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effect transistors (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
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 processes 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 performance can be
significantly constrained by such misalignment of the gate-conductors, and
by large deviations in relative channel length. For example, it is
reported 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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processes of these planar doubl e-gate MOSFET devices is that the channel

t hi cknesswioz2nots3of uniform thickness and/ or uniform puripcy/GBeen2@2anpl e,
doubl e-gat e MOSFET devi ces should have a uniformand thin (10 to 25 nm
silicon channel. Typically, previous ganufacturing processes fornmed this
channel using epitaxially grown silicon via such processes as chem cal
vapor deposition or sputtering. These processes however, do not
necessarily provide sufficient uniformty in thickness or purity, the
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leakage currents. This limits the operation to temperatures below about
100 ¢. 1In addition, integrated circuit planar processing requires the
capability of fabricating a passivation layer on the semiccnductor
surface. Germanium oxide could act as such a passivation layer but it is
difficult to form, is water soluble, and dissociates at 800 C. These
limitations make Ge an inferior material for the fabrication of integrated

circuits, compared to silicon”.

The use of germanium and germanium 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 APPLICATIONS, C. Monget, A. Schiltz, O.
Joubert, L. Vallier, M. Guillermet, B. Tormen, J. Vac. Sci. Technol. B,
Vol 16, 1998, pl833-1840.

SUMMARY OF THE INVENTION

Accordingly, the present invention provides an intermediate
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



having at | east one major lateral surface, a first |layer conprising a

first region and a second region, said first region conprising a

di el ect riwofozhibisamt eri al and sai d second regi on sequenti alPiCy/GRpPR§23i Ng a
WD 02/ 101834 PCT/ GB02/ 02622 3 first insulator stratum a first germani um
containing gate conductor stratum a gate dielectric stratum and a
single-crystal silicon stratum said first and second regions residing on
said mpjor |ateral surface, a second |layer conprising a third region and
fourth region, said third region conprising a second dielectric fill
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The first and second germanium-containing gate conductor in one

embodiment independently comprises up to 50% silicon.

The present invention preferably provides for novel manufacturing
processes and double or dual-gate logic devices therefrom that contain
gate conductors that are consistently self-aligned and that have channels
that are of constant width. These characteristics are important to the
industry because device yield and performance can be significantly
constrained by such misalignment of the gate conductors, and by large
deviations in relative channel length. The process also preferably
provides a method of selectively etching germanium-containing gate
conductor materials without significantly etching the adjacent silicon
channel material. 1In this manner, the gate conductor can be encased in a
dielectric shell without changing the length of the silicon channel. As
mentioned supra, changes to the dimensions of the channel can cause

adverse performance characteristics.

Also, many prior art planar dual-gate structures rely on the
formation of lateral epi-silicon layers for the fabrication of the channel

area. Defects in this epi layer can significantly reduce device yield and



Al so, many prior art planar dual-gate structures rely on the formation of
| ateral epi-silicon |layers for the fabrication of the channel area.

Def ect s iwotdiigisapi | ayer can significantly reduce devi ce pgTairRb280622\WO

02/ 101834 PCT/ GB02/ 02622 4 performance. The present invention preferably
alleviates this problemby wutilizing a single-crystal silicon wafer as the

channel material. Therefore, in one enbodinment, a process is described for
formation of a uniformy thin channel conprising single-crystal silicon. In
anot her enbodi nent, a process involves etching tQ generate |IIars or
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pillar disposed on said major lateral surface, comprising sequentially, 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.

In one embodiment the device further comprises at least one laminate
region disposed on the major lateral surface, comprising sequentially a
first dielectric insulation fill stratum, and a second dielectric
insulation fill stratum, the first dielectric insulation stratum affixed

to said major lateral surface.

In one embodiment the composite pillar and the laminate region are
physically separated from each other by a distance along the major lateral

surface, the distance defining a void region.

The silicon substrate may comprise epi silicon. The silicon

substrate may comprise single-crystal silicon.



The silicon substrate may conprise epi silicon. The silicon substrate may
conprise single-crystal silicon. WO 02/101834 PCT/ GB02/ 02622 5 In one
enbodi nenwp ocheisss ngl e-crystal silicon region cross-secti @aalGBmne2i s
essentially equal to said first and second germani um contai ning region
cross-sectional area. In one enbodi ment the single-crystal silicon region
cross-section is larger than the first and second ger mani um cont ai ni ng
region cross-sections. In one enbodi nent, the device further conprises a
dielectric coating on said exterior surfaces of said first and second
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The first and second insulation regions may independently comprise,

for example, silicon oxide, silicon nitride, or aluminum oxide.

The dielectric coating may, for example, comprise germanium nitride,
germanium oxynitride, germanium oxide, silicon dioxide, silicon nitride,

hafnium oxide, aluminum oxide, tantalum oxide, or titanium oxide.

In one embodiment, the void is filled with a polysilicon filler.
The polysilicon filler may be doped with N or P materials. The N or P

dopants may comprise diborane, arsine, and phosphine.

The present invention further provides 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 layer and a second
dielectric fill layer, said second pillar comprising a top surface, all

said layers further comprising an exterior surface; and selectively



said layers further conprising an exterior surface; and selectively WO

02/ 101834 PCT/ GB02/ 02622 6 recessing said first and said second
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said channel or said first or second gate dielectric exterior surfaces or
said first or second insulating |ayerg¢exterior surfaces in order to create
a first germaniumgate recessed surface and a second gernmani um gate
recessed surface. In one enbodi ment the silicon channel conprises
single-crystal silicon. In one enbodi nent the recessing step conprises
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oxygen. $i6e enmbodi nent the oxidation conprises plasma oxidation at about
500 C, at about 0.5 to about 0.7 torr (66.6613 to 93.32582 pascals).
oxygen, and abothe kobdbitheuo|tihs Pi@sSsO1y Seérd combiseatieottdbione catipdirment
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In one embodiment the isotropic etching is accomplished with CF2Cl2,

at 100 mtorr (13.328 pascals) and power levels of about 500 to 1500 watts.

In one embodiment the recessing step comprises the step of:
oxidation of said germanium-containing exterior surfaces thereby forming a

germanium oxide coating.

In one embodiment the oxidation comprises thermal oxidation of said
germanium-gate exterior surfaces at about 550 C and about 0.5 to about 0.7

torr (66.6613 to 93.32582 pascals) oxygen.

In one embodiment the oxidation comprises plasma oxidation at 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 said substrate.

In one embodiment the method of forming the device further
comprising the step of: applying a dielectric coating layer to the first
and second germanium-gate conductor recessed surfaces, the dielectric
coating comprising germanium nitride, germanium oxide, silicon dioxide,
silicon nitride, hafnium oxide, aluminum oxide, tantalum oxide, or

titanium oxide.

In one embodiment the method further comprises the step of:

applying a dielectric coating layer to said first and second



ger mani um gat e conductor recessed surface, said dielectric coating
conprising germaniumnitride. In one enbodi nent the nmethod further
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tenperatures to forma first and second gernani umgate recessed surface;
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surfaces w o nDQJﬁv @g@nmkﬁglﬁkhg&%&ﬁw bod}ir%efthgvstt%'@é s. In one

enbodi nent , :? mat er.| al rise borane, " arsine, and

phosphi &S aing Bt sib‘l‘if’@r FLIDEDT Bt SREF DY Ter‘?nﬁncéf BrdnEES the
pol ysi | ireon qraebeiagkdiwrderedred tth foxgr aFEirghtand] saend| geraariveTBYd nent :
t he N orrePedlaeshrrater iaaliSappapidyd sedidilbet@iRecoatahgilRger adsplogplitne at

about 1QF19; éc%négalé%&aﬁmt@a{t%n?ece%gg@rs@wagcet osmed@émggfizeegatﬁee Inventlon
provi des a met ho an i nternmedi ALy sstlﬁuctur f.Qr us a dual

gate deViERESRPrIEIAY ™ ltrgfi pSETBFOVT dPRE° a 811G nedlc‘DrXIsfaISlm |con
subst ratnét@djr?pr]i‘%ﬁnﬁg‘“ﬁﬁé?' aéwwquﬂmﬁ?l%ur‘?aééé@"aﬁﬁd&m ?ﬁttéF?‘fwumb‘Bt’rfﬂe sai d
upper surface conprising raised islands, a plurality of pillars conprising

sequential I'y tf,r oqm s_ai;%hmé@d Sefe ivshandse ﬁlu@a fQr g}mtgﬁt Heeb@ ki £ir8tr at um
a germani ym gat cting.stratu n insul ating, strat, sagi g

o1 {1 ar s SodasIBhE Pt B o S Rl T M e S A B g &
top sur ffate=iaddnformal |y applying a dielectric coating on said exterior
sidewal I s and said top surface of said pillars

In one embodiment, the N or P doped materials comprise diborane,

arsine, and phosphine at about 10E19 to 10E21 atoms/cm2.

