1 ACCUMULATI ON MODE MULTI PLE GATE TRANSI STOR FI ELD OF THE | NVENTI ON [ 0001]
The present invention relates to a nultiple gate transistor having a fin
conprising a source and a drain, and a gate el ectrode that extends on nore
than one side of the fin to 5 conprise nore than one gate of the
transistor. More particularly, the present invention relates to a

mul tiple-gate transistor with source,1drain, and channel regions with the
sanme dopi ng type. BACKGROUND [0002] US patent 6,413,802 discloses a

mul tiple gate transistor having a fin conprising a source and a drain of
the transistor, and a gate el ectrode extending on two sides of the finto

10 comprise two %%@A&Q@%@BﬁiﬁfJE{rlPLE%‘ﬁTE%@Sﬁﬁﬁ di scl oses an

enbodi ment of a ransistor conprising a double gate
transistor. [0003] The multiple gate transistor has a channel region

between the source and the diaifor TRIFONSATRIONES @ barrier to | eakage
currents that tend to flow fromthe source to the drain. However, when the

transi $0001] i s mebte piesitimshyorsaiales &ra multiplegatigriaasigphayingiadin QEPEHEE ngl y 15
interact with the .channel a - reduged hasdd ginddh beakage
currenf§9m?%V§aﬁﬁ??€§53§mfﬁggﬁ%ﬁﬁgv%ﬁggﬁ%gfﬁﬁeakaae currents, one of the
undesi repedefipmt thah bad paar & thefasised Moregrticghdytheprasmbinvendipp £¢4ies 0] 0004]

Multiple gates on a.transi stor jnpro capaci I NG:: en the
gat es” O E AT PRgPBRE By SEOn e A ARl BB ol o
t he channel region potential for 20 control of threshold voltage and
floating voltage bias on the tr ﬁ(jjﬁéﬁf) d for suppresses short channel
effects. [0005] In prior transistors, as disclosed by US patent 6,344, 405,

the chgogel regi UB pae@EN BSOS dRcibies s mullipagdte tryrsisior hadng hbn omibsms o or t he
source and drain regions conprises, a i tferent do . ‘an

N- chan r?é‘r‘mm?mﬁ’gfhﬁltral}??t@;a%dﬂ 2% ec?rlog? %i“%@%“éc"t“%ﬁta‘ﬁéﬁy@?‘%ﬁ‘?{“he 25
chagpnel cohBekORol gates ONBE triiistsyREThugithd Eatér @iscloses ar emballigiediona meyipbretar e
doped N-type. For_a P- channel MOSFET, the channel region is doped N-type,
whi | e ttresisiouscrrrising adealinede i are  doped P-type. Application of a gate
bi as vqbg@qe t hatr, S diplRes el thgsibib RS ia Thinel @gidf becad it eouraamd @ drainyer si on

of the channel region, resulting in forpatjon of Ntype carriers or
el ect r ;amd cppprsepa W@r tp leakage currents that tend to flow from the sotirce to the drain.
However, when the transistor is made desirably smaller, the source and drain increasipgly
I5 interact with l_hé channel and result in a reduced barrier to leakage currents. This increases the
likelihood of leakage currents, lone of the undesired effects that are referred to as, short channel
effects. |
[0004] Multiple gates on a transistor improve capacitance coupling between the gates and
the channel région, increases the influence of gate-control of the channel region potential for
20 control 6f threshold voltage and floating voltage bias on the transistor, and for suppresses short
channe! effects. _
{0005] In prior transistors, as disclosed by US patent 6,344,405, the channel region
comprises a first dopant type, and the implant for the source and drain regions comprisesa
different dopant type. For an N-channel MOSFET, metal oxide silicon field effect transistor, the
25  channel region is doped P-type, while the source and drain regions are doped N-type. For a P-
channef MOSFET, the channel region is doped N-type, while the source and drain regions are
. doped P-type. Application of a gate bias voltage that switches the transistor to an on state, causes

inversion of the channel region, resulting in formation of N-type catriers or clectrons in a P-type



