; e3eBl DDEt G@.G H6HTBI\ f <18 MAR 200g SELF- ALI GNED DOUBLE GATE FET W TH
'SEPARATE GATES BACKGROUND OF THE I NVENTION  The present inventli BrMAR 2[]04
generally relates to a self aligned doubl e-gate netal oxide sem conductor

. (DG MGSFETj ; in one enbodinment with electrically separated top and bottom
gates. Moreover the top and bottom gates may be fornmed by different
materials. . ~~= P'0" ~,~. a~,~A., The doubl e-gate netal oxide

sem conductor field effect transistor (DG MOSFET), is a MOSFET havi ng a top
and a bottomg ' h rners in the channel The double gate
MOSFET has sevghiﬁ@h@ﬁﬁﬁgiéﬁbg‘gﬁéfg@a&ﬁ*ﬁ&’KH‘H SERYRA T CATRSSFET:

hi gher transconductance, |ower parasitic capacitance, avoi dance of dopant
fluctuation effects, and sBHEK OHNBrQF@ﬁﬂ-‘EHWEMHDJ&cteri stics. Moreover,
good short- channel characteristics are obtai ned down to 20 nm channel
length with no doping needed in the channel region. This circumvents all r
‘r._. the tun down, dopant quantization, and inpurity scattering
probl ens ass nﬁ W channel MapLpge nfRiepnt i onal systenms have

at tenpt ed to oubl e-gate structure wth both top and bottom gates
self aligned to t'ﬁ@ channel region. However, there is no satisfactory

net hod of achieving this self aligned structure. Previous efforts generally
fall into the follow ng categorie 18 MAR 2003dA first, category

i ncl udes et chi hif EPFEPERYE t@%gﬁiﬁ&aﬁy aglm foo selfraligned deublengateanetsi ¥idy” gat es
around | deniicub @R(DELADBFETY, o bnd EAAM:THER! wﬁé@lﬁ)glcamb§{b%&@éq<toﬁ 3h§ QHiom
etches a silicon on insulator (SO) filminto a t

sour ce/ dgakésn Menspeasithe o apd battem ¢etes maylbe formed tyndiffdreposiatesiatshe gat e

material on all three surfaces of the thin Si bar. Anot her way invol ves
malting a conventional single-gate MOSFET,- then using bond-and-etch back

technl ques second gate. A fourth conventional nethod starts
with a thi I@mlmm‘mmmm patterns a strip and digs a tunnel under it by
etching the burle OXI f ODéFcApomP PR IR 4,1 | dge. Then) this nethod
deposi ts t he ga%’ teri aI aII around the suspended Si bridge.

The double-gate metal oxide semiconductor field effect transistor (DG-MOSFET), is a

MOSFET having a top and a bottom gate which cqntrol the carriers in the channel. The double-
| gaté MOSFET has several advantages over a conventional single-gate MOSFET:; higher
transconductance, lower parasitic capacitance, avoidance of dopant fluctuation effects, and
superior short-channel characteristics. Mbreover, good short- channel charucteristics are obtained
- down to 20 nm channel length with no doping needed in the channel region. This circumvents all

the tunneling break-down,l dopant quantization, and impurity scattering .problems associated with
channel doping.

Conventional systems have attempted to make a double-gate structure with both top and
bottom gates self-aligned to the channel region. However, there is no satisfactory méthod of

achieving this self-aligned structure. Previous efforts generally fall into the following categories.



"there are serious drawbacks in au of the above approaches. IJoﬁ MWQUI"
the first and second require formation of a vertical pillar or Si bar at a
't hi ckness of | 10nmand it is difficult to reach this dinension with good
‘t hi ckness control and prevent Reactive lon Etching (RIE) damage. Wile in
the,vertical ease (first), it is difficult to make a | ow series resistance
contact to the source/drain termnal wuch is buried under the pillar. In
the | ateral - i G8 . dih i L] .t i :

et gnt. 1 2 FG Sfep RO wahi it G it Ehlle sk Pl i e ol

al i gnnment ,are | Q- Ppr.abl ens. the fourth cas the control over the gate
. lengt hﬁ?@&ﬁéﬁﬁeﬁtﬁﬂ’égﬁﬁﬁg& QSS "é‘{‘l‘ﬁ‘?ﬂ pifles f slicnpaRater GAR nust be
made of the same material. A co-pending application by, K K Chan, G M
Cohen, Y. filmainto a fhirsbar, makep thy sowspr/dreip eentactsombpth emsméibeéammﬂeeosﬁaﬂ@ gMESFET
by Sel ective Epitaxy and Silicon Wafer Bondi ng Techni ques", 09/272, 297,
filed Mar olatetig] onlfliofren swfalastof thie thio Si tay. 36mthet ay inenies nmakinga corileationy]l utili zes
a nmethod for .the fabrication of a double-gate MOSFET structure with both

top-and beinkleRe@MESFBE)thenaking Baifll-dng-efch Back ixBiigles loFainDthe sebbAd gHEOCASS
ci rcunvents nost of the 2 18 MAR 200 (, problens discussed above. Yet,

the top amﬁ:ﬂ%ﬁ@m&ﬁtﬁém&fmwwa.mgéxﬁmha&eﬁela@e@taﬁ@digwhﬁma%&&ﬁ,
because the gate material 1s deposited in ohe proceSsing step as an "all-
around the ! | " : ' not. desi| in, sone | j cations
for the f§¥ %@mnggﬂﬁ)té'ﬁes%%& t?—'l%?ré t% ,s%g renggshlgﬁ%ei' ?@hﬁi tﬁ]? %@gt?l%dn&eggﬁ“ﬁt%%?ﬁalevi ew,
two el ectrical separ.at ed t are preferable. Second, the bottom gate
and top gﬂ?&"ﬁt%‘%ﬁ@gﬁﬁqwﬁe@%@ “the same material, thus only a
symmetric DG FET may be fabricated. metric DG MOSFET in which the
fottom gate mat’ ?%st‘f"g’“%I&f"f"&“&ﬁ’f“hﬁgﬁef‘ pEPathst &' gl e frgand zed.
Chan di scloses forming an "all-around the channel" tEqate by form n[q a
suspendedSepPnd rgwraformation of averticalnities pr)Siban ot & thickmesy off I0amead é#ds diffisnlter  t he
gate material conformally around it. To obtain a good threshold voltage .
control, raach thisdimensiontwithigeed thiokhessitastrpland pieventRieadtbigrdon Bicling (RIE) ddntage.s not

clear if such thin bridges can be processed with a high enough yield. Thus,

this may Wiplesethe vbitingltegsei(finst),anis diffeeuld toonds 8 lovigpgestaslarnca caitmbto tHhus, - t here - -~

is a need for a self aligihing DG MOSFET .that i's formed by depositing the
top and bedtrairgateminahdkigieisderdd under Bieqlillap Inttlie lateral casesetba)phodete NMany
advant ages. ‘For exanple, the independent formation of the gates pernits the
gates to bedteisithitddbiliieySi sanpight dflthe ttrdase/thidRknesy contdd] yhd\@p/bBtieh kat s and

t hi ckness, and to provide a structure that is planarized, making it easier
t 0 connectelf-fligniieit se€majoipralslethd. i 10 the fouith lcsye) the @ntidkr iRfgak DG MOSFET whi ch
permts the formation of a very thin channel. 3 )

length is poor, and the two gates are electrically connected and must be made of the same

material.

{ - A co-pending application by, K.K Chan, G.M. Cohen, Y. Taut, H.S.P. Wong, entitled
“Self-Aligned Double-Gate MOSFET by Selective Epitaxy and Silicon Wafer Bonding
Techniques”, 09/272,297, filed March 19, 1999 now Patent No. 6,365,465 (hereinafter “Chan™)
utilizes a method for the fabrication of a double-gate MOSFET structure with both top and

bottom gates self-aligned to the channel region. The process circumvents most of the



18 MA R 200g -4 SUMVARY OF THE | NVENTI ON Therefore, the i nventli §nMARVAGDHs
“a transistor conprising: a channel region; a first gate on top of said
channel region; a second gate bel ow said channel region; wherein said first
gate and said second gate are electrically separated fromeach other. The

i nvention further provides a sem conductor chip having at | east one
transistor, said transistor conprising: a channel region; a first gate on
top of said channel region; and a second gate bel ow said channel region;
wher ei npeshlegnsidiscassedyabiore. Cetythé ®p sndibatiofnf gates ate stillplysically donfddted airRs Second
gate; and said first gate and second gate are electrically separated from
each ot heurs bebemsé the gtk infateriblik H&]ﬂﬁiteﬂﬁ@&ﬂe%&eﬁin@%ﬁeﬁanlp’f jf AhiHdNg. @ transistor
conprising: formng a |lamnate structure includihg a falrst gate over a
‘channel cﬂaggéloggte_r enoving portions of said | am nate bel ow sai d channel
region; and, form ng a second gate bel ow said channel region; wherein, said

first gate apg j ] ate are electrically separated fraom each other.