In one embodiment, the voids are filled to a height below the first
and second pillar top surfaces with polysilicon material doped with N or P

materials.

In one embodiment, the N or P doped materials comprise diborane,

arsine, and phosphine at about 10El9 to 10E21 atoms/cm2.

In one embodiment, the polysilicon material is doped with N or P

materials.

In one embodiment, the N or P doped materials comprise diborane,

arsine, and phosphine at about 10E19 to 10E21 atoms/cm2.

According to one embodiment, the invention provides a method of
forming an intermediary structure for use in a dual gate device comprising
the steps: providing a single-crystal silicon substrate comprising upper
and lower surfaces and an internal body, said upper surface comprising
raised islands, a plurality of pillars comprising sequentially from said
raised islands, a uniform gate dielectric stratum, a germanium gate

conducting stratum, and an insulating stratum, said pillars comprising



and said remai ni ng upper surfaces of said single-crystal silicon
substrate; covering said conformal dielectric coating with a dielectric
fill to awbaerghts3at | east of said dielectric coating on sacd/d¢rip/ozaeface
of said pillar; renoving said dielectric coating fromsaid top surface to
create a new top surface of said pillag and planarizing said dielectric
fill to said new pillar top surface; applying a silicon wafer to said

pl anari zed dielectric fill surface and said new pillar top surface; and
etching said |l ower single-crystal silicon surface to a depth of said

conf or mektefiisciresidemeloand g toR SEFIFSS| PRITFOIRINYt WPIYTIPY Gof*USHEF Ssur f ace,
sai d conrbatimy ot catlibngktaeidmgidsvadbs eindhsasitdoper kerslye of eatd mglisal at ed
singl e- grystals 9&%@9%’5 upﬁécgﬁﬂéaﬁgst& Q£If‘d eEhod-EBal t i@ ibsvent i on

rovi des arret of n i.ar fo a dual
gate deVi*RE r@&ﬁprcoé’leﬁlgng F?’l ?gpoma{ edrl of? i %%?ﬁ (%%Era\h suBE#%gftl% )

conpri sifAgl & apireebs At Aewet &t sl"“lli'?1 lellaiferrlcr‘é?lta’i‘?@noﬁa%daf%? FBPETSsur f ace
conpr i sicfigsdiiar 811 1pirl; | wemevaned safd rdelecsgionsabing Sedm shid Sop| ayércd (et her
cConpri SicRga@ LORew Wbd Ak@radAbE safildr si110k |dnar 516@08P£ing Bgicsecpiertial |y from

321 0 UPRSt, S Lace @ i ol «ob NaulALl Noslyiah s . Ju Bleudale gonouct ng

stratum "a fi sjlicon ¢ gnne aid
first plpﬂﬁ’a%@ZFﬁrdclﬁé?Ct(,réﬁpﬁl%l FFTect defaftis BORPeY 3K ERP £ EOH
di el ect etchipgasaiyy lose difiglestrysagl ondicgpspriasente & dertbeet I‘Siaédfl Il, said

first CQ:@;X%L‘HE}.L' él@le@iﬂcs&iﬂlf@ lomt salrdi‘gi.ﬁleaéﬁysadi alineebrbyipperd ististace,
I nt erface id con Conql {:c?‘ §£g ac Illgé 4 e%g‘ﬂt %tOIf_,'J%Leka%?éattng %ﬁg@&ﬁ

conpr|5|ng secon ars”and second regions an top surface, said
second PR §r%%rF§nﬁ§l%equentl ally fromsaid first layer top surface a
second dielectric gate stratum a second gate conductor stratum and a
second i nsul alckogisl & Ak SBbELERAEONMel BFlefffon POHYIEES|NgethsiceoNnd

di el ectrig fiJ é SRk de%qumtpuééu%sfoafngs@%da ReONre dlivebeclohbe: ikl

regi ons bei ng ol ne econd interface, wherein Sald flrst and
second 6FFI%E§Sat ﬂr@éﬁm%a? ERATIP BVREEFATS SRIPTEEIE £ P Eng " T86801d

r egi ons fpast ilabvey revedingpon sef@cppye|sprEagehcerprar s ferﬁﬁpPF%]Iaﬁﬁ andhid first
and secgndsd Regidacesd tshed edayserlaaét rmarfhdrs btolitds 8@c antbp setfacal i gried

col unms,.; sal q,lhgx%t rflsﬁlgi n(e%lqnynfmsidswger seeueat i Al ysd rom sai d
upper surface, th i ns atln str athird gate ¢ lequcgo.r stratum

athird l@‘é’tﬂeatdfl%lse%ﬁ‘l‘“b 8t létgﬁrﬁa & %oé@Bﬁ‘ﬂm& FYESA™ énanmel -2 Folrt h gate
di el ect grte sttratwim ard faoaflivogerheantunsekd EiTeoRaliEsr Tutthar FPPPETd g
fourth gatevdinsuaitb@gvishratcdhformal diseeantdc seltingl isghediead wrpigenpri si ng

a third cgln&ll%q}@'ap d&éiéct§££ %t_'.ym %di 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 sequentially from said first
layer top surface a second dielectric gate stratum, a second gate
conductor stratum, and a second insulating stratum, said second regions
comprising a second dielectric £ill, said second pillars and said second
dielectric fill regions being adjoined by a second interface, wherein said
first and second pillars at least partially overlap and said first and
second regions partially overlap, selectively etching areas comprising
said first and second interfaces thereby creating first and second
self-aligned columns, said first self aligned column comprising
sequentially from said upper surface, a third insulating stratum, a third
gate conductor stratum, a third gate dielectric stratum, a second silicon
channel, a fourth gate dielectric stratum, a fourth germanium gate
conductor stratum, and a fourth gate insulating stratum, said second
self-aligned column comprising a third dielectric £ill stratum and a
fourth dielectric fill stratum, said first and said second self-aligned

columns being separated by a void along said upper surface. -



fourth dielectric fill stratum said first and said second sel f-aligned
col ums bei ng separated by a void along said upper surface. WO 02/101834
PCT/ GB02/WP®822018% | n one enbodi nent the first and second gaTsBveM0R2Et | NY
strata independently conprise germaniumcontaining material. In one
enbodi nent, the channel conprises singbe-crystal silicon. 1In one

enbodi nent, the first and second gate conducting strata independently
conpri se germani um containing material. BRI EF DESCRI PTI ON OF THE DRAW NGS
Preferred enbodi nents of the present. invention will_ now be described, by
way of exanpl®® o PRHAHF tHHer BEf etfe St Che FoF PUMChEI dFefli*ngs: FI GURE
1 i s an ienépargedtlor osmprseetgegnatiumeprnesémirgt matreragla portion of one
enbodi ment of a dual gate |ogic device depicting an area containing to

final gate pillars 200.. r d ' [ {1, I r..stack 250
as the devi ceﬂnl gnepregggéds%ggat %%%ucé%xrtl%egé@ergg%fsqgéieé é:%%%qrrégrl%cgfﬁ' t he
present invention; and FIGURE 2 is an enl arged plat view and an

cross- sect i orfal omegrerdimentherbofficontaainéenynd egptesemncart viyssvfata si ngl e
gat e el aneBendOR Y aokedsbygerpgl ek tdrtainfrigl hat@@ians it is processed
through the steps of a second enbodinent of the present invention. The

gate el enent 200 further _conprisi %gr I gnd feEat ures G380 to assist in
connecting the dual gate TOGFCESGRATEN Y ARE &PBINTEl el ectrical power
supply. For practical reasons, only a portion of a layout for an array of

t he features Bréhiedsaibioaoindiietaf tHe\Wresertf itmmcpeefuant etbwesbodi ment is
depi ct e%esél!ialea, L9 Q0L AL Juflg, | BB, £he Bl Wid 0P8 dendiifd ed with

| i ke nunerical references consistently maintained fromFIGURE 1 to FI GURE
2. DETAFEED'ISESCRI PTI ON OF THE | NVENTI ON  COMPOSI TI ONAL ELEMENTS OF AN
EMBODI MENT OF THE PRESENT | NVENTI ON SUBSTRATE 10 The present invention
preferably usesust antared stilasténtcessasectiphl aldpyessedtian bhea apttich

sem condyctor pBOkaLt Weea dlRE JRSt1LAERA i ¥e a&g@eltingt 4 ia3ba tQouiRhact ure
the substrafe Vs, single;crystal, sLILFOp 19,02/ 401834,PCT/.GB02/ 02623 10
250 as the device is processed through the steps of one embodiment of the

present invention; and

FIGURE 2 is an enlarged plat view and an cross-sectional segment
thereof containing representations of a single gate element 200 flanked by
polysilicon £ill 90, as it is processed through the steps of a second
embodiment of the present invention. The gate element 200 further
comprising land features 380 to assist in connecting the dual gate logic

device to an external electrical power supply.

