁ §RPFucture for use in a dual gate
device as I’eCiqiprﬁngBdﬁféléﬁtm ddatinf Wy%hﬁf saﬁpm[ heid Ebgoﬁchgerﬁfaﬁﬂnpéate\é@rﬁﬁ

away said gernmni um oxi de coating Dy neans of a water°rinse a
el evat ed fesrised avilaces sail digleniriy qopting c@mnrl%meﬂmagmnnanndmgahmmmm@d

surf ace il 80RK eh ALALCRIALE GO0 LPBRANII0 R ToldiRS of Hpmin o™

ger mani um gate recessed surfate, sal

ger mani unexide.ri de, germani um oxi de, silicon d| oxi de, silicon nitride,

haf ni um oxi de, al um num oxi de, tantal um oxide, or titanium oxide. 18. The
met hod of formng an internediary structure for use in a dual gate device

as recited i nTKd aiefRod of fORBIM gliﬂl AR c@aly yﬁfdchff@'i’or’@s% 'é"“lduéls%a(?c?%ﬂc a§ h N

or Pmaterials. 19. The netho formng an 1nter iary s ure use
in a dual re@é?%ln&wméefwere@msm thﬁstenaﬁ m 18, wherein said N or P doped

materi al s conpy Fgﬁ‘n hi ne at about 10E19 to 10E21

atoms/cn2. [R VLI BF%l g%%gﬁd%ogf%ﬁge % CP rfg Seoond gPrmepiimAeAle, Gopdygtor

form ng arece¢smedesunfack, aniy defectrit eoating comprivéng gerrardutahitgas.e devi ce as recited
gl gt

inclaim6, further conprising the step of: applying a dielectric coating
layer to said first and second germani um gate conductor recessed surfaces,

sai d di el 22t r i TheC@@ihod SfCRffRing SntedREARY 4Rchid 08 del TRA %‘E@ 8%&1 Qet
silicon d| oxide, silicon nitride, hafniumoxide, alum num oxi an ai um

oxi de, or eFitqd4Riciavn Hxhereinspid Hés are fied tos heightrhietoy said first endredtomd pillar

structuregph @ﬁrfé&%@witﬂ p@lygllﬁ%n ﬁ%ﬁal%‘ﬁé& RN o EBRhfels) N ¢l aim 6, further
conprising the st f: :

23.  The method of forming an intermediary structure for use in a dual gate device as
recited in claim 22, wherein said N or P doped materials comprise diborane, arsine, and

phosphine at about 10E19 to 10E21 atoms/cm2.

24.  Anintermediate manufacture for a dual gate logic device comprising:

a silicon substrate having at least one major lateral surface;

a first layer comprising a first region and a second region, said first region comprising
a dielectric fill material and said second region sequentially comprising a first insulator
stratum, a first germanium-containing gate conductor stratum, a gate dielectric stratum, and a
single-crystal silicon stratum, said first and second regions residing on said major lateral
surface; and

a second layer comprising a third region and fourth region, said third region
comprising a second dielectric fill material and fourth regions comprising a second gate

dielectric stratum, a second germanium-containing gate conductor stratum, and a second

insulating stratum;
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applying a dielectric coating layer to said first and second germani um gate
conductor recessed surface, said dielectric coating conprising g&ﬁfkbﬁg]
nitride. 22. The method of formng an intermediary structure for

dual gate device as recited in claim?2l, wherein said voids are filled to
a height below said first and second pt28ar top surfaces with polysilicon
materi al doped with Nor P materials. 23. The nethod of form ng an

i nternmedi ary swhereinseid fborth uspion at leastl parialg@b eertd \hideseadnd regiohtQd shidl thikd@i M
22, wherein. saL% I}I or. E dogafd rgg%gri al s conprise diborane, arsine, and
phosphi ne™8P°T AbGAat PRIUGEY 26°tags SBEDESt B8/ cne. 24. An i nter nedi at e

manuf acture for a dual gate logic device conprising: a silicon substrate
having at_| east one major lateral surface; a first |layer conprising a first
regi on antf-a sEoWErmedipEnmanifrciuieifosta duaigate logiopddvaienay reaitali @l elainti2d, fil |

material @pd.sdhid sﬁﬁs‘f&f&oﬁ%ﬁ%&’%ﬁﬁﬂé’&”“ ally conmprising a first insulator
: . :