The invention ?@?g’ ?Ol}?)g ggsr" glf)lrg(l)nvslo é’sap%}wﬁté(f“ﬁ&od%?’fffoﬁlf’é’f%rﬁﬁpﬁ%iFh’iﬁt’ foadhw| e- gat e

transi st.or..conprising:. form a | am nated structure having a channel |ayer
El ult%em 9 38‘%“1@%1 X

and fir SUtSETFLRIBGT gyt eRaraied gptes argi nieferpllm ndgcondaghe bottdnor i ng

openings .in said lam nated structure; formng drain and source regions in
sai'd op®Hf be‘z‘S’P BRIRRFG etgtsdly madeef thy samgimptarighiwa pulyia symuetticDE-MOSFBAVe a
first portion of said channel |ayer exposed; formng a first gate

di el ect PREDEAbrEcated. Ayrnmetric P&MOSFET in which the bottom gate material is different than

the top.gate cannot be realized.

Chan discloses forming an "all-around the chanhel" gate by forming a suspended silicon
bridge (the channel) followed by the deposition of the gate material confonﬁally ar'ound it. To
thain a good threshold voltage control, the channel thickness should be thinned down to 3-5 nm.
It is not clear if such thin bridges can be processed with a high enough yield. Thus, this may
impose a limitation on the process suggested in Chan.

Thus, there is a rieed for a self-aligning DG-MOSF ET that is formed by depositing the tép
and bottom gates independently. Such a structure would produce mény advantages. For example,
the independent formation of the gates permits the gates to be electrically separated; to be made of
varying materials and thickness, and to provide a structure that is planarized, making it easier to

connect the device. In addition, there is a need for a DG-MOSFET which permitd the formation of

a very thin channel.



formng a first gate electrode on said first gate dielectric layer;
removing portions of said |amnated structure to |l eave a secor”dgp&mk%ﬁ
sai d channel |ayer exposed; 18 MAR 200 -4a forming a second ‘gat
“dielectric | ayer on said channel layer; forrning a second gate electrode on
sai d second gate dielectric layer; and doping said drain and source
regions; and wherein said first gate el ectrode and said second gate

el ectrode are fornmed i ndependenSUMMARY®ORTeH INVENDICO¢Par at ed from each
other. The gate dielectric is typically nmade of Si02 but it can be made of
~other dielectric materials. Also, the gate dielectric aszo](czl atfﬂ V\nbtthtthe
to ate is 1 3 ; i tric .associate or e bottom
ga’ltoe%J Thus, ?lﬁ;%@ﬁgég‘?g%(}?lg elucoin i%‘gaénsgdyg%glso cé!n%pgl?lght t hi cknesses and _
materi al s. i~ BRI BFCIDESGREETHON OF THE DRAWNGS 18 MAR 200g Figure 1 is a

schemati c . di agram dgpicting.a rtion of the depositions and bonding that
are used to fabri cadﬁ% gathﬁ,t,qg@e}é&y@p@ql,reg@l,. s a schematic diagram

depi cting a porti anseebnd Bite HEBASald MAAnARELiHPNdi ng that axe used to _
fabricate a filmstack; Figure 3 is a schematic diagram depicting a portion

of the deposi ti onswgreinisaiddirstpathand saidseqemtigatoarteabacirically sepdratednfistraeish other,
Figure 4 is a schematic diagramdepicting a portion of the depositions and
bonding that_are used to fabricate a filmstack; Figure 5 is a schematic

di agr am depi theiingerdiop dntthesiprofidestasedi@ndiitooetsp hndnpandiiont kahsiabe siged

transistor comprising;
a channel region;

a first gate on top of said channel region; and

A,
-

a second gate below said channel region;

wherein said first gate comprises a different material than said second gate; and said

first gate and second gate are electrically separated from each other.

The invention further provides a method of forming a transistor comprising:
forming a laminate structure including a first gate over a channel region;
removing portions of said laminate below said channel region, and,
forming a second gate below said channel region;

wherein, said first gate and said second gate are electrically separated from each other.

The invention yet further provides a method of manufacturing a double-gate transistor
v comprising:

forming a laminated structure having a channel layer and first insulating layers on

each side of said channel layer;

forming openings in said laminated structure;

forming drain and source regions in said openings;

removing portions of said laminated structure to leave a first portion of said channel
 layer exposed,;

forming a first gate dielectric on said channel layer;

forming a first gate electrode on said first gate dielectric layer;

removing portions of said laminated structure to leave a second portion of said

channel layer exposed;



to fabricate a filmstack; Figure 6 is a schematic di agram depicting a
portion of the depositions and bonding that are used to fabricﬁg?éﬁéﬁébﬁh
stack;. Figure 7 is a schematic diagramdepicting a cross secti ﬁe
"L-L in Figure 8.; Figure 8 is a schematic ghggran1depicting a top view of

t he DG MOSFET fabricated according to this invention; Figure 9 is a
schemati ¢ di agram depicting a cross section of Figure 10 along line L-L;

Figure 10 is a sch@pmairgt scat gate dRRicGid lﬁﬂertdh%afd%aﬁﬁﬁ%ﬁﬁ¢ohﬂfs?ﬁg%fseE@t%g

DG MOSFET fahricated according to this invention and theé extensron o

SO channel §eRieodeiea saidheeendgage dietecticrlaygroand by epitaxy: Figure 11 is a
schematic di agramgﬁlﬁ)‘g I i.de- . er; Figure 12 is a schematic
di agram depi cting e %%a;l(fllgrr?g{%}ds%oﬂ%e\ggé}!ﬁ%%ggﬁd drain trenches with the
sour ce/ drai n nat erwhdreimrsdid first gatbelectumiztand|saidaetchat datelbotrdd¥Rie formed 18 MAR
200g Figure .13 iS.a Fct}er’rgt#é diﬁ ram depicting the source and drain
recesses; Filgterendoptiyorand electrcally sepasied frrmessrl othsty t he source and drain
recess regions filled with a dielectric material; Figure 15 is a schematic

di agr am depi cti%%qt.he etching of the top nitride film Figure 16 is a
schemati c di Hisrgate dielsctrici in §ypicadly-madelof SePnbutiibeen beimadesof biher iclectithmartials.

di agr am depi £f.} . .l romth.of th 0 ate .. .

di électric: ‘i@?gﬁggh% d?%é%ﬁégﬁgﬁa elhg)&lgll tglgrt(%) agéelﬁilg‘iqpﬁﬁgﬁgpg’gr&?@t%?l@tyt er
t he deposi t iassocidted for tholpotpat gatemThus, #e guneldielestrich angHeZA i BdteMhicMBsses and
Figure 19 is a Séhemati c diagramdepicting the structure with the nitride
hard mask t HA#7'&Sysed to define the device nesa; Figure 20 is a schematic
di agram depi cting a cross section of Figure 19 along line.L-L; Figure 21 is
a schematic diagramdepicting the structure along line L-L after the nesa
eteh; Figure 22 is a schenaBﬁ&EEi%ﬁ@mﬂﬁmNtQEQ‘HElDMWINﬂSe al ong line
WWafter the nmesa etch; Figure 23 is a schematic di agram depicting the
side-wall along line L-L; Figure 24 is a schematic diagram depicting the
side-wall along ine WW