For practical reasons, only a portion of a layout for an array of
the features on the semiconductor device of the preferred embodiment is
depicted. It is understood that the same element will be identified with
like numerical references consistently maintained from FIGURE 1 to FIGURE
2.

DETAILED DESCRIPTION OF THE INVENTION
COMPOSITIONAL ELEMENTS OF AN EMBODIMENT OF THE PRESENT INVENTION
SUBSTRATE 10
The present invention preferably uses standard substrates as

typically used in the art of semiconductor manufacture. The most commonly

used material to manufacture the substrate is single-crystal silicon



waf er, wherein the silicon is optionally lightly doped. The conversion and
purification of polysilicon to single-crystal silicon ingots and final

f or mat i onwofo2aorsgd e-crystal silicon wafers is well docunemcad:Bm/otdze art
and will not be discussed further. A unique feature of the present
invention, in accordance with one enbogi nent, is that the starting
single-crystal substrate is converted during the manufacturing process
into channel regions by etching through the upper or topnost surface 15
and | ower surface 18 of the single crystal silicon wafer body 10. FIRST
GATE DI BREETRMESHINGRTE s} DB 20 oght¥adivlldabtiv dapgder i B PO 6hP

enbodi mentl mrefsedtsoh et bolhymil hogeto usedlerrifelastlicBraimpbes aof {isefl ul

mat er i algrhdGloHder Sihge0r @¢adesi1isbl Wa88-Niikide, dunBhiddNiHXindeardral ni um
oxide. Lantalum.oxideq; LLLan Ul ax! dg Qﬁllq%gﬁpeoagugso BRI galset MOSE

preferre(ﬁl gajt diel ectrlc mat er I con_ di Oxi gr own standard
net hods IR‘H%%foPn maceangg Marh °Hﬁteé‘lbl°§’r“éen(‘30u‘lsd th §Bﬁﬁt€F’éJd‘%r deposi t ed
by chemsdadlerappstadepdsitraton ist@oNaftpdedyriggcthaasadufacvapey Iasess$ ti on,

whi ch i Snab ShakR@WrebibrshBy @k thingTBierdubh Chieespeaf of Nepgadte sdimicects i c | ayer

of the prgsent.iquentl oy Ls cxDely L ugen abouh Lﬁ’lﬂ%@l Aaut, 40 angstrom
(10*10-10 netres and about 40* netres). FIRST GATE DUCTOR LAYER 30
The preferred gate conduct or for t he present invention is germanium |t
shoul d FéREHFAFBIIGHEETRAE < EATUGKIRfeRAani um can be used in its pure

state, it is also possible to use germani um contai ni ng conpositions. Such

ger mani um cond.ak rmge&&qpqatte'kpm ENC L Sorfbb X Itn€Sa:df sGRIJVRRI idhaftdse

silicon vvhg:rel n the co cent regtcl) Eu Si ‘lﬂlz crqglgalrllmi)e as. ﬁlc%h as ;0% by
wei ght . “TRE ‘Fat®® &SRductBPEanT AFTi ' Be Hepssi€d as 3" unirfof m | ayer

and theﬁlébcf%‘cfli%ldﬁ SERERT ﬂ“é‘esdkftff’a‘é‘ﬂ |°@‘édTrr Géﬁ?sluﬁr"’iltde dritpeium
deposi t edideloectimpekytepntierexpos ednertepseGirréd@ate rdel gatrd c chagleetdr e i n

an addi tshi Yl 06883 Jithh 0 kYandded iaRh&En ﬁﬂgwri ta tm'exaw esogds applied by
chem cal O$ gﬁdecP?é' 14 QD Q-{ersé)u“gef | N9, o £S5, KT \f@cal.lnv% %r%osrc ysef ul

t hi ckness e ger mani am1ayer is ween> o’ preferred
t hi ckne$§°¥HiIuEHe SYER r?a“‘nF%"rnVPP?rsPeP%ﬂ}éi‘O‘i"s WBbT}MéérFIGOOIS‘OéC’Hd”O 98 24fi-cron,

whi | e a Thresthipkedser pedhehgatlenéss eforict haydr pStthgeprrmantumnivaytgioni 8s 0. 05 and
0.3 m CciebfeenV\ AR/ 16 1834adGT/ LBARIN2642(10%10-:Fh&SEs Didd EEIRI @o 4 NSLLATI NG
REG ON %\gtres) .

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 tc use germanium-containing compositions. Such
germanium-containing compositions include mixtures of germanium and
silicon wherein the concentration of silicon 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 mixtures 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.



One enbodi ment utilizes known insulating or fill materials as used in the
art. These include the sane nmaterials as in the gate dielectric, nanely
silicon owode/losB4icon nitride, alum num oxide, hafnium orcdazBo2aszeal um
oxi de, titanium oxide, or conposites thereof. These materials can be
chosen i ndependently of the gate dieleatric 20 material. A preferred
dielectric insulation material is silicon dioxide. A preferred process
utilizes a TECS process (tetrakis ethoxy silane) for a thermal CVD process
to deposit the oxide. CONFORMAL COATING 110 A coating of silicon nitride or
si | i con FCEPHIPAELFSTRARPOSTIHET "GrFAHEY Ext erior surfaces of the first

i nternedi ate germani um gate stack 38 and the exposed surfaces of the
silicon waf erOneTmoagﬁe‘r@rnallllzay%o&mnsﬂateﬁg ASEAN RAkedrisiOpsi Asddhe | ater

br ocessi . al ghs Ol LAE iALAGESSnOLafl)har 1001 JPHL 0ol 81 lecRR1Y,] ONS Y

be optionally renoved iIn step fromth

ger mani MRPEBhEAT HiRgOHeEr ‘b‘d‘tléoréﬁ“tlf%dé’ KR OFA Rhi’gil PR B Bodi ment
utili zesaatalivmi eoitee hdiraeiul aytde . sepacaptiges Haererf - cBrmbgcrrergates. The
si | i con cahasmnehodaay enddmeyddt 1§, osiTede fgaten diet beiria 26 imageeacr yst al silicon

waf er b%@g%ﬂrﬂea%eﬁgééa&ct Oh 58k € SORAUGCE Of éosplrlcbx dﬂotz@deconmp}e@gﬁ%w ce of
epi t axi al | con Qnto chBe top

I row n con (otherw se
sur f ace p6?g%f%g§'f’ehg§fcf’eTF%Sglp(%ﬁceZq(f 6 Etratéls ec%ch(Yucf spe ayer “Bieferabl y,
t he sil irgereschapiePosHy &Re 1F1HS- provi ded by bonding a si ngl e- crystal
silicon wafer to the conductor gate oxide regions 20. The single-crystal
waf er erplfess asoairh@e Ghgnnel to separate the gates in one enbodi nent can
be the one used as the initial substrate 10. This is acconplished by
reversing the orientation of the in-process device (i.e., rotating the
devi ce such fh&PatiRe Hortbifios Mréde BFsehticor qarptie dabiarratedon is the
t opnost ekageic). swffeees €l rige Pl egednigrmediinte gombngur getomtetk 3gyamle t hi nned
to less tﬁl@aékpgséd Buef Qe sadd chpr Sfierabhysdhi nhed cbordabnvesr0.103 sdded. 1

m cron. d,{ Q't§ht41' KNEgRe LAGLE prh}??s\%gké ’%antfe ﬁ&%&é@éss B¢ Iegul ate the

devi ce, al so | mum devi ce rocess faor applying,
t hi nni n@ ?qlﬁ‘aflﬁgan&n]datﬁ&ﬂr FrhtP2st B b§e?ﬁfr’18n"i‘ﬁzalﬁ’e’fe“l° e T aLEdSHBI%w i n
t he processifmgmsieet Foml Grenansinggpfijadantg vepkfdatefantigbdé.ng a bonded
single-crystal wafer conpared to epi-silicon grown |aterally over the
i nsul at QS t hedreduction in defects associated with epitaxially grow ng
this channel layer 11. WD 02/101834 PCT/ GB02/ 02622

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-silicon) onto the top surface of a gate oxide region 20 of gate
conductor layer 30. Preferably, the silicon 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. This 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 contrel 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

associated with epitaxially growing this chamnel layer 11.