stratum a firrst germani unrcontal hi hg gate conductor stratum a gate
dielectric stratum and a single-crystal silicon stratum said first and
second regions,residing on said major lateral surface; and a second | ayer
conpri si n% ‘a thi% ‘(ﬁ‘tei"é‘ﬁ‘%@ﬁ AP s Ar pediiabgatelagia dericepsr sgitasnin elaimbRési ng
a second \dh@&iﬂ@&iﬂisﬁbsftﬂa{dcoﬂﬁ?i%sisﬂ'lgléiﬂ?stggi‘ﬁéoh. regions conprising a second
gate dielectric stratum a second gérnani um contai ni ng gate conduct or

stratum and a second insulating stratum [R\LIBPP]03494.doc: AV C 12 DEC
2005 -28 er e Sal our redi east. partially overlap. said cond
2’?*.1 e tlﬁl?e:pgeélg)tg %&uf&%r?r}’ora % cluaﬁlgzlitglqp%lc c&g}c% aﬁgsregléq%gmf i?lp]gtt 32,

regi on and sai region at [east par 0

regi on. 28herGiheaid firgtramd datnd geamarfiam{conteintmy gate Sitalbct@RimepAdbitlytRMikReAS
recited iJ1 tglsag/ngi1204 wherein said substrate conprises epi silicon. 26. The
i nt er medi &t'e rra"nufé’@ture for a dual gate logic device as recited in claim
24, wherein said substrate conprises single-crystal silicon. 27. The

i nternediate manufacture for a dual gate logic device as recited in claim
24,  wher®in < @termedipte manufswemter g dnsteaielosic denieé sinmyisgat e conduct or

i ndependent | y ,GRMBh is%ﬁate%gmbﬂsiﬁg P 1eld beo Major lateral surface; and
at least one composite pillar disposed on said major lateral surface, sequential layers
comprising, a first insulating region, a first germanium-containing region having a cross-
sectional area and an exterior surface, a first gate dielectric region, a single-crystal silicon
region having a cross-sectional area, and a second gate dielectric layer, a second germanium-
containing gate conductor region having a cross-sectional area and an exterior surface, and a

second insulating region.

29.  The intermediate manufacture for a dual gate logic device as recited in claim 28 further
comprising at least one laminate region disposed on said major lateral surface, comprising
sequentially a first dielectric insulation fill stratum, and a second dielectric insulation fill

stratum, said first dielectric insulation stratum affixed to said major lateral surface.
30.  The intermediate manufacture for a dual gate logic device as recited in claim 29,

wherein said composite pillar and said laminate region are physically separated from each

other by a distance along said major lateral surface, said distance defining a void region.
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28. An internedi ate manufacture for a dual gate |ogic device conprialnﬁz a
silicon substrate conprising at | east one major |ateral surface; an 23BEC 2005
| east one conposite pillar disposed on said najor |ateral surface,
sequential layers conprising, a first insulating region, a first

ger mani um cont ai ni ng regi on having a crd%s- sectional area and an exterior
surface, a first gate dielectric region, a single-crystal silicon region
havi ng a &k ossHseutérmeditcamenyfacind for sedahgagalogicddevioCdsr iegitdd e Elaind 29€C0ONd
ger mani um %antaiang gq;i conduct or regi on having a cross-sectional area
and an ex?R¥PESAd sHCRR 3UDSTAlE cQmPES SR8l at i ng regi on. 29. The

i nternmedi ate manufacture for a dual gate logic device as recited in claim
28 further conprising at |east one | am nate regi on di sposed on said nmajor

| ateral sifrfackie Besmpedigtenganufeciuenior al dual gate logic divisleeast recited s claim i26n

Fill str a&/h%in%?iq sﬁic%ﬁgmqatg'cg}nﬁqgers'sgxglega'gégﬁ%hl%gn.f P11 stratum said first

dielectric insulation stratum affi xe id major |ateral surface. 30.