channel region, or resulting in formation of P-type carriers or electrons
in a Ntype channel region. Each of these types of transistors having both
P and N dopant types conprises an enhancenent node transistor. [0006] When
multiple gate transistors are scaled down to snmall dinensions, it becones 5
increasingly difficult to formtransistors conprised of regions with

di fferent dopant types directly adjatent to each other. For exanple, for a
gate length of 10 nrn., nanoneters, the channel regi on volunme conprises,
about 10 -18 cm 3, and neasures about 10 nm_in each of three orthogonal

di mensi @RnellrBgiot G raulsngin foinixios o Paypodaienedr eleegérsin a NHgpd dherisiuct i on of
a dopant atomis _equiv

alent to a, ,daping goncentrat] . 18 dopants
cm-3 aﬁ%‘%@?@OfWFéﬁ‘YPFﬁeoeféﬁaﬂﬂ@F hyy %‘é‘g‘i‘gﬁ“‘ggﬁﬁ?%“yé@&éz I-nlplr_lés(etSld opant type
and t he Linpl-ahdnt GRAPHASRRRra different dopant type, the large dopant
concentration by each atom of dopant in th(? -channel [

r.egi an .

si gni fi ¢eaRsly chaWgen mmkipkasieiRresiRtsEr feale Bﬁwwsﬁgdﬁaﬁﬁ%ﬁ?ﬁﬁégﬁﬁ”ﬁ and
resuét ii,?cr %‘ing@%'i 15 108bf Rhiskdds LMGrtsELOISESHRWithRBdraT ABREEtypEsalireetan! e,
one deleterio effect h

is the significant | owering of the threshol d
vol t age adjadert hecagks stbei. dloeekaniplh firegrigdesth af 1 8am. AR thechpnekiegioni s jn

the off state. 15 SU -F BHE | PR kn IRE oPhRS 8RhodoR¥ENT | ON
conpr i sé’é’}uénerﬁ?f"cppﬁseaéﬁg{ﬁ tfgngﬁsdtr@%é%%él ng a  sen conduc?ggr fin having

a sour Cealiméisiting. Iassthehanh edansiag dasebwgion| the ingrodushied of agdogpniglog Wopant

type, by which the transistor. avoi n _undess I 4B IRGhn
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The R esegibn bRk HfirsCOIPRRt tHRsand (ieinphad: einprinesafdiffdrent dogpnbtype, islpige or
according to the present inven,tbé)n. BRI EF, DESCRI.PTI ON - OF - THE %é\%mgs ‘

[ 0008] Floganticopegnizatign by sartyaiara of fapgntdr the chanpsl SER RLINEY FEVU AT AR EY Or, as an
el ement alopi3QBh&ARSIRLR the cRinneBleieh Bid fevia il deladriparetfeas inahciomsistond

sem conductor. 25 [0009] FIG 2 1is a crqs&l section taken @ho&g EI] line A-A
of Fig. perfoppgee] Faregpmplp, qng dgleigrigy cbiectds (e sERINERL GRS Qi8R LTS ?15. the |ine

- B-B 0f Fj G pelanddiasssli RG] 1951 R8ka3B cRemtiHbrthe Qs iNichamned. FET. [0011]
FIG 3B 1S %1 view of a cross section of an accunul ati on node P-channel FET

presknt on the sane substrate with the transistor disclosed by Fig. 3A. 3
SUMMARY OF THE INVENTION :

{0007]  The present invention comprises a multiple gate transisior comprising a

semicenductor fin having a source, drain and channel regions comprising solely a single dopant

type, by which the transistor avoids an undesired large doping concentration contributed by each
20  atom of dopant in the channel region. The present invention compl_'ises a method of

manufacturing a transistor according to the present invention.

BRIEF DESCRIPTION OF THE DRAWINGS
{0008} FIG. 1 is a perspective view of an embodiment of _a' transistor, as an elemental
semiconductor, or, alternatively, as part of a compound semiconductor.
25  [0009} - FIG. 2 is a cross section taken along the line A-A of Fig. 1.
[0010] FIG. 3A is a view of a cross section taken along the line B-B of Fig. 1, and
disclosing an accumulation mode N-channel FET.
' [00‘1 1 FIG. 3B is a view of a cross section of an accumulation mode P-channel FET

present on the same substraie with the transistor disclosed by Fig. 3A.