12 SECOND GATE DI ELECTRI C or GATE OXI DE 20a One enbodi nent utilizes the
sane materials fromthose discussed for the first gate dielectric 20

mat er i al swolatioms€ | ndependently sel ected. Likew se, theprormsese2f or
application of the second gate dielectric |ayer are simlar, but

i ndependently selected to those processes described for the first gate
dielectric |layer. SECOND GATE CONDUCTOR 30a One enbodi nment utilizes the
same nmaterials and processes, but are independently selected fromthose
di scussed for the first gate conductor 30 nmaterials and processes. A

usef ul tsﬁFe%é%EEd?IEPﬁ%TRggr?Faﬁf*fﬁnof(ﬁlﬁFelzo?s between 0.01 and 1 nmicron. A
preferred thickness for the germaniumfirst [|ayer is between 0.05 and 0.03
m cron, whil ena &mskipeaf etiades hekaw@Smatfe@ialh@rdn nabsgelisansam fayer i s

0.05 and,Q. 3 Jx.cLans qi el cknessesif plhe.d iihalpadaSgCond ges mani um

| ayers are 1 ndependent Iey selfect edl.SEtCOI}ID DL ELECTRI Iaglés%éﬂcNQBEG ON 50a
One enbddFRERS utHT PRREFRE TQANPPHIETTAI Y “BUt°5PE FRdependenty sel ect ed
f r om t hdsgeriageusedar out himdppensientli e [SetTtee th$hrsft PRIFSEeS (HREETIP4Fs.
PHOTORESLS TeHAYER 1 Gaandiid0atPhotleyesi st s and t he photolithographi c process
of using themare well known in the art of manufacturing sem conductor

chi ps. Typical oforesist material is either positive or negative
wor ki ng séﬁ Dc§h¥%ecow??1%§r£?an dry filmor liquid formas applied to.the

internediate manufacture article. As will be described in further detail
the use of phetetedisintmatidizad $hal$amasmdterislre agdmprersisen. dfutaaporti on or
regi on QhaefdhadREB) L¥idige8 UilACELRE didYBEsdi0cbe thRdiifrisethdts somciashi on

Wi Lhout 5 oMReldYLNG 8L NEIBOIL! 0115 0L e 100k AlGecsl RleSeie® (BAGRNRL 12086 by

sel ectively Tenovi ng pregl ons of the photoresist thereby unco,verljrr:%

porti on®ebFetha- 0} 4P8rs "DETREat i PESTITES e~ HRERRFSr EOF MBI THEAA tHENT be
nmodi fi edabsr ishestiweah ©OSnEThamcalcpmecesidesa Py pirraifbyredebisirkeass

nodi fi cabk OfheC air2€ gefRGEuRilbher ik0o Idteasdilof 806 c@bnd heTiex pBSAthebByLLEOr T O
the ent 3&% ﬁ@%@vﬁ{degecén%ygérmaﬁﬂlm exorml .. LhgJLAGOVELLd. RUELACe can be

nodifie y 1ton 1nplantafion or can be used as a growh site for
additional |ayers such as wusing processes such as sputtering or chem cal
vapor dé&peei PARLECTALE dNABRATEEE \REGIPE 58&posed regi on can be renoved by
etching to reduce WO 02/ 101834 PCT/ GB02/ 02622

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 using them are
well known in the art of manufacturing semiconductor chips. Typically,
the photoresist material is either positive 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 portions 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



13 thickness or even to conpletely renove the |ayer in the uncovered region
t hereby uncovering | ayers beneath it. The process of selectively renoving
porti ons WD o2heisphot oresi st are well known in the art anacCrygBocabdzy are
known as photolithographic nmeans. This process usually entails, exposing
certain, predeterm ned areas of the phptoresist using a mask to particle
or electromagnetic radiation. The irradiation process induces a chem cal
change in the exposed photoresist portions such that a change in physical
properties is obtained relative to the unexposed areas. The gro perty of
gr eat estthéclypiSs eRfyen| Y SOHMASEIYE yemeve ERTHANEYT fior FRA APFOIEed Argere

i rradi atirerebhenpheirongsiagerd dye¢athsit subj ected to an etchant that w |

di scrimnate between the exposed vs unexposed areas. In the case of

posi ti ve-wor ki ng Q%tsor ef5| sis St g;ler'lea%e“t1 ha;l% P@ﬁ Orgegp tgl)ép@,?ggrgseiggrr;rermr e

soluble to thee c Yornul

Negat i verstdr kg ’ﬁh(‘}t“ﬁr%l 8 tki?b‘if&&lé FEGFHIE ?%é’f‘%{‘?]tlé?mgréﬁb’o"s JF&Sre | ess
suscept itlie pwwcetshisnglivhantdilesexpnsingexposed, aqreésterhlnnfei ahess eéstéle t he
di scri mgatbagsiet Gling PHASLSS HerKBOWDri fldcheomighefic ragRitebopi mge . Ei t her

ositive t I, 1S n; iorkin
et phot el STt P ot or e e Tk Ao 7B g ey

p
pl ace ofPPhHTLT ELTEEERRIRFIHIE b AR p%mpaf%’celf’sé%c?béﬁ’cﬁfg ’é"slﬁé&Y%ltl"y for
phot or esihst uz@os¢d arhes ¢ Eke PropenyEskE BSeatﬁFHC@@nFﬁl%ﬁ‘j’%P@a‘f‘O]&@M%’t Wit h
t he surfacetedinghermal &ridRd] akhetandrasiiadescehdatot arestibe 1aperviicus

phot or esJ, g} éc@eldl ancsééh%e thge%qtle&mc@%na@g e&scwreaq Qﬁet&ga;@cﬁ vs TT €at ment
typically involves etchin

d_a ? of unc%veere Lel%i tor patrrzaas that
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form SOUIdéée]a‘deﬂl’al ﬁl'é*}eFe%OSltFT\ﬁ'ERWEBIgATE’eAKH NFAPhOPREEIIETS (281 NS Many
of the predesFesitive-natkeng ales kmogwnedints hereaptefetredemnm conduct or or
integrated chip technology are preferably taken advantage of. However, the
present M%dékgmooreferably differs fromthe prior art in that the final
article 1s gate sem conductor device wherein both

Trim masks can be used in place of photoresist materials of the type
discussed above especially for photoresist 40a. In this case the mask is
placed in physical contact with the surface of the intermediate and as
described for the previous photoresists allows certain, predetermined
areas to be treated. Treatment typically involves etching of the
uncovered regions to a depth corresponding to the lower surface 103 of the
first 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 is then removed without the need for a developing
step. Optionally, the trim mask can also assist in the process of
selectively 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 materials 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



final gate regions 34 and 34a conpri se germani um contai ning gate WO

02/ 101834 PCT/ GB02/ 02622 14 conductors and these gate conductors are
separ at edwby2aoms4 i con channel region 13. Preferably, thecgidBoeor2ehannel
| ayer 10 and regions 13 are conprised of a single- crystal silicon wafer.
Unique to this design is that as partiof the process of nmaking the final
product the two gate conductors 34 and 34a are preferably perfectly
aligned one on top of the other. In the art, a process that creates this
configuration is referred to as_a "self-aligni n pr ocess. exanpl es
of such PPOLELEES U B Kn8WT CAPTIECHT £78i HREET T BY GoF &SSP ‘éﬂ%ﬁ?‘ﬂnent is
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st ruct urlegi@Zeanchrgizatgrugevizesposi ti oned so that at |east a portion of 32a
overlaps at |least a porti on of 32. Furthernore, the photoresist 40a or

trimmask 70 fugl, fe D Bé‘éaeqht %ggxata?rtolpe%. %s that ééz”‘i abov@ bot h

portions of e ger manl um cont al ate conductors 4 32a and al so
port i on®*8FeTHTE é‘P‘écrteFFﬁsarrﬁ%ﬁlrﬁléFe g@g?*ﬁné’a’st?c’dhﬂr PEOSESSTRHe YHfiot or esi st
40a or trefeyradkeOdiust - al By praovilee the dtseot i ftolighwentt'ypes of
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cover ed ;QLeAs 7R ke UCLLT, %Q'ﬁ’re§gPMde£de&u§ér?tetﬂé‘achx‘hhs% kL Jlsﬂgmreﬁﬁd second

ger mani ym cont aj ni n gat e. conducti ng regl on nd 32a and etely

resi de éXcTIRIVE? yPETET P GRESSB5° aHE 1°ar3n€lé%’?f‘t‘?ﬁ8 ty p8e d:f’p F¥er ed
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val I's 210 of i bl «200n208 Lhe pshaaval ds 2600t dil 86l f-coMPOSi te

regi ons 250 creat ed
9 rtdin deé%gn 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 openings
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 etching should occur. The first
type of covered areas 72a are preferably smaller in size than the first
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 52a.