—



F| gure 25 is a schematic diagram depicting the structure al ong I|ne L-L
after ‘the mesa etch was continued into the box; 6 18 MAR 2004 FS(Mm?gU[,_
is a schematic diagram depicting the structure along line L-L after
mesa etch was continued into the box; Figures 27 is a schematic diagram
depicting the structure along line L-L and the isolation of the exposed
source and drain side-walls by oxidation; Figure 28 is a schematic di agram
depicting the structure along line WWand the isolation of the exposed
source arfigwe diina sihemati@dibgram)depisti &Hion tic di agram
depicting the structure al %rng Ilplnex%ﬁd?_ aft?rt%egoﬁ%nltsg?n@gl gﬁtflfel‘f'f‘?
r enoved hym,ﬁbat@gﬁmﬁgok Figure 30 is a schematic di agram dep| cting the
structure along |ine WWafter the bottomnitride filmwas renoved by wet
et chi ng; tlc di agr _ ng the structure al ong
line L-L iy ‘?g??%%gc‘lg‘?’%‘% %f'f'm ﬁ%“ﬂi&ratlg’ﬁ? E’Peoqcea?%t&w PRd banding deap exsiusecon of
|; and, its pl anarlzatlon by CWP; Figure 32 is a

t he bott at eri

schematlgntai% &q?%*ma]&b %t i ng the structure al ong line WWafter the growh
of the bqttomgate dielectric; the deposition of the bottomgate material;
and, its b&‘%%\ﬂ% %%ﬂl%ﬁwtfbawdewgrera@ommoftlm depdsetivas kel Isbndigs @ gepk&t | Ng
the structure along line L-L, after renpval of the dielectric fromthe
recessedt‘?@@ﬂ@#%ﬁlm%@kgource drain and the formati on of a side-wall;
Figure 34 is a schematic diagram depicting the structure along line WW

after redigned 4 6fa tchemaliceliagtni ﬁépldtihgmﬁohﬁnr&ﬂ@%@ﬁﬁlt%ﬁghﬂrboga n%th‘?it ULGe
drain and the formation of a side-wall; Figure 35 is a sch tic |agram

depi ct i ng fabdicrt filinack- L, the self aligned source/drain inplant; Figure 36
is a schematic diagramdepicting, along line L-L, the self aligned silicide

formati oFigutd YUrLscBemdtis dhpRil) ﬂ}?&ﬁ}g a(yoﬂl%fl o) B 1onsgéndet)| cﬂgg lhlatnz?re hselc_i’ the

self aligned silicide formati
to fabricate a film stack;

Figure 6 is a schematic diagram depicting a portion of the depositions and bonding that are used
to fabricate a film stack;
Figure 7 is a schematic diagram depicting a cross section along line L-L in Figure 8.

Figure 8 is a schematic diagram depicting a top view of the DG-MOSFET fabricated according to

this invention;

Figure 9 is a schematic diagram depicting a cross Isection of Figure 10 along line L-L,

Figure 10 is a schematic diagram depicting the top view and the of the DG-MOSFET fabricated
according to this invention and the extension of the SOI channel into the source and drain regiohs
by epitaxy;

Figure 11 is a schematic diagram depicting the side-wall spacer;

Figure 12 is a schematic diagram depicting the filling of the source and drain trenches with the

source/drain material and its subsequent planarization by CMP;



18 MAR 2004 Figure 38 is a schematic di agram depicting, along gfae&bgé,
that the recessed source and drain regions are re-filled with i tZBUﬁ
material; Figures 39 is a schematic di agram depicting the top view and view
along line L-L, of the nitride hard mask that is used for the etching of
tlhhe excess bottomgate material; Figure 40 is a schematic di agram depicting
the top viewalong line WWof the nitride hard mask that is used for the
etching of the excess bottomgate nmaterial; Figure 41 is a schematic

di agr am deFiguké 180is alsclegnatic diegramldepibingahesumaahddramnecegdegnar i zati on of the
device by a dielectric deposition and CVMP; Figure 42 is a schematic diagram
depi cting #grg14 is ARcHEMNGE Biggmasipivdd teisoand afd aamireda regbnsdillel h@ndevi ce by
a dielectric deposition and ; Figure 43 is a schematic diagram depi ct.i ng
along line sivation and planarization of the device by a
dielectricd g%ggﬁﬁf%ﬁﬁand CVMP;, Figure 44 is a schematic di agram depicting

along i ne WWthe passivation j1Zat | th evice by a
dielectric Fb%'ﬁ%.fsglq S r‘%ﬁ"%ﬂﬁ?maggﬁ@ﬁﬁ%&%@g@%%ﬁ% o agram depi cti ng

t he contact_ hol e (vi openi ng used,to,con t the device source, drain and
t'he top and'@%t %W@Qﬁé@&#@fgw eRIgUnEst '%eéﬁfg%t‘i‘”&; di agr am depi cting the
contact hole (via) opening and used to contact the device source, drain and
the top andigyr toifegehemstic gingramdepintingthestaciyesafier the giondr ofthetep gate diplgotiisie
contact hole (via) opening and the metalization used to contact the device
. source, dr diguratiisalschemapic dingramalepiotingghe gnictur afigr the dgpopiormofdlsieprate ¢

- diagram depicting along line WWthe partially conpleted structure

- accor di ng tnmtdriabaridritsepitnadzatiombdCBP; 18 MAR 200g Figure 49 is a schematic

. top view of the inventive structure, DETAI LED DESCRI PTI ON OF PREFERRED

i EMBODI VENT $igire THE alsbhéidiic bprifalepiotingais sighcteswitti the sitradedatd mak it 8dised to
doubl e-gate netal oxide sem conductor (DG MOSFE |7, with electrically

- separat ed tgRpnARddkhem; gates and net hod for making the sane. Moreover,
the top and bottom gates conprise different materials. As depicted in

. figures 1- 6 & i a&% hegi o ' ' ers. First,

t he i nvent ?6%&??9 frsrg\éa t aiﬁﬂd1g?r?%n2%%19%?go{(?gsgkﬁlﬁo?gﬁg@r§g%%lg?é lg%%mﬁt hi ck) onto
a single cr f Wi, GhyeLiSi - 1. he . Second,;
2 Tayer of HRpELL AR Bty sl Ncp R PRRRR ok K ARERE o 8y 0° 100
nmthick) is fo d onto.,.the siljcon dioxi I r. 1 hixrd.. a thick {e.qg.
nppr ox mat E1Gat00 ST g St Eh e MG i A ot o

or ne n e ni’tride

| ayer 2. Fourth,.the. crystal waf.er is banded tp a,handl.e fer 4. This

;bo%di ng is perfgﬁ’f‘é"??’ﬁgﬁ%e@?técn%%ﬁr%f“?fﬁl?qg’éﬁhevﬁé‘gé‘?a“b% il’ﬁ’@W?Léchni ques such

~.as boron etgch s , smart.Cyt, and ot her techniques. .. knewn to those
iskilled in Ftc“ﬁge é\ﬂga lﬁﬁmaggjé‘@gréfnl. B‘cté‘?gs%%g&' ?nllll g‘ﬁ%‘&?ﬁ’h‘ﬁ; t echni ques see

%Jean-Pierre Col i nge, Silicon-On-I1nsulator Technologé,p 2nd. Ed, Kl uwer
Acadeni ¢ Publ i sREUE 257188 ychempticgingsom depicting the; sirugfyrealopg fiaple-dyaftenisamesarelth SO
layer 5 is fornied to the required thickness for the MOSFET channel . For
Jexanpl e, i fwasieentywed mgothe baXchni que is used then a thin Si layer is
transferred fromthe donor wafer SA surface onto the handle wafer 4. The
~transferred Si layer is typically bonded onto an insulating fihn such as
Si02, and is therefore referred to as silicon-on-insulator (SO). The

t hi ckness of the transferred SO filmis determ ned by the depth of the
hydrogen i nplant which is 9



18 MAR 200 part of the smartCut technique. Once the SO filmis transferred
-ont-o-t'he. handl-e waf er..4.it .can.be.further-thinned by.oxidation_ and . .
stripping. The SO filmthickness is typically nonitored by el ﬂl&stfR Qﬂm_r
by x-ray diffraction techniques (see G M Cohen et. al, Applied Physics
Letters, 75(6), p. 787, August 1999, incorporated herein by reference).
Then, a thin silicon dioxide b |ayer (approximately 2 nm is formed onto
the SO layer 5. This is followed by the formation of a thick silicon

nitride TFigayes is(&cBemati U0, si. | i.con. di oxi de | ayer 6.
After the %i rst series %fﬁ & %&é&?l#lg@%%s@'&%&%%H'ﬁ@%"t’ilﬂ?"d}’f’sét"éﬁﬁé@stwo
regi ons J 4 ck of filnms. As depicted in Figures 7 and 8, etch

st ops (or%ogﬁ’lg?h@(?trlrlﬂag)‘r’ control features) are positioned sonme distance into
the burigd oxigde SB Q)..3,. The distance between these two regions wl|
becone t KPP &gt'h E%\'}’ t&?d“égﬁ%‘nfiﬁlﬂ?ﬂ"@é‘[‘ee“@“ﬁmlz@g@att b-L afifl il ishlsioh osthe €
illustrates the inventive structure and process along different cross-
sect i onal®PIsFLourcgand frgin side-walls by exidatisne, Fi gures 7, 9, 11-18, 20, 21, 23,
2S, 27, 29, 31, 33-38, 40, 41, 43, 45 and 47 are schematic diagrans cut

al ong | i Hégure 38 is gfschematie dipgreinalepiofing thestaicturtctlatpding FeWaddtLEsaE BHr deand 9.
The invention begins a series of steps to reshape the etched regions.