The internedi ate manufacture for a dual gate logic device as recited in
claim29,,, whegein said conposite pilla nd said | am nate region are
physi cal I3y3'seglfat eaWéeEnF&Str% 'gg’l}ﬁacnbr? h€8F ab‘i”ag gieslPgis e vige i gresisaddimelpisy 29,

| at eral swihidréit 8aidssigle-iystaPEIEor0REioR i chis BecfBhsl A &Y Rsentiall I to sai
[R\ LI BPP] 03494 doc: AVC 12 DEC 2005 -29 31 The imter vad g Suakle said first o

for a dusindgstosd gsgpaniye¢priainig regien ciogs-sactienahprer29,  wherein said silicon
substrate conprises epi silicon. 32. The internedi ate manufacture for a
dual gate logic device as recited in claim?29, wherein said silicon

subst r at e4conplitiesioerwpdigleemanufstiat for biduah gatd JogithievicetLr rEitidaineclaim 29,
manuf act .or ugl ga l.ogi c device as recited ip claim?29, wherein
said si né{' %—régysg a%nél F'Icg'csgﬁ Silié%g? ST GOSS-EEHPR dh geértg%{’ said dusteand; sgpond
equal to geanghifimrcdhtaindmdregida@isks &tidANI UM cont ai ni ng regi on cross-sectional

area. 34. The internedi ate manufacture for a dual gate |ogic device as
recited in claim?29, wherein said single-crystal silicon region

cross-sectsi on 1he hakd&diatk e fibt 5t rireni.um cont.ai nj ng
regi on cross-sectli ons. 1%5. The il%teeﬂr){rgcﬂug?gatr%gﬁépgdgfﬁrgeasfrg?lyeg}l&u ?lmggétt’e
| ogi ¢ devibeler onsisinged diglectliaicoatig, on kaidtdxerioc anyfudesiofgsaid Mkt @at sebdnd

coati ng rﬁﬁiiﬂn%ﬂt@fn}iﬁ)rlafe‘%rfaces of said first and second
ger mani urit cont al ni ng er.

36.  The intermediate manufacture for a dual gate logic device as recited in claim 29,

wherein said single-crystal silicon region is approximately 300 to approximately 1000

Angstrom in thickness.

37.  The intermediate manufacture for a dual gate logic device as recited in claim 29,

wherein said germanium-containing region is approximately 0.05 to about 0.3 micron thick.

38.  The intermediate manufacture for a dual gate logic device as recited in claim 29,

wherein said first and second insulation regions independently comprise silicon oxide, silicon

nitride, or aluminum oxide.

39.  The intermediate manufacture for a dual gate logic device as recited in claim 35,

wherein said dielectric coating comprises germanium nitride, germanium oxynitride,
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36. The internediate manufacture for a dual gate logic device as recited in
claim?29, wherein said single-crystal silicon region is approxi rrg%edE)é Zﬁdgo
to approximately 1000 Angstromin thickness. 37. The internedi at

manuf acture for a dual gate logic device as recited in claim?29, wherein
sai d germani um containing region is appddxi mately 0.05 to about 0.3 micron
thick. 38. The internediate manufacture for a dual gate |ogic device as
recited igerslasium @8de, siliven efiokidqisilichh nixtidgndfitea exile] ABHiRimh ORideSGhARn

i ndependent.lly ¢ rise gilicon oxide, silicon nitride, or alum num oxide.
39. The iﬂ’f‘g%/’r‘?éﬁgg{“@ﬂ’ﬁaﬁf acture for a dual gate logic device as recited in
claim35, wherein said dielectric coating conprises germaniumnitride,

ger mani um oxyni tri de, ([1'R: \ LI BPP] 03494. doc: AVC 12 DEC 2005 -30 germani um

oxi de, si#0-conlhk ieraediatei mpnufpctwict for deduahhtei logicodévite, asategitéchirmehaith 49,
tantal um ' . Qf.. 1 L um oxi de... 40...The i nternmedi ate manufacture for a
dual gat ewﬁ%ﬁgag%fifgﬁga%g%iatpﬁ Sl’hﬁogiﬁgfrm 29, wherein said voidis filled
with a polysilicon filler. 41. The internedi ate nanufacture for a dual gate
| ogi ¢ devj ce recited in claim40, wherein sajd polysilicon filler is
doped wi tJHC'N gf“%“ﬁﬁf"@&‘iaﬁl %l?mﬁ%‘ur?hf@f dudtal gateelogigiavicgeas resiteds i elaim ¢, i n
clai m 41, wihieiahid podisHich @lleRs dORAMWith NGP PRidt&fidi bor ane, arsine, and
phosphine. [R \LIBPP ] 03 494. doc: AV C

42.  The dual gate logic device as recited in claim 41, wherein said N or P dopants

comprise diborane, arsine, and phosphine.
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