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

areas 300, will be bounded on one side by germanium-containing gate



fromthe etching process, are essentially vertical. In this manner the
pillars 200 will conprise sidewalls 210 that conprise germnmani um contai ni ng
gat e condwotoariorsagi ons whil e the etched areas, al so descr iPoaiGmR/0262d
areas 300, w Il be bounded on one side by gernmani um containing gate WO
02/ 101834 PCT/ GB02/ 02622 15 conductorypillar 200 while on the other side
conprise the dielectric insulating conposite region 250. The present
invention preferably further allows for the selective processing of the
ger mani um contai ning gate conductors w thout essentially altering the

si ngl e- cegpsratorc Rahiiel 2¢habi ke par ditest e it despetatire iy dieleReric
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t her mal | aml%(n a r& asima process. ions E{)or th Iasrra [ocess are

about 500~ 0G0 %S “Fo 5B ottt l“f tort ° J6C°§6Tér 32582 pascal s)
oxygen, %ﬁ‘fﬂ“‘%@ﬂ?d I'thlwzﬂa?'t St h} Ws MeRF Tt KED f’é?ascﬁj‘fdeﬁn‘il hPé’é’%r c6iett i ons,
oxi dat i ort bboms 50 t301F00NHeES . priovded esheab 0uind8OdnANgster oemnaf 8001 Bhek0

net res) slflooﬁn@atfmerﬂiﬁma{e oxi dahi waeo&a@eimhggeaqaﬂ dwriaghi eved at
about 53 C and lec%%tedln s {791 %?9“]?999 §§88r rlOQ?Qz 6 8¥%g( %21‘1.’:’ o% Pﬁfwcal S)

oxygen. Under these conditions about rons met res) of
ger mani lﬁﬁsﬁﬂﬂ% caﬁ?rﬁ@’gﬁ“‘oﬁ\ﬁf‘ atteret ?&Fhﬁﬁlﬁ’?ferentlally 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 germanium 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 means of a water rinse at
room or elevated temperatures. These 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 ger mani um oxi de can be washed away by neans of a water rinse at room
or elevated tenperatures. These oxidation and wash conditions are

publ i shedwpr2@ersB£onduct or Sci ence and Technol ogy, vol 8, rEapiRmioed221993
"Plasma Anodi ¢ Oxidation and Nitridation of Germani um Surface", Sun Zhaoqi,
Liu Chunrong, pl779- 1782. In the prefgrred enbodi ment, a typical etch
recess distance for an exposed germani um containing surface is about 0.01
to 1.0 mcron. Most preferred etch depth is 0.03 mcron. WO 02/101834

PCT/ GB02/ 02622 16 The etched sidewal| surfaces 36 and 36a of the first and
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di el ect igegmiH aeiratr¥del | | ayer, and the second dielectric insulating

fill layer (generated during the vertical etch process). Wen polysilicon

I's used it 15590t4.Q08140% Q%%eumlg%%lgalgelpﬂ‘coqlaortﬁ@ehkarislllaemg @l
phosphi ne The gepOﬂtl on_process can %%eorma su C%JCh processes as
em 63

batch t Rerfar Ehem ca v 8por eg%icénpsogf'?‘?réﬁm G vapor deposition,

or pl asP&TBHHARCEP e Heimgcht Leap G O depsoBi Hhash, 239r EPRRATABIRE &P ISt 0 about
500 C. [Baplegréaninsel penfofitedlaet hemdpticorsetandodiefecericdeéposgiation of the

g_olbysi | irgon /bl @g@ana(i%Ei dR iRy Q@;@r\%r@@éﬁlcst&n@rgée?é.sg Siwhes. pdigeidmoiévi th

i bor an [ sen h, ra rahe O RELYP ope

sites. $’he9peo y§| %,P ggﬁh ggﬁjvgt ¥rre§ te |s hl? er bragéergse\s/e by reduci ng
the hei §RPRFH Ehe Ei | SREPFHIGHR Ff’iOICFSEQGaPobq eggf%rﬁaﬁﬁ Whe'He PEIfteSEES e

pi | | ar s b20€h ghedrdileteaticht viapsuldabesidg iconpdssise chegicehsvapsd depbhitiles, use
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500 C. Doping can be performed either prior to or after deposition of the
polysilicon fill in order to prepare source 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 use
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 polysilicon £fill is recessed, the wiring necessary to

electrically connect the source, drain, and gate is provided.
EMBODIMENTS OF THE PROCESSING STEPS FOR 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



used in the present invention utilizes either a chlorine or fluorine based
pl asma, as is known in the industry. After the polysilicon fill is
recessed, wohe/19is84 ng necessary to electrically connect tPeTsGRIROG22dr ai N,
and gate is provided. EMBODI MENTS OF THE PROCESSI NG STEPS FOR THE PRESENT
| NVENTI ON One preferred enbodi nent of g, process to manufacture a dual -1ogic
device is depicted in FIGURE 1 and includes the followi ng steps: to a first
outer surface 15 of a first single-crystal silicon wafer 10 is

sequentially applied a uniformlayer of a gate dielectric 20, a uniform WD
02/ 101834 PeM¥:GBO @R iunTcdnayaringf gakegeateahd im0 e ontuail feungl gsrectmt eri al
30, a unif gimdoay@ioxabie 19bl i€ EArtHdQ Xl alG) fiosm f1ak8R hf angchoBoisdikor m | ayer
of a photopesi, sty JRterdah: 40 kscwppided (FIGURE |a); the photoresist |ayer
40 is then i maged and devel oped to generate devel oped regions 44 that
expose regions of upper surface 105 of the silicon dioxide |ayer 100,

( FI GURE Hs) Phatisgeifdnl #ips 4% igr hqmhémaefetde devi irRed ttehashrerebe conpl et el y
renove the dewpllgrddy regjoneisonBatokexsddel eariotds 008 depkOBuripernEs ument ai ni ng
gate conductQko3@iodieC1 48! e6d rifratle AHd partially etch the
single-crystal silicon wafer 10, to generate a new surface 16, all lying
beneath the openings 44, (FIGURE 1c); renoval of the photoresist then
uncover sthehePTIpet & ¥R Ehen GyeHFed HEER PEFRANR| TRy COPRYSEBRY dIBRTUERF ayer 102
covering t hedgeryaai trpicontodi siligon gabrideonoUuc bermangghorst3ingnghtehe

remai ni ng gah@usice! 86t Lhee @FIQRSI 220, t 1S phATiAL Y @Bk et @-ﬁ'}‘élg&;ry@tal

uni form conf Q{S)szals&y% qf, rfLrQLee%t Bé‘ﬁ PRI NY, | E?rgﬁ'n g&?@he”' tride
or silicon carbide € uncovere RS F

si ngl e- cr ystErigs f*ﬁon‘Fﬁ%ﬁR@r ‘16 the topnost surface 103 and vertl cal
sidewal Is 35 of the pillar 38 conprising silicon dioxide region 102,

ger mani Wameodt ak niHeg pRator e €03t d tigdn0 ind @@k & Nhe SdppRRdsddFacgatoe ofic@bectri c

region 22; xaeaagagngesiﬂllchn%qo@d e@dley%vm% S&Aé ang;ulwc@ﬁt;énq ngoat ed
surfaces of theﬁ%‘ﬁ‘f e- crystal con waf er, I con, di Oxi de

e sl
102 cover eP**§et? i EBHEAP i ng tae Crgﬁatfblpgrgﬁ»tgg? “%‘ch’Fl SEFATHh 42
(FI GURE i d)thup| fayairg geForstprsk 38 f ormed to uncover the topnost surface 103
of silicon dioxide coating on the gernmani um containing gate conductor (the

silicon 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 fill 50 is coated over the silicon nitride 110 coated surfaces of
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 gsilicon
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 fill region
52, (FIGURE 1le);