First, asxphepl otmd andidringideesalld bpogddaddn; an epitaxial silicon (epi)
extension 9 is grown selectively out of the single crystal SO 5 channel.
The epi &guer®d ion scheputiedighsam Hesict &gl 18 ' rawn around
the entire perineter of tﬁ% et cﬁed@?gg%%gfga‘lrﬁ lgggéaﬁﬂgﬁga%’glmg ension 9

is prefeﬁﬁbwsmgd'm&mchﬂ;ge extension may al so be realized by growth of
ot her alloys such as 'Site, SFGeC or other suitable materials well known to

those skirlghftsoifa thEmatd 4; 8. MAR 200 xt, the invention forns

si de- wal | gg“pacelrg 1Omgtlr;{'lC%“Féggidﬁé&ﬁwﬁess%?tgﬁeﬁgméE‘E‘ﬁg/dwrf’éﬁi e Botm riidshown i n
Figure 1g, ¥Rk S rn-.i ed by depositing a dielectric (not included in
the figur e%) %%%ﬂggicﬂgvtéenfﬁd?@g’structur e. The thickness of this dielectric

det er nun resul t ant acer. 10 thj ckness. The dielectric can also be a
conposi t g@t‘ Peehgl. B4 u%é‘a'aﬂﬁlé r‘i‘?ng&’é’b gemisting dheystrugtiraielongnlinerti-L raifterethb ayosvtls bf (he
provi de g&gh s%\l(gclti vity. In _a preferred enbodi nent, reactive ion etching
i s enpl oy &Y GRS dis drpesition ohthe battoppgateynstorial; and} itsqbinariatichbngMP:;
"(reacti ye iqn.etclung or wet chem cal etching) is perforned to renove
r esi dues!'§Preriids & selicaatioidiapran depictig henstrinture xloos bk Wi-Wi dFeNthe Xt RAS bofe Of the
bottom gate dielectric; the deposition of the bottom gate material; and, its planarization by CMP;
Figure 33 is a schematic diagram depicting the structure along line L-L, after removal of the

dielectric from the recessed region of the source drain and the formation of a side-wall;

Figure 34 is a schematic diagram depicting the structure along line W-W, after removal of the

dielectric from the recessed region of the source drain and the formation of a side-wall:

Figure 35 is a schematic diagram depicting, along line L-L, the self-aligned source/drain implant;

Figure 36 is a schematic diagram depicting, along line L-L, the self-aligned silicide formation:

Figure 37 is a schematic diagram depicting, along line L-L, the self-aligned silicide formation:



SO channel. Then, as shown in Figure 12, the invention forns gqurce/drain
regionds 11. This is done by first depositing anorphous sili Comf%r MCAR %004
poly-silicon 11 into the etched regions 8. As depicted in Figure 12, the
anorphous silicon is deposited until the |evel of anorphous silicon is

hi gher than the top surface of nitride 7. Second, chem cal - nechai ucal
polishing (CMP) is used to planarize the top surface. The CMP process

mai nly renoves anorphous-Si and is selective to nitride 7. Next, as

depi ct ed Figubi3gy ©schdnatic Afgtany &epicBig, QIR IROL I Sy Sarbid:e
silicon iii the source/dr gi%n E&P rgggi ong 111. Fi1ﬁﬁ€?§&%@%§‘%§%‘%’%’idﬁa"ﬁi gure

14, a di eegiohd dr€ relficl SHER i fledq0.s deposited into the recessed regions
12, such that the dieel ect rﬁ%ﬁﬁrﬁ@ r%:a(l)’nforms to the recessed region 12. |

Subsequeng: dieglectric is,planarized by CNLP. Also, the invention

r eshapes “Iflh%re% %%gﬁosf ARt gfagf%d%’fc?‘ﬂé fhsrtep ¥E§X'§H6\Wﬁ“’i along;ligg L, v6 theTifride i s
done by, first, renoving the top nitride 7 by wet chem cal etching (e.g.
hot phosp}H‘B‘{THESkafE?td“)‘?se‘égégﬁ&?’h@gﬁéthﬁ/&me@ bpifora gete frgferield as depicted in
Figure 16, The walls are formed by depositing a dielectric conformally onto
the enti ridswe fQ istasekematiel diapram depichrgnibe topevieshi adredine M&-W of thomirids heawak | S.
The thickness of the dielectric determ nes the thickness of the side-walls
14. Thi r dhatiqyesed &p theztching o€ ihalexcesshbttom E8te MateRalP004 pad oxide 6 is renpved
by wet chem cal etch (e.g. hydrofluoric acid). Next, a top gate dielectric
15 i s gr dignroft & atshientadpdiagahatepicig 6 1§©L-LcdﬂaP£b§ilvat§m%ﬁd El*aﬁ’affﬁatii Jrigur e
17. The top gate material 16 (e.g. doped polysilicon or tungsten) 1s

conf or maldeyicelBpodicle@tlc dpofitsnantiicdmgat e el ectrode as shown in Figure 18.
Finally, chem cal -nechanical polishing is used to planarize the top

iy Tt & CaRaRRRAS A R P e B TR Warcrim

a
slurry that is selective to nit sequen °6I' aces a

mesa har g : : f.r uct as shown in Figures 19 and 20. The
ke e 0001 06,00 10

mesa hard 5 of & sition nitride filmuwhich is
pr ef er abl 1 100 nm t.hi ck and.is subsequently patterned. Figures 22,
24, 26, fﬁ‘%&gﬁf‘gﬁ,ﬁ%‘zﬁ‘ﬁ& éfﬁ%‘“&é*?l"%}?& ajong P%ﬂ'ir%%gﬁswﬂop awhplangrigaonal deg | i ne
WW shown.in Figure.19. More jfically, the invention isolates
it e e Sl EB K

i ndi vi dua i ces ard mask 17. The structure is patterned
as foll ows: e(%%ietélhinggvith reactive ion etching (RIE) past the SO film
and st oppiE on'® f RECRAEG agtey deritibgsiong lins WolWethe passisation 284 playizateposi ti ng a
dielectric such as |ow. .

he device by a dielectric deposition and CMP,

Figure 45 is a schematic diagram depicting the contact hole (via) opening used to contact the
device source, drain and the top and bottom gates;

Figure 46 is a schematic diagram depicting the contact hole (via) opening and used to contact the
device source, drain and the top and bottom gates;

Figure 47 is a schematic diagram depicting the contact hole (via) opening and the metalization
used to contact the device source, drain and the top and bottom gates;

Figure 48 is a schematic diagram depicting along line W-W the partially completed structure

according to the invention; and



tenperature oxide (LTO of preferably about 75 nmconformally on the entire
structure and etching the dielectric to forma sidewall 18 as QF@VMAR:'?QUI',
Figures 23 and 24; (3) conpleting the nmesa etch by etching sone dista