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);



nitride coating 110 has al so been etched fromthe uppernost surface 103 of
the silicon dioxide) and to create a uniform height for the

ger mani unwoontiedssd ng gat e conductor region 38 and the oxi edeTfGBok/oe@gi on
52, (FIGURE le); a second silicon wafer 60 having a |layer of thermally
grown silicon oxide of about 500 Angsig ons (500*10-10netres) (not shown),
said thermally grown dioxide |ayer being bonded to the planarized surface
103, (FIGURE |f); WD 02/101834 PCT/ GB02/ 02622 18 FOR THE PURPCSES OF
CLARI TY THE CONFI GURATI ON AS DESCRI BED | N THE NEXT STEPS ARE OBTAI NED BY
ROTATI NG THE ROENEHRCERRFASER T CFAE T NESREPESSTREGN ¥ PRFSTEPS 1 8By 180
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wafer 10 and thereby renove the silicon nitride 110 originally
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further create at | east one s r.esi n tf}ie dielectric
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about 1000aAn@8éf«anys rénkd802HD s 10 aret tiies)dd RhGUREgigyLlyseapienttizdlll’y coati ng
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ger mani um cont ai ni duct 0 ilic n nitr
phot or esi st~ 405 ¢ ovgg o’ ﬂ‘et%g ¢ an%% 113 and the die eltllel%tdrll% Oﬁdrilgd 2Fi 0 (or

di el ectri c*¥HSBI A YBHCH SEPIT%2S &G Eﬁ"?éme{ qu@l'HF@el A=A HENGRBTUMERY st 40a i s
i mged andgdeyebopedot gegi@atie, covérdanneyirensngl 2athighdegpehiargst 4484, t he

covered regs Qsusheub hmaktifasiiverd-apnstRer tirogurmigthe first germani um
contai ning gate conductor regions 32 and a portion of the adjacent
dielectric fill _region 52; in the areas where _the photoresist oPenlngs 44a
are | ocZEEEERTIBITY SGRAETE PHEOSBIGHETS Fet SECPRE giaﬁ%lﬂlﬁf‘?‘?ﬁlf APEFEHD0, the
second ger r\@pi LANseoPdaBeiTRg igatcent Tignda ctaoe daaglertB030a.andl iche mideddel gate
di el ectri c 1ikayema2Piotaresiadkl 406680t H HhBCARRe PNt bNEhefaikhectddiest

dieleCtri(:6§Ehé éi%lcubrfﬁféi%ctric insulation £ill) 52 regions, (FIGURE 1h);

the photoresist 40a is imaged and developed to create covered regions 42a
and openings 44a, the covered regions should at least overlap a portion
of the first germanium- containing gate conductor regions 32 and a
portion of the adjacent dielectric fill region 52; in the areas where
the photoresist openings 44a are located, portions of the second
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 52 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 22a 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 dielectric region 22a and into the etched

areas 46a formed during the preceding step, (FIGURE 1k);



germani um containing regions 32 to create unetched regions or stacks
conprising dielectric insulating regions 122, gernani um containing regions
32a, and watoe/10ised ectri c regions 22a and al so creati ng voiPdT/GRIgioodrs 46a
(FIGURES 1li and 1j); the remraining photoresist areas 42a are renoved and an
oxide fill 50a is coated over the topmost and outer surfaces of 122, outer
surfaces 35a of the second gernmani um containing gate conductor regions
32a and outer surfaces of the gate dielectric region 22a and into t he
etched areas 46a formed during the preceding step, (FlGURE 1k

02/ 1018 P4 2pET/ZeRDY (562 f°i‘9°-dpg§ Pod SHergaJpé‘}eFB?rﬁ‘é&l BEFOSEH é‘ar‘if

chem cal neoltanec ghe priddess nagride cwewelﬂ%mtgﬁlge@@nnmnt-wmlem| ng 122
on the QGY@QEUMQBE&H BGnaged @ré4ddCimtod? Rttt 6r adhRasA id@omni f orm

nel ght 1o Ji1g; ol gl hLhige cgﬁaél%qngega Mo cat ?éﬂoggagagﬁd Ggaduct or

regi on 32a an oXI| L on trimmask or
phot or esi sto*78°i fs“ﬂ)rf‘?‘?t"@ﬂ fd gﬁﬁ’ Fed?t fo t he pI anarl zed surface to create
openi ngs that are above and enconpass both the germani unmcontaining gate
conduct of $r3% maBed 32ghadtdesd 8076 e girlteatdrdcapplisedl vt @he l@AYLESizE@ and 52a.

The phot or %&%gc&ﬁ:otéfe@km@n& bﬁ)&@ dre aa!béoe %gvae&%msgys%aa@ th® two types

of predeterm ned areas where no tical etcdnngataﬁ urs. Thed e{ectt type of

covered ar €8S FHETS RGP HE gitr?afcf”é UCtRES P72 15°

1% second
ger mani um cesrhireirnipxfaces2 ephditet i g PerficsnsisE aﬁoFr32afﬂa&ﬁd7% H‘Bﬁ‘lﬂd’
excl usi vel yisespAe iy ebveegeotrs twdkyprd F2arddeternined awgisowierefnd2 or 52a

reside undeferzi?@al) eifé}ﬁngf&%pél ntrh@-rfq§59ft 28 S hgwd dat hesaf pr-e shéuaopd ar ger
t han the snal gr t he foo%ﬁ)rl nt ar eg Clrleggl on .32 or _32a. Thet second
g co

type of covared™™ é?e%lszeﬁlban SUITd Fes SEaTy OVer T egiond s

di el ectri c “oPAYEHiALI FRIPAMZNATS 3@8 Y ?F‘?‘Pd%?‘%ﬁﬂ“ﬁ%é{ reside. °Veﬁor‘?9éﬁi‘%ns of
32 or 32a 3zesndle2antier. 72> ¢édiGURPH B}, orv 6P irealidetiofemng24i). @he tri mm ng)
is performadotoriGheats 0PenhNGHuIQ0RRErod0bdN@al rgetagianpiid ahs112000¢ hat

are Co”posg%oﬁ?cﬁg Hat”'a‘#%%sc%tx%:g”&?%z gats copducior.y apd whigh.have

sidewal | s ars _are separate %t rom regions _of dielectric fill
250 by a d|a§t351°ﬁc7éba1516’r\’ddtlf‘?éld"s|C1°F‘chﬁ¥%fcé’ﬁr6’€?91f’ﬁ% °5| 1§ 5% di sposed on
t he second igshilagny BubstratrenB@simnd2canpbdeed (seguent iEdigns c6M2 kat
substrat e shartddige Wdeh 2pSiFicean i, de region 104, a first

ger mani um cont ai ni ng gate

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 second gate dielectric region 24a, a second germanium-containing gate
conductor region 34a, and a silicon 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 sidewalls 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 1lo);



conductor 34, a first gate dielectric region 24, a silicon channel 13, a
second gate dielectric region 24a, a second germani umcontaini ng gate
conduct orwpagiiers384a, and a silicon nitride top coat 124, PCm/GB0d®26220

align the prior |ower gate stack, 32 and 22, with the upper gate stack,

32a and 22a (FIGURE I n); the germani umgecont ai ni ng gate conductors sidewal |l s
35 and 35a are recessed using either wet or dry isotropic etch, to a depth
of about 200 Angstrom 200*10-10 netres), to form 36 and 36a respectively,

| eaving the remaining sidewalls 210 conprising silicon nitride topcoat

124, théhessiderphschamisl 3430t He FPIaseed P rSRtioRdcYite % &t ric regi ons
24 and 24zpnand ol hecaskd i 0Naxh dxidellegxdAszeb04ndirheh echneekte(FG3IRE 10) ;

WO 02/ 101834 - RGEALEBO2, 025 22 ca gt Ig/esi sigwakt@rabi@nd 36a of the recessed
germani um contai ning gate conductor stacks 200 are initially oxidized and

then converted to a germaniumnitride encasing |a er 80, §1FI GURE I p); the
voi d reéPBn‘?13‘OBe%1€B%r3£t°| ﬁ?fatrﬁ'émrgef:%"s%ﬁeiféfln%‘?ﬁmﬁ THAPRIHPHY §are

conduct or sbadkgoerstgicks arrspRURrErH fhmen oke deifi¢ [Gilt exficoars 54 w¥d5%%a are
filled wt QrEOEMSEJiivﬁQH 20 M idopesh at @pedtatl@ELA torBbedtado@E2AbE21

atoms/cn2 qr _As, ot P q?poetd Pag%,%at gmLLymalQE%QmBo " syaﬂee ssq,%g@/dc}m n

contacts tO t anne opant_1In ¥? 1.con fuses into the

si ngl e- cry§f’8Fa%t|sI F%&ﬁecﬁﬁ‘ﬁﬂ"é]i (ltﬂ"érdc?B?ntf dPn‘?}?"Fg }Véléb‘ﬁl‘?l’cgﬁfruéieﬁ 1852t ensi ons
for the doubkesigate cduvigleriliden thinghl tberede fpolipgi thec gpurcel firadpeas i s
reduced belegvedienbeaicghthbacbie seaeasetteger mani um cont ai ni ng gate
conductor stacks 200 and the oxide fill regions 54 and 54a and then the

olysilicon regions (source.and are el ctrlc |1y connected tqQ the
¢ néle &Pw%ﬁggﬁf.mpehéﬁfﬁéfm Féé}aoaﬁ)gai PECEREFY)°e o v e %téc%ssgt he

dopant frometessegotspsphiworontagnihd Pase FonrAtesorhetaska e éﬂ/§ aloxdfeicon to
f or m sour cehidr alefioXEensidonsa fagd tHee deUbbE/sgaiernFEdgideyi ceurddhend

enbodi ment g, desc gk@eeqeb@h%mb%&g&gw dechd es%giec %Iry%@.ngﬁltﬂcgﬂ chtagn@n

ext er nal power SUQE r er %glsunctlon ?F%B

useful net A4 ¥6r ngOI el ect ricaP eonnects |on§albtyffﬁ%"éﬁ ?WgRﬁSlﬁlcon

ger mani um gét @1frfé§?cbﬁ§t%1r’f@et HeI3BTTREF i &1k TBgFOFSTT MEERISTR He
constructi erteisiant aiedli tig pacbl38fateABET @lrvba:=.seen in FI GURE 2a, dual gate
el ement 270 is flanked on both sides by polysilicon regions 90. During the

time of manuf,l%ct %%d?tr]:eng:heé esc%‘:l_bergeﬂere1na}£oa\‘rrédal*:en<§119eadel%gt(:)rlc%l CCOOQl%Iéé 1COBed
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 f£ill regiomns 90. A typical construct is shown in
FIGURE 2a comprising 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
photoresist creating an opening 350 essentially having a predetermined
cross-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

havi ng a wbdehoskat i ncl udes the dual gate el ement 270 an@CThGBORANLG22
flanking polysilicon fill regions 90. A typical construct is shown in

FI GURE 2a conprising a top-down view apd 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 FI GURES 2a

and 2b, the process of making the electrical connections begins with
coat i ng B EpRRtvERsThst OH’GHEN%P theSF ™St rfache orP i PRATEEBIRES dual
gate deviease 20 taprtbsinFegpiendieliedtdievet¢mipnngtd, hehe photomeshametrigat tigg an

openi ng 3RQr &sseNiidaAkbriRayidign B PLed et MA1N9dinte 08515664 ig@Bnankl@ Openi ng

350 o] ortion_of the al t I h
I and: ?\g Vgﬁ %’88 gnl %ano er g md%@ c% mﬁé u%r er %%Q.mgrﬁ gr%aecq %Pa agﬁ oﬁ 320

of the s"?HlFLE‘Hh cHRRRELIE? f APE trhég’r%iﬁlsa Pagt 34 ﬁ@e tﬁfp\?ﬁdoéﬂ RE3P) -
PCT/ GB02/ 02622 21 RIE through the opening 350 is performed to the topnost
ger mani um gatge RwveidiRdt PRURSEsiGat & di-el /elr ffon cigH @Bp 24aradd@nsgidiiicon

Channe' ggsw%uréac\g@r 33 ALELECL! 16 4 PP Uokdl 308k Qﬂ%}é't%i&’al‘ 1pto the

| ower nium manner er mani um

gate 34amc9ﬁ%e ag| ‘I”TY@SH RASRhEr LTVahT eIt he it Wpﬁg & Posed
( Fl GURE 22bye fHoe 3096w e100pecrphutldy edost: i Endst rinsped-ohAdriorketitop surface
and all ox@¥pasedrsddbasesnara1sedy erimd1t 03 Qxd BozhnNger@andind o thaind

typically,, Lnclude a0, Axge&e@L%@ge@lesléyﬁggd ﬁ@n@eeprtﬂ Efie tlr{%sf ul

tenperatures range

C.. Under
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ger mani urpoyad BsmS4eahdvhide dhardertbnefetbedhuat frrhdisiliexdpdéetide oxi des. The
dept h ofccabend husis fopisadl geabsani2ommstdens qat+ ngs mdérand 3Fmuvaced)ypically
about 50 Angstrom (50*10-10 nmetres) while the depth of the thus forned
silicon dioxide coating 19 is t plcall about 20 stro 20*10 10

et os . (Pl ARESopE ReBORRTOI PHE G EPNGORM DRFdc ot HEY: 37 and 37,

wi t hout sigihtdreaneogsovadnel dheofiliinen sixlife swabiiade? dFatfhgved Wishaxhi eved
wWith a wakerrihbSe atbianbi @nktlofatel eaperhtheapenattiie. mddaethite manner the

silicon ﬁ@@%ﬁ'ehérﬁue‘lslﬁr Qt Qgtééf 0001 DMk 21301 Jayels Jcﬁe thgr eby

electric atin Alln t t 3 b l
(FI CLRE 3525 KB BRal . CREmeRal- Dano hepoer i (VT Hopod
pol ysi | i@éﬁURE 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
shown) and etching the resist pattern 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 £fill 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 sites 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.



90 is then added to the contact hole or void 300 and the upper surface is
pl anari zed by chem cal nechanical polishing (CW) (FIGURE 2e). The cont act
and wiri rgoseherses i s then conpl eted by depositing diel ecPCiragBoswedr2as
silicon dioxide, over the planarized wafer surface, and then patterning
the silicon dioxide |ayer with a photogesist (not shown) and etching the
resist pattern into the dielectric |ayer 55a. The etched pattern 55a is
designed to create a m ninumof three via openings; the first viais
positioned approximately over the filled contact hlg 3? nd the second
and third via drePbsieiRReE A TTart 1P 60 et e deir s %‘gm ﬂ[aﬁe bol§3i I i con
fill 90 sgedéhy feaviderehroddidt §herraAtIABSgRtRerpPeIEEaR@P0s e Wardi al |y over
t he sur rsmimuilmlswiﬂrﬂﬁntm epxirde o6MsHé ainOenthidn. Ty ady dfeastmpldr ée 14 a are

filled otsglaleccegdwptlyvelerratﬁrohélmaeesﬂlasst&ngett@l@ msulsecpaoeayemwg
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Wi ring i&FoRt thtc RERLR®Y 0°F HE SEBEPRD3T2SUPT & é BSEERYS ‘t’/‘}léet%epé’lse"c‘t”tg t‘,‘?il |y

connect idselstialy gatiendsvicbe deoahringxdiernede powkrces sffutbe. subEr 2101834
PCT/ GBOZJ&%&%neZZgAIet B@aléﬂb dMOpPIeRtfdd adrLIFBodi MBBL SalESe19esLri eek i n
detail it C ateflgrdls %_[an 1{1hpla€[§§|teogp?pllg‘é tshEeAJrﬁefQ%l éoa%.ln%h:%r tlper m'lt atl ons

t hat Wousltél 0 e I nventio

exarrpl e, S”ibﬁtt’%te po%ltbt% “gd° ﬁt";ﬁgt AR SPAF10Ts 2 TRt fiontd %‘?Jéﬁr’éfse"t ‘Pl‘et

i nsul at o Eeyerthe 02inal tdrsegsttackeofditiwse begepvsid2on afdatneulpttos &ildl ectric
regi on 2cbeath coftted atapR.t e ehdtde) dbodingmtptheak SATonfaibleds ¥hst riat e,

uhil o depasiiing.gi;chisibaling Ledbon anciie. [SIBLINTLAL serete,sprtaces

of the subst rae I n nanner S can fornmed direct

Al t er natiBEY 15 Nin ﬁéfle“ §t’%at?k rﬁﬁtgﬁaﬁl"%l‘é%ﬁP? Mk £8F 1§ b a TRl a%‘

uni f or mee@at ¢rpdorentheas sapetipad o ferm ke fdase seteritagkiqreshpreci fic areas
shoul d he.gepérddeadl publedtedf @f mothentistabngajee sdtaeks, af ptdvavedtdyhese

deposi t 'aQ'EePI’iatalvé '}:%%l:@és%rs fildhael c'?JaPe the. £l ehed, %@@ﬁ%p b RDOTNCEs the
enbodi ment , silicon dioxi is initially applied, "and after

et chi ng lrs’Eraél t B OpenTHGsSt "‘tcgé gate stack is formed in the etched areas.
After application of the silicon channel, the same enbodi nents as
descri bed to fmoamothee érbosimegat eitstaciestani be udendepandenthyesekeateed to

formt hechéeﬁétnqhgetle §t@9ktha% pttec)\ewganta@ $ihesén s%i)ttexra@et I MELTOBESRRS |
t hat thetre shoul \e/erl a I on first a(nd se%gnd gate

st acks. hé origina subs rema?ns 1n 1 inT 1a§ conglguratlon
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. 2ll
these types of permutations are considered within the scope of the

invention.