- into tthe BOX 3 as shown in Figures 25 and 26. The sidewall of the bottom
iutride 2 is also exposed during this process. As depicted in Figures 27
and 28, the invention grows a thernmal oxide 19 to isolate the exposed
source and drain side-wall. Then, as depicted in Figures 29 and 30, the

i nventiongenpyes the batfomnitride 2 and top nitride hard mask 17 by wet
cheni cal gt"éﬁ?igls(aé&ff.m,agﬁbpVWo%fﬁF?dFYeEt“&cgf‘H‘)“}reThe removal of the bottom

nitride 2 forns a tunnel 20 along the device in the width dinension and a
suspended bridge along the I ength di nension. Also, the bottom sacrificial
pad oxide 1 is renoved by wet chem'cal etch (e.g. hydrofluoric add). 12
18 MAR 2004 Next, as shoRETAILEDQRESCRIPTIONIOBPREFERRIMENti on forms the
bottom gate el ectrode 22. This is done by first grow ng bottom gate
dielectric 21 on the bott oOERMBODBMENTS OIEHBANVHNIYRy 5. The bottomgate
material 22 (e.g. doped poly- silicon, tungsten, etc.) is conformally
deposited to formthe bottomgate el ectrode. Next CVWP is used to planarize
the top surface. The CMP process mainly renoves the bottomgate materi al

di | ecti . i ;L Fi 33, the i ti tch
Fhe Sour cer ar nine Eelldifie hdtibds Mol dbuie e Bte Setal "Geposi 1< o di el oot ri ¢
conformal [Ly: . i re, to formside-walls 23, as shown in
e gur e 34 e BaliBaGRb! DR JADIHE DI i b5 Y sohafai R Aot s pdenetiod

resul t ant er thickness. The dielectric is then etched to formthe final
si de-wal | f°§?"r& E‘ﬂgtﬁ]eesa?ﬁ: %%?Yert tﬁ‘étopﬁ\}‘g'l’ﬂtﬁ°ﬁﬁﬁateaﬁff%"9§élﬁe@éi watgiiads. r egi ons 11
gsing a seglf aligned ion-inplantation 24 to heavily dope the silicon 11 as
shown in E‘Fé‘ﬁ?‘@e‘g@.f{jﬁ S s e fryentmmbegipgbyfarmingebesies oflayerst Best) thainvention
i npl antation, the _t,opzi%m gate 16 is used as a self aligned inplant mask.
The si de- f&pf 2 Hpmgiligon el1](e.gf flnwt 2 nh ¢hidd) wntoe/sthighe onystatwh@n$ A fwitgen it he
channel region. The inplant is followed by a rapid thermal .annealing to
act i vat e fefrared épesrthe donoswedfér. Sesapr.adagt bf stlicte njnideaSich Sart e for aRplpjied to
formthe silicide 26 over the source/drain and gates 11, as shown In Figure
37. This #rpredogsly|lde e dhicsinfmanpnsitandidot dfkide @56 MethirdkiwR o those
skilled in the art. For exanple, in preparation for application of the
si i ci de, approngmaibly 260 s kiliach dieidd liyef TR)forded tohfoaY A E{%&r 2l Fodfpas! ted
conformally on the entire structure as shown in Figure 36 and the structure
i s heat ederysiltverfertidigndéd to @ hat@ild @afeleP OhistiREdindisHeBbiael Lk sstﬁiﬁig k1O i's
conformal |y deposited over the silicide to f%rﬁ?g an LT(I)%ap Lfl%ﬁg) own i n
Fi gure 38wafthbading tdchhitpeusesbhby b&MPeiteh singritigedls LZ&i e t
surface. The CWVP process nainly rem)veglhtshe di el ectalrefo%é}[r%augsr‘lv%{fh’f’f’ng‘ﬁd is
sel ect i vethbse skiiRd i thé st (8 ARt ABHAiRusdidi il $038,30d 22, 13 18
MaR 2004 Due to a fi ni tg&sel ectivity of ngﬁ%(ﬂ lglﬁ%%se%eg}?tgﬁnﬂe”@ olinge, of t he
gate siligilis&-GR-11%8M e i e sel ligned sjlicide
1660 top?ec'hﬁa?éé', gnd é&ﬂd&e?ﬁ%a%éel cl;u%gﬂl-ers'\&??,,

process may be repeated to fofma new gate iCl megROTHeR t om gat e

2 is fingdd; I LSt YN r.. LTO film 27.0f preferably about 100 nm
i s deposi ?Aé%ﬁgﬂfjef{tn% égﬁgth@fkéb%%? rgrl#gﬁm%lym 13t BT \li‘gﬁ?"ébﬁ’flﬂleg“’f@%‘?ﬁﬁ a hard
mask t hat [ b om rea 28 as shown in top. viewin Figure 39
and cros sehggéze;l'?goz ea'{?%rll% ?fltt%‘ensé“a%glt'_ﬁe g ffr"ée‘fltb‘?n SEHOH deyer ip transferred Gobdliet om
gate mateg | al iSs_etched down to the BOX 3, and a thick passivation
di el ectr i‘ci:"“?rs“’a Efpgo“sf‘{“té&“?g"gg f?\mfﬁfﬁ- e gnstormad Sideygr is 2ypicaNPbindechgas n used
to planari ze%e ii?p sgrfa_ce. The CMP process mainly renoves the dielectric
mat eri al P HRINE Sia gych @ PR, andl i Berefostrslemed teas siliconialeinhidetat (FEBKTRS. A
second passjvation dielectric is then deposited 30 as shown in Figures 43
and 44. Ngwkf,leswfr&h%f&nsfﬁ@wb@lsmnav detdrpines Uy the dephie oftheliydgerdidghladt #hdn & | . and
contact holes 32 are etched over the two gates 16, 22, by photo-Ilithography
patterning and etching as shown in Figures 45 and 46. Metalization 33 is
t hen deposited and subsequently patterned to formelectrical contacts to
the source, the drain, and the bottom and top gates el ectrodes as shown in
Figures 47 and 48. if the gate length is very short, two | evels of
nmetalization nay be applied to allow for nore rel axed design rules for the
contact of the top gate. Figure 49 shows a top view of the conpl eted
structure. Many benefits over the prior art are realized by the specific
i nprovenents of this invention. First, this invention deposits the top and
bottomgates in two separate steps and creates top and bottom gates that
are electrically separated, which results in several advantages. For
exanple, the bottomgate nmay be used to control the threshold voltage,

I



18 MAR 200g This structure also allows for increases in the circuit

densiﬁy, When gates are electrically separated the doubl e-gate gng A
conprises a four termnal device with two input gates. Thus, a si dﬁEF?2004
device can be used to inplenent binary |ogic operations such as a NOR
(nFET) or a NAND (pFET) cell. The inplenentation of these binary |ogic
functions would typically require two standard MOSFETs per cell. This
increase in the circuit density also applies to analog circuits. For

exanpl e aP#i séthe smartCetecimique montetle BT RRD YafGertcl 8B TG Li.age to
one gate and .the signal (data) voltage to the ot hrér geﬂagﬁg%ﬁ}égnt‘} be

i nvent i onfigtheninhédebyloRlaféttandQlr 9hESo : gctive gate dielectrics
i ndependently, the gtat es ané1 ga{pgfﬁgi el ectlfipglslﬁl{rgr%%ssnléltygfca PPty nat eri al s

and di f f eglgpdonte 'g,kggg:s oo Al i = R% nt { | eye] s .and dopi ng species
][ra% be itn(;so?_ﬁ)_é)rg% ed in?g_ﬁrgé?hérgtlgglél. t %ge, G‘%?ﬁﬁ'gl‘i"i“\c(}wlé%l)lrﬁ?s b@ters,_ .
abricate s .doubl e- gat e is nost useful for a mxe

o] B K L AR5 R T

application ere gatés BC9)o achi eve speed and can be
used separatel.y to achieve | ow power and_high density e.g. for static
random access %@’ﬁﬁr@i“(séwl?x’ﬁﬁ @B,yert(wquﬁwm) priowied @stoahesIOIUgyti5.€ t hat
is planar .rragi g it easier to connect the device. Devices with a very.thin
channel ofM3f ﬁ@“@d b ths formation ofie thiglysikieonmitids T lagker (g, pvoal 150ang e tehr eshol d
vol t age behavi or. Fabricating suspended silicon bridges with a thin |ayer
may reducBlifondiosidelayti6.yi el d. This invention supports the channel with a
thick layer 22. Thus, the invention allows devices with a very thin channel

to be fabhftesheditstaenbspblapirt & comiplbtedahd memtibPetORE Alded: { hol-d
vol tage behavior. The invention also utilizes a sel feéggﬁgﬁgﬁésﬁ%kgde

process wimshAk dystad ih Pguses 7208 g,r@@;sgpggﬁ%thmlgmﬂa%og&%%u%% ?rgV\hi. le %he

i nvention has been described in terns of preferre TS

ski |l ed isomelditaacd inithd burRE SEM @Rsbhat td.0R.can be. practiced with
modi fication within the spirit (??d )?cgﬁ’ggg?hﬁ’g%ﬁ%gﬁ%fgﬁ%‘f sl 18

MAR 2009 HebdMd\Vie }é\vggeﬁ;, (]igg opﬁlg%a@ggatgm(ﬁmﬁggéansi stor conprising: a channel

regi on;

This disclosure illustrates the inventive structure and process along different cross- sectional lines
for clarity. For example, Figures 7, 9, 11-18, 20, 21,23,25, 27, 29, 31, 33-38, 40, 41, 43, 45 and
47 are schematic diagrams cut along line L-L, of the top view of the structure shown in Figures 8
and 9.