I n anot her enbodinent, it is desired to use a silicon wafer as the channel
that is other than the original silicon substrate. In this process the
origi nal wobetioesse remains in its initial configuration (ipca/GBizhes22dual
gate el enent 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 conposed of single-crystal silicon.
It is also specifically contenplated that the order of the manufacturing
steps may be varied and still generate a final product that perforns
essentially the same function as the“Pt®€ent invention. All these types of
permutations are considered within the scope of the invention. WO

02/ 101834 PCH-GBRZ4A86824 e RhuEbAIND £ aAudiniaeneed Al teviRRUEAGUS Brgh:Or

dual gate logic device conprising: a silicon substrate having at |east one
major lateral surface, a first |layer conprising a first r n and a second
region, said ? P& BRSR2EOABFITS A 152% SPEAFPE ]I‘aitFFa]rrﬁ"gé ¥4 and said
second region sequentially conprising a first insulator stratum a first
ger mani um cantaksd ngygacemanB e ta0fiSdtr addidh #nhdgat eecdhel@ghisn,c ssid at um

and a si;ngl eregwétc%p&smgwd%fe@wm f§91 %af;élrlsatl mdsge&%@@lorrdegegm
residin or, aterg sur f a second aafylrst onpri.sing a third

regi on r‘?&u?rbtdrahﬂy SR e R 4 hit ?f rae% ShE2oWr T SitAgT £°55%ERE di el ectri c
Fill matepkainiandEdtoureitucFeysbIr unomERst fdetectaeorriratime ahdect ri ¢
strat uUmsiagSeeenst JeENRikbH M tra ot ab8i g1 g8t and Gedufd Gegsdrsateddiaf bna

second |£§glrga5|opglascte;§£ umeyherein said fourth region at least partially
overlap said second region and said third region at |east partially

overlaps said first region. 2. The internediate manufacture for a dual
gate | ogi c deviceerrds laxasi F@Prifinach athird, ragier éind Swirgh sifgser-atsei¢onpri ses
epi silimend r@gidheohntieingdi atendadiflactticef{ar mar«dual gat eodragi ¢ devi ce

as reci tregmw Gt Tk Ag aweecro%rgasc@' Qleagbat agera(equu §§§on%l ooleqn ey st al
silicon e |nterne%|ate manuf acture for a gate %éc devi ce as

reci t ed PR EYEP LS PETH ERTAFUF rBF %r?&cg’é%dﬁﬁuﬁ‘ FRRSERY 6Nt ai ni ng
gate conductor independently conprises up to 50%silicon. 5. A nethod of
form ng an i nihereredisary fstirtiCredienf of 16se ipArtiadl@lovgal® said second

region and said third region at least partially overlaps said first

region.

2. The intermediate manufacture for a dual gate logic device as recited

in claim 1, wherein said substrate comprises epi silicon.

3. The intermediate manufacture for a dual gate logic device as recited

in claim 1, wherein said substrate comprises single-crystal silicon.

4. The intermediate manufacture for a dual gate logic device as recited
in claim 1, wherein said first and second germanium-containing gate

conductor independently comprises up to 50% silicon.

5. 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



device conprising the steps of: providing a silicon substrate conprising an
upper surface, residing on said upper surface a first pillar and separated
by a voi dwoazdesend pillar, said first pillar conprisingPCayGB02/02622
sequentially affixed fromsaid upper surface conprising a first insulating
| ayer, a first germaniumgate conductsr |ayer, a first gate dielectric

| ayer, a silicon channel, a second dielectric gate |ayer, a second

ger mani um gat e conductor | ayer, and a second insulator |ayer, said first
pillar co rising a surface, said WO 02/101834 PCT/ GB02/ 02622 24
second piF ’%ﬁ‘ pd(].)ﬁ’?fr cgi“ sing & 1T S1PeerTE i 1F‘§§Felang\nad Sge¥cond

di el ect rdigle¢yzic| Galdr lavsai dbaddcenvdnpidillasr comprissnagp &op oprrsags.aekl al |

sai d | ayaag fdyekbhefureRepcbspdigimf) agXxd:lk0ér SUurfaee;armind sel ectively
recessing said first and said second gernani umgate conductor exterior
surfaces w t houyt mvgplflcantl recessing s hanne or said first or

second gate diSaFECIPLE "EXEEF I S 0r &S sgh‘?cfef"?’f ] AR TS ST
i nsul at 199g9veRpeT SEBeEeeT GHr EaRer atiddont sderidhicertlor setessang ispsd channel
ger mani wn gaie fiegessetkcstd fgace dRrled rsecoatdr g RAniddes gat eaikcessedr

surface.sefond NasARIRAY Qe f %Ecmaf]jgara&r'fm:&f MRAb Ay & UEid & £Qfcuse in a
dual gate. devce s leciled in. ol almo, uhereln sald silicon channel
corrprlseqs I% crys ArCSiTTcon. T od ?“fgrmn anlnternedlary
structursé‘rf%ﬁe use in a dual gate device as recited in claim5, wherein

said recessing step conprises isotropic etching or oxidation of said first
and secend gemBBid kel Ot eorniag ML A e @%b &dyOEt SELACES: Be Th& ARIthod of
form ng AL U SLIEA! 8L 88 TACLHLG, §ONlBgid Bafh QYR condBL S0P VLGS, A1 €1 T ed

in clai érein said recessing step conprises isofropic etching of

sai d fi F¢PIHNGTEEEInE &PPrani um gat e conductor exterior surfaces. 9. The
nmet hod of formng an internmediary structure for use in a dual gate device
as recited i mhel @i, octVb&Rhg HAkfdrmoliiny striceiddgot SuseaGC@ANBLdished with

CF2C12, e : " e vel o0 . 40, esl0. The
nmet hod c?ngf (])%Q %] %%g@dr}?e?(r}e\p{e%%% i gt %&g%u?leggd §%gest ?ng @ggaﬁv&gégst e device

as reci t'€39 Oﬁ’lﬁl O\Xh%"'rlélflﬁloé’af’ﬁ Pt eSTFhPT6t EFFCInFTTERY™ ERE st ep of

conductor exterior surfaces.

8. The method of forming an intermediary structure for use in a dual
gate device as recited in claim 5, wherein said recessing step comprises
isotropic etching of said first and second germanium-gate conductor

exterior surfaces.

9. 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 CF2Cl2, at 100 mtorr and power levels of about 500 to
1500 watts.

10. The method of forming an intermediary structure for use in a dual
gate device as recited in claim 8, wherein said recessing step comprises

the step of:

oxidation of said germanium-containing exterior surfaces thereby

forming a germanium oxide coating.

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

gate device as recited in claim 5, further comprising the step of:

applying a dielectric coating layer to said first and second

germanium-gate conductor recessed surfaces, said dielectric coating



oxi dation of said germani um containing exterior surfaces thereby formng a
ger mani um oxi de coating. 11. The nethod of formng an internediary
structurewbar/iose4i n a dual gate device as recited in cl &amdcsozim22her
conprising the step of: applying a dielectric coating layer to said first
and second germani um gate conductor rezessed surfaces, said dielectric
coating WO 02/101834 PCT/ GB02/ 02622 25 conprising germaniumnitride,
germani um oxi de, silicon dioxide, silicon nitride, hafnium oxide, alumnum

oxt de, 19012l um.0x ey, §f 11130 WBRKI AR ok, 10 PUI0AA, Loruhao an
HERLL

i nt er medica rlstn?u%?ture or use | evice as recit ed In . claim
5 furt H’éttrb?ﬁ“rpfl?fs‘ﬁﬁ‘@ ‘f’ﬁélestaéﬁ“‘b?um Spifteyi F@’tél‘tlﬁ‘ &% r PE THAPHHY °T"a‘§fer to
said first and second germani um gate conductor recessed surface, said

di el ectrix¢ COAfel HghoROSIEbShING HEriMBEea: &t Bt fleztuld. foFhesdaebhoduel form ng

an int egz%g'@ervxcétar HELLRal O 36 50 Al coggéleslggwhges@e% pecited in

claim1l urther conprising the step of using a nitrogen ion plasma to
convert said germani um oxide to germani um n| tride or germani um oxynitride.
14. The met howpbdfidoornditdesyricneeatiedilavyr Sor setduférfioprdisecprd a dual gate
devi ce a@rh@tivneghdeN c6AdicBdd Qecédlcihairiaoapishsd Ry el &ierst eadling Washi ng

away saifl gerdmpi lm.oxide,e0aklng by nmeans of a water rinse at room or
el evated tenperatures to forma first and second germani umgate recessed

surface; and applying a dielectric coating layer to said first and second
ger mani LiLr?rgatTéler widsdetf Sartiagesn darermifetac T EBatiCRg CoAPra SRy

ger mani wacaideaviide ,asgesdtari um exatke 10 siflurclosr dompdidéng sheéigen oftri de,

haf ni um oxi de, al um' num oxi de, tantalum oxide, or titaniumoxide. 15. The

nmet hod of forrp ng. a nltt%rredllgr sagnrlau%t ug envelgtr s |en a guualxmgage devi ce
as recited in clai r%_aLG 13 "Wheréin said Volds are fiited to  a height

bel ow szﬁeami”}lrué‘tn%dd%é’éoﬁﬂr“}in‘F“anY’b‘ﬁréﬁ?f aces with polysilicon nmaterial
doped with N or P materials.
14. The method of forming an intermediary structure for use in a dual

gate device as recited in claim 10, further comprising the step of:

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

recessed surface; 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.

15. The method of forming an intermediary structure for use in a dual
gate device as recited in claim 12 or 13, 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.