The invention begins a series of steps to reshape the etched regions. First, as depicted in Figures 9
and 10, an epitaxial silicon (epi) extension 9 is grown selectively out of the single crystal SOI 5
channel. The epi extension 9 extends into the etched regions 8 and is grown around the entire

perimeter of the etched regions. The size of the epi extension 9 is preferably about 50 nm. The

extension may also be realized by growth of other alloys such as SiGe, SiGeC or other suitable

materials well known to those skilled in the art.

10



a first gate on top of said channel region; a second gate belo '

channel region; wherein said first gate and said second gate a‘!\le&EMAR 2004
electrically separated fromeach other. t ~ 2. The transistor of claiml1l,
wherein said first gate conprises a different doping concentration than
said second gate. 3. The transistor of claiml1l, wherein said first gate
conprises a different doping species than said second gate. 4. The
transistor of claiml, further conprising a first gate dielectric bel ow

sai d firstNgate ianstion HAAOSGe-F Shabire ! ®6d th SidahAN SR éi‘ché&&g{?ﬂs 9%% Shownr 1N€

transistor of claim1l, wherein said first gate has a first cConductive

cont act ang pgakd Sagand : t.iye contact and said first
conduct i ve cﬁt act qgln(r] Bﬂﬁ]‘ﬁ%@@idr?§°%§%§[}g?“?°\?‘g° %ﬁ?c\efl%({e é{lrntée ﬁ%‘ﬁfsgﬂ’étf’ ?heG. The
transistor_of claim rein.said first gate conprises a different

mat eri al teﬁlgrr? sgné&é’e's i%%‘?ﬁ‘@f g of this dﬂe"b“’fe@g’%}ﬁﬁ ﬂ%Uﬁ ltgnt spacer {0 thigkness. gFheof

claim1l, qrei. n sa{' d first gate conprises a different thickness than said
second gat®eleco opp alse pe,n eomaposite (§18. subsaauent depppitiprpfpxidgiaad nifridetlayge) ©, sai d
second gate and said channel region forma planarized structure. 9. The
t ransi st orPreyidecqted sglegfivityi by acprefessed embodiment, grattéve donedtehirtgris employadit s side
different material than said second gate dielectric. 10. The transistor of
claim 4, wedrsphorrsldl d\l{d, isstromadtehingi @aetiveriorcetetingrivieeshemicdi étfleignd t hi ckness
than said second gate dielectric. 11. A sem conductor chip having at | east
one tr ansimtfamed s@iethote 1@sidies bbthe SRIRIdiedoRB: froth GO BPOR sIIRGL Qnsidn bithst gate
on top of said channel region; and a second gate bel ow said channel region;
wherei n sa&8af chansl, gate conprises a different material than said second
gate; and said first gate and second gate are electrically separated from
each ot herthed s s i EONAG & i f £ b : rei.n. said first gate
and said second lggﬁéﬁﬁ;@e dr?‘?2@3‘%&’“5‘2’6@@?@%@2%°§W§n5.I.Q‘S r.ledbp'hééwt
sem condu < hi | A Iy 12 id first. e arid said second
I amothols 8 b po it T S Bk Lol 1 Bl Bt e

gate have different dopant Speci’es. Yfp of

- claim 11, { [ rising a first. gate dielectric, below said first gate
and a secolr%gﬁl égl?‘%m %eq}g iliednis e%oﬁléveunbhtﬁ?i{e ﬂ&hi’fﬂorﬁlé"(“é siliqaq is ingherdhagithesapluct or

o e B Sk S bt el polsed TS 0Pl i i o o
surface. The CMP process mainly removes amorphous-Si and is selective to nitride 7. Next, as
depicted in Figure 13, reactive-ion-etching is used to recess 12 the silicon in the source/drain
regions 11. Finally, as shown in Figure 14, a dielectric 13 (such as oxide) is deposited into the
recessed regions 12, such that the dielectric fully conforms to the recessed region 12.

Subsequently, the dielectric is planarized by CMP.

Also, the invention reshapes the top portion of the structure as shown in Figure 15. This is done
by, first, removing the top nitride 7 by wet chemical etching (e.g. hot phosphoric acid). Second,
side-walls 14 are formed as depicted in Figure 16. The walls are forméd by depositing a dielectric
conformally onto the entire structure and then etching the dielectric to form side-walls. The

thickness of the dielectric determines the thickness of the side-walls 14. Third, the top sacrificial

11



' i im14, whergi id first
3 18 MAR 200 16. The sem conductor chip of claim 14,
g];at e dielectric conprises a different thickness than said seicé;gjfga g?[Mat .
dielectric. 17. The sem conductor chip of claim1l, wherein sald |rd c?ive
has 'a first conductive contact and said second gate has a second condu
contact and said first conductive contact and said second conductive -
contact are coplanar. 18. The sem conductor chip of claim 11, mhgr$hn sai
first gate and said second gate are electrically separated. 19. e |
seni conduB3dxidetfi ipregfoved bi wet themivti etk (eng. hpdroflorit g&id)??l’bﬁb zﬁt:ag gitf@ H%}egi"‘?n Q? d

ate have different thicknesses. 20. The sem conductor _ ,
\g/]mer ei n swigbwn ontd thg apaprfaaiofths ﬁ@g&ﬁ?ﬂ?tﬂs gmnzﬁ%:%gﬁf;?g?gelrw};c garqr% r(r?m?tgnlfi ﬁg m a
planarized structure. 21. A method of formng r orpr region
form ng ald @ @ pSlydikicoh U @njdé WoRBmabIl dbkiedd) Bl Ve aft TS o
rennvi%g po??%g%§ gfyéaid Iaﬁ%na?e bel ow a”% éﬁanngﬁ rébloﬁ, %ﬁ@, form ng

2 socoan, e ey L A b b

f;
second gate are electrica Idy separ aI ( ng \?\lnerei AL rstwgalfz@t hod of
i i r..according.to claim?21, ( s At |
];8:)310:] tg sag%{g chgotﬁ%séfr%&gﬁe Vb Ay edamateral vEpe ﬁ@luﬁwﬁé!%?l;@f@ tO'ﬁitw@l;lg?g hod
1 transistor according to claim?21, wherein sai irs

gf)n;(r)ir rsn es@‘é’g?ﬁ’iu?"f r BRIVERSIOP o aribea hardmaga 1 T orinths afrebtigesoshdwg it Bigurd919 18
MA R 200g Y- 24, The method of forming a transistor according to claim 21,
further caaEﬁPi Shewgesabprdymasly isiompeisedrof a depiition sipyisle fika uﬂﬁths’:‘préfefagB/%bo?gt §| :In%

i nd gate. 25. The nmethod of formng a transistor according t
;il df 3?? (I")Fé’p ﬂgvhﬁkia@d ngulfsoquenthopatterhed. Stiguat 22, 24, eb 38t 36,62 be)l @4/\/45%4,,@ aBiafeSt 4 o
gaie and a second gate dielectric above said second gate. 26. he nmethod o
form ng &resp-asrpeal viewaelong bierly-WoshoaimFigde 1wherein said first gate
dielectric

More specifically, the invention isolates individual devices using the mesa hard mask 17. The

structure is patterned as follows: (1) etching with reactive ion etching (RIE) past the SOI film and
stopping on the nitride as shown in Figures 21 and 22; (2) depositing a dielectric such as low
temperature oxide (LTO) of preferably about 75 nm conformally on the entire structure and
etching the dielectric to form a sidewall 18 as shown in Figures 23 and 24; (3) completing the
mesa etch by etching some distance into the BOX 3 as shown in F igures 25 and 26. The sidewall
of the bottom nitride 2 is also exposed during this process.

As depicted in Figures 27 and 28, the invention grows a thermal oxide 19 to isolate the exposed
source and drain side-wall. Then, as depicted in Figures 29 and 30, the invention removes the
bottom nitride 2 and top nitride hard mask 17 by wet chemical etching (e.g., hot phosphoric acid).
The removal of the bottom nitride 2 forms a tunnel 20 along the device in the width dimension and
a suspended bridge along the length dimension. Also, the bottom sacrificial pad oxide 1 is

removed by wet chemical etch (e.g. hydrofluoric add).

12



conprises a different material than said second gate dielectric. 27. The

nmet hod of fonni ng a transistor according to claim24, wherein ﬁ$ Mgfb
gate dielectric conprises a different thickness than said seco Ull'

"dietectric. 28. The. nethod of fornming a transistor according to claim 21,
further conprising formng a first gate oxide below said first gate and a
second gate oxi de above said second gate. 29. The nethod of formng a
transi stor according to claim?2l, wherein said first gate has a first

- conduct i vidext,as slasmin i Pegusdi3f aSELOR ; S econd conductive contact and
said first conducti'veq;cont act and sai %t?oélzgmgllei@ﬁﬂﬁﬂie@@cmt2a.cThisaise

copl anar .dog®by il f forn transi stor according to claim 21,
wherein said fi rése%rgg%lgggt(tzo%l I8 (i'ggcq‘g"@iqnf ¢ fomrmutfeceiofithe tShaphsnéld. ggeond

gate. 31.p hod formng a transistor according to claim21l, wherein
said fir sto-[ég}glgge@%:ng% lﬁféég'gﬁﬂ?‘gﬂ%’émom Hingierests.) istmnforadll degRtndo @ale 32-

The net hogl of forgi Eg a transistor according to claim 21, wherein said
first gate, sard*€& egh’?’é,%MBl%@sb@ltoqﬂfmarialthétegkiﬂ{hoé.oﬂ[@@}vfpg?o@%rsi zed
-structure. .33. A nethod of manufacturing a doubl e-gate transistor

conpri si R pEmovesghahattom@ate magtial dndrisndeleptiv th & fat ed structure having a
channel layer and first insulating |ayers on each side of said channel

layer; f&%Hevwy ioFigvrads theimeation etches tAedoRbe At ot 00 Ng drai n and
source regions in said openings; renovi ngepgrr?%équge%é’%mg‘éﬂdﬂrJ%Fnat ed

st r uct ur &vemdioh depositsen dilediic afokhAR o theSal: nnel . | ayer exposed; formng a
-first gate dielectric on said chalr%r?el ﬁ%gg}%rswc?‘lorFﬁ%qqﬂngég?'}”?g%z@eﬁ@owhect rode

~on sai d iiRigire 88t Gndialif Ghd thickdedY Sinic §EMDVI ortions of said |am nated
structure to | eave a ?econd pore?%/cgrtlh’% lelse%FfiQeg?fgﬁﬁéFhelf%y@ﬂta:apcrsed; form ng

a Secondmgﬂﬁ@s.df&lﬁéc&icck{h@ﬁ/&gheg?ofo%il e%?u?lnna jayer; formng a second gate

side-wall structure 23.

Next the invention, dopes source/drain regions 11 using a self-aligned ion-implantation 24 to
heavily dope the silicon 11 as shown in Figure 35. To mask the SOI channe] region from the ion
unplantation, the top poly gate 16 is used as a self-aligned implant mask. The side-wall spacer 23

will-offset the source/drain implant from the channel region. The implant is followed by a rapid
thermal annealing to activate the dopant.

A self-aligned silicide process is then applied to form the silicide 26 over the source/drain and
gates 11, as shown in Figure 37. This is accomplished using any standard process well known to
those skilled in the art. For example, in preparation for application of the silicide, a metal 25 such
as cobalt (Co) or titanium (T1) is deposited conformally on the entire structure as shown in Figure
36 and the structure is heated. After the silicide is deposited, a dielectric such as LTO is
conformally deposited over the silicide to form an LTO cap 27, shown in F igure 38. This is
followed by CMP which is used to planarize the top surface. The CMP process mainly removes

the dielectric material 27 and is selective to the silicide 26 and/or the gate materials 16 and 22

13



el ectrode on said second gate dielectric |ayer; and doping sa d dxain and
source regions; and wherein said first gate el ectrode and saiijﬂsM;dpRcQ@m;e
electrode are forned i ndependently of and electrically separated from each
‘other. 34. The nmethod in claim 33, wherein said doping of said drain and
source regions conprises a self aligned ion plantation. 35. The nethod in
claim 33, wherein said nethod further conprises formng said first gate
electrode to have a thickness and greater than that of said second gate

‘el ect r odeDuge a fittite seledtiviaglof the ChVP fioca3s solB S 8i JFasal o et had furt her
conprises forming said first f galjt?aé tosohaglfaaqg&vt\lnwcﬁagfSg%’é‘gt%rmatyﬁ’ﬁﬁemqva@ of

sai d secohrth3@h®; the delf-al{pRed &l d: in.clai,m 33, erein said nethod further
conprises formng sai d {‘éi rst Jé%ﬂ)er&glsser{’%cl{et’?pfat?&gﬁ%a BevBale filigdeat er t han

t hat of sgi t6 .di.el.eciri.c, 38.. The nethod in claim33, further
conpri si ngb)g’olrﬁfnﬁﬁgg]s%?e fllgbnghz tl*lérs?’%‘m’da" 9 LT6X filmed7ef preferabiyatpaCion Gngat e
froma se&eﬁggg ‘r]rgtqer' al. 39. The method in claim33, further conprising
formng sa fedd Subﬁetqge ¥ eptesiediby photelithegrdphy &t fonmb hard atas it &g Gecond
gate dielectric froma second materi al . 18 MAR 2004 22 40. The net hod
in clai m 33 VAGERS S8l widmtopiviey ipdiguirodandicrasabedtibPalbiANE £t T ELUre

| eaves a second portion of said channel |ayer exposed, fornms a tunirel® in
sai d | ani ffat¥condritie aisess bpttons gitdmbrerisiah id acHea usmEhiRAL BORT Al Jppgr | aver and
a | owner Iaye_‘trﬁ_angip;ai d lower layer. 41. The nmethod in clal m%@,c wher ei n
.sai d firJusyetien diclettac tsrdepositandyr dssBSwpindid L&' tefdpal . than said second
~gate diel <lactri c. 42. The nethod of form F\%lfrﬁttﬁrgg%g?s?%@%%&‘lﬂe Ej’ to claim
33, wher gilanaszeithe fop swfacgatie cle hfai iof ferent thickness than said
second gate dielectric. .A AY b%%,bs\g /*iﬁﬁ“.ﬁﬁé’?’%egi{ﬁrﬁ%&ﬁmtﬂ%?%and is

CAY. Al sABGVA RN o
; éA. A @] N ngo{%%ﬁﬁmf% %K{:%a}ia@a ?:Sg]zg’a S0 PRYpqndielagrici g defositaal] ca] ca
"] ca] ca] cabqa}m}lqg]:{‘gq,]egg% gipdcTa) cal ca] caV] cTa] cTa] ca] ca] c*a! & =+01 "r"i $0] |

}xsni d_Z]]ca] ca] ca] ca] ca] ca] ca]ca] ca] ca]ca] ca]ca]ca] ca]ca]ca]ca]ca]ca]calca

¥ 1 7 XsP k
O o DRI R ey o

caV] ca *a al cal cal cal ca] c(alU c(a]ca] cal %9 "l
) *s**+8 +§+, g%]t%%%f 9 %%%ﬁ%ﬁi%&ﬁ&@?ﬂyﬁ}t@ﬂ% end gellinpdschdpwr]nmheal saleal cal ¢
a] ca] ca] gg]gﬁj a ig&%%] C ca) ca] ca] ca] ca] ca] ca] ca] ca] c*a] ca] cal 26667T7A8;
====Y>>>577" % Mﬁ&g}’m‘@@@}?%ﬁb@aﬂ ehb Cahrdadc g
cal] ca] calcal c al] ca] ca] ca] ca] ca] ca] ca] ca] c(_aﬂla] Ea] ca] cg]@%:go]%](]:tgftg]( gfﬂ%:;?](:;?](gb
GCHAHH! | WL@%EQW% bott]om and top gates electrodes as shown in F igures 47 and 48. Ifth
OOOPPP9 GIMIYTWA : \ F\ }xsni d_Z] ] c(a] ca] ca] ca] c, a] ca] ca] ca] c'al]fcg] cajcalc

peadIcS | \
al caj ca) B %ﬁh&] Ca) ket duip keatle ofl e lzdunondyta hppilod ad ARkoR] fakealLky] 11" acce)

e, PLiui | 1jjg] -
kkkkkkk| 1 tmrpKPethypatetioape e dligad of akeaheal wal sk alS T pLea)
Aoty e porian) o e ks gl ol ool ol o

(&) §) f ' r . >
. ?] ca}\;fﬁ&l&%&cgqﬁ&;ﬁica} cgica{_rga] cg’;]lgg ca]ﬁgllaf%%ﬁééﬂ@é 1&?}“&%{1- ri9ns }{ . { o| %
~~= e aBA &Ry d a] ca] ca] ca] ca] ca] ca] ca] ca

ciat] C;Ba] fga?gzllifa] ;gg;%;aga]@;a] i(;a] ?}ae]%ca] ca%@gé%?%:tgffsl%%ﬁ%] I,’S'p] ]?v\y% ] C]a] c
a] ca] ca ] S&h&edCwii > calc caJca]ca]ca]]calcalca
e
FL0% 1 & () - F109%& ()< v1095 11Tk ?(5*@5&‘5{&5 §6§1i‘825}5‘%5‘ t“}&ﬂlresholé voltage (Vt)
circuit for low power applications.

14



0% e ()- 18 MAR 2004
| Ss* &1DUSHSE ()-!1Ss*&10% / & ()-1(!110% & () - S&Z10% & ()-\!"#$0bCM 109B& () -
| 109B& () - #1098&' ()- 10/ 10/ 10/ @BMLO% & ()-2L! 10%& ()- & wXMVB7 10B 10B
10B6' 1098B& ()-!c +10%[][& ()-! +109%]& ()-! +109%& ()-!

M 10%@8&' () - #} ~?MB7 1010% u& ()- F&10% u& ()-yF 10% u& ()- yz

10% u& ()-! @O0%u& ()-'h",)109% ! & ()-L& dEMB7 10y9 10% u& ()-, 310% u& () - ny

10% ué&'
10- u$7 (1)0%2%%% ﬁlb@ﬁ(aisg ajl% féig‘m@l)eas\és in]tegeu/@éi‘é%t ﬁén;srjt_%‘ Od/yl}jg} %a@e:l!\re electrlcally
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' 10- u4g 100/@&*1@1Df w@& The implegwaiatiqnof thesebigaey fogicyuncogsgvquld ypisgbiaeavite- | 7nO
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10G 10%638 (twofstaBdat®MEISHETs patfcelDoLiss {nprep 8o tho vapgtitdensi pigo gpidies to analog
| circuits. For example a mixer may be implemented by applying the oscillator voltage to one gate

and the signal (data) voltage to the other gate.
" Since the invention grows the top and bottom gates and respective gate dielectrics independently,

the gates and gate dielectrics may be of different materials and different thicknesses. Also

different doping levels and doping species may be incorporated into each gate. Thus, asymmetric

gates may be fabricated. The asymmetric double-gate MOSFET is most useful for a mixed

application where the gates are tied together to achieve speed and can be used separately to

achieve low power and high density e.g. for static random access memory (SRAM).

Also, the invention provides a structure that is planar, making it easier to connect the device.

Devices with a very thin channel of about 3 to 5 nm thick may be required to obtain a good

threshold voltage behavior. Fabricating suspended silicon bridges with a thin layer may reduce

the overall yield. This invention supports the channel with a thick layer 22. Thus, the invention

allows devices with a very thin channel to be fabricated and permits such devices to obtain a good

threshold voltage behavior. The invention also utilizes a self-aligned silicide process which

lowers the series resistance.
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What is claimed is:

1. A transistor comprising;
a channel region;
a first gate on top of said channel region,

a second gate below said channel region;

Y

wherein said first gate and said second gate are electrically separated from each other,

o~
JR—

2. The transxstor of claim 1, whercm said first gate comprises a different doping

concentratlon than said second gate.

3.

said second gate.

4.

a second gate diélectric above said second gate.

The transistor of claim 1, wherein said first gate compnses a different doping species than

The transistor of claim 1, further comprising a first gate dielectric below said first gate and

5. The transistor of claim 1, wherein said first gate has a first conductive contact and said

second gate has a second conductive contact and said first conductive contact and said second

} . conductlve contact are coplanar.

6. The transistor of claim 1, wherein said first gate comprises a different material than sajd

second gate.
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8. The transistor of claim 1, wherein said first gate, said second gate and said channel region

form a planarized structure.

9. The transistor of claim 4, wherein said first gate dielectric comprises a different material

than said second gate dielectric.

10.  The transistor of claim 4, wherein said first gate dielectric comprises a different thickness

than said second gate dielectric.

11. A semiconductor chip having at least one transistor, said transistor comprising:
a channel region; ' ;
a first gate on top of said channel region; and |
a second gate below said channel region;
wherein said first gate comprises a different material than said second gate; and said

first gate and second gate are electrically separated from each other.

12. The semiconducter chip of claim 11, wherein said ﬁrst gate and said second gate have

different dopant concentrations. -

13. The semiconductor chip of claim 11, wherein said first gate and said second gate have

different dopant species.

o

14. The semiconductor chip of claim 11, further comprising a first gate dielectric below said

first gate and a second gate dielectric above said second gate.

15. The semiconductor chip of ¢laim 14, wherein said first gate dielectric comprises a

different material than said second gate dielectric.
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10\ ! "10% (1)7._ %'Hxé%exggconduct%r chip of claim 11, wherein said first gate has a first conductive contact

and said second gate has a second conductive contact and said first conductive contact and said

second conductive contact are coplanar.

18.  The semiconductor chip of claim 11, wherein said first gate and said second gate are

electrically separated.

19.  "The semiconductor chip of claim 11, wherein said first gate and said second gate have
different thicknesses.

20.  The semiconductor chip of claim 11, wherein said first gate, said second gate and said

channel region form a planarized structure,

21. A method of forming a transistor comprising;
forming a laminate structure including a first gate over a channel region;
removing portions of said laminate below said channel region; and,

forming a second gate below said channel region,

wherein said first gate and said second gate are electrically separated from each other.

22, The method of forming a transistor according to claim 21, wherein said first gate supports

said channel region during said removing process.

23. The method of forming a transistor according to claim 21, wherein said first gate

comprises a different doping concentration than said second gate.
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25. The method of forming a transistor according to claim 21, further comprising forming a

first gate dielectric below said first gate and a second gate dielectric above said second gate.

26. The method of forming a transistor according to claim 24, wherein said first gate dielectric

comprises a different material than said second gate dielectric.

27. The method of forming a transistor according to claim 24, wherein said first gate

dielectric comprises a different thickness than said second gate dielectric.

28. The method of forming a transistor according to claim 21, further comprising forming a

first gate oxide below said first gate and a second gate oxide above said second gate.
29. The method of forming a transistor according to claim 21, wherein said first gate has a
- first conductive contact and said second gate has a second conductive contact and said first

conductive contact and said second conductive contact are coplanar.

30.  The method of forming a transistor according to claim 21, wherein said first gate

comprises a different material than said second gate.

3L The method of forming a transistor according to claim 21, wherein said first gate

comprises a different thickness than said second gate.

32. The method of forming a transistor according to claim 21, wherein said first gate, said

second gate and said channel region form a planarized structure.
33. A method of manufacturing a dbuble-gate transistor comprising;
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layer exposed;

forming a first gate dielectric on said channel layer;

forming a first gate electrode on said first gate dielectric layer;

removing portions of said laminated structure to leave a second portion of said
channel layer exposed;

forming a second gate dielectric layer on said channel layer; forming a second gate
electrode on said second gate dielectric layer; and

doping said drain and source regions; and

wherein said first gate electrode and said second gate electrode are formed

independently of and electrically separated from each other.

34. The method in claim 33, wherein said doping of said drain and source regions

comprises a self-aligned ion plantation.

35. The method in claim 33, wherein said method further comprises forming said first

gate electrode to have a thickness and greater than that of said second gate electrode.

36. The method in claim 33, wherein said method further comprises forming said first

gate to have a width greater than that of said second gate.

37. The method in claim 33, wherein said method further comprises forming said first

gate dielectric to have a width greater than that of said second gate dielectric.

38. The method in claim 33, further comprising forming said first gate from a first

material and second gate from a second material.

39. The method in claim 33, further comprising forming said first gate dielectric from a

first material and said second gate dielectric from a second material.
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wherein said tunnel is formed between an upper layer and a lower layer and said lower layer.

41. The method in claim 33, wherein said first gate dielectric comprises a different
material than said second gate dielectric.

42. The method of forming a transistor according to claim 33, wherein said first gate

dielectric has a different thickness than said second gate dielectric.