[0012] FIG 3Cis a view of a cross section of an enhancenent node
P-channel FET present on the sane substrate with the transistor disclosed
by Fig. 3A. [0013] FIG 4 is a perspective view of another enbodi mrent of a
transistor, as an elenental sem conductor, or, alternatively, as part of a
conpound semi conductor. 5 [0014] FIG 45 is a view of a cross section taken
along the line A-A of Fig. 4. [0015] FIG 6Ais a view of a cross section
taken along the line B-B of Fig. 4. [0016] FIG 6B is a view of a cross
section of an ac tion de P-chan T jane
substrgp(gl%th tﬁ@ka%%?"&” a 198816 ose a“e anca%%§ﬁF%eoqg?gn|@iaG 7is a

Cr 0SS SREEhUA thaduai saﬂ:sﬂmgvhhﬂhélrm|sﬁfﬂisdbseﬁ|bgflg43A10 [0018] FIiG 8 is a
“perspective view of another enbodi nent  of t.ran to el enent al
seni corl¥3or , oF1C-411F & PHSRSCUY YJov gganﬁg‘ﬂealf(’dlmen g PinsisfOF, o

ounélssem conduct or.
[0019] éfén%nta?sé;ﬁlc@ndﬂ@tbﬁ BE GltbrM&iveiyeny aft oaa(abﬂﬂ@crune@hmdmmm)r of a transistor,

as an el enental seniconductor, or, .alternativel t of a conpound
seniscon@bidlor . DE@I&JEDVBE’S@RICF“’FFW“i“staf%@;‘ﬁ)’]gtﬁ%e/r?%’z‘s@ﬁ{%tron of the
exenpl Z‘? ﬁﬁbod' BRDLE S vidl &Ndests s b kaRloddhe BRIMBECI TN 4w th the
acconp g draw ngs, which are to be considered part of the entire

Wi tter[Oﬂbfécrl pt iFlﬁn 68 in atvire efaseess prctionof angiceimpulaiongpgdg Ps‘i!i‘é‘l*PehEETl ower , |
v " "up," "down," top"

" upper, Ogr{esen on tﬁg QI} s'ubstra de VGl € ﬁLnsmqu‘ ‘?SQB & b(y Flé’ %IAOW

and "b erivative t g., "horizontally,"
" downwefiod1 3}, " "uﬂﬁrlﬂsyct’oa EﬁCDIOYBthbﬁlmlaébnlEéth}@WSQ £édiz b refer to the 20

or i pntaphan as hsn descrlbeds or. A% SO oL Bodifen dF VAR NASE di scussi on.

The ve t conveni ence of description a not require
that t hae:a&parsahusndaﬁtoe,mﬂ,sﬂtemﬁm os paroqfarcanmdundrsemmadlxctocul ar orientation.

Ter ms c r ni ng tachnents,. cou and such "connect ed"”
and "i onnect@é &Sra@?@?“f‘&e é‘e\gé’lfg?qﬂbeﬁgﬁ‘l %‘FWﬁléto P2 lsrt?f(‘: es are

secur edel%entﬁtsﬁﬁ%ﬁ’(ﬂjc{& RNteRANIE hs irl bRy codipbﬁﬁ:ltdeﬁm@ﬁdmnﬂl rectly through
intervening structures, as well as 25 both novable or ri-gid attachnents or

rel ati onshi ps, unless expressly described otherwi se. [0021] According to
the invention, each of Figs. OETAILE® DBSCRIPAIGE| oses a multiple gate.

t t 1 t J t
o0 el SR bShRsy PR ol b A R R AL g

subst r agghinkdion Ra tﬁan‘éBmF] yﬁfglcwﬂﬁgs( ahmwﬁ-rtb yse Bghstderd psitubshe abtire (4) and
electricall y isolatin e transistor L E\Qgr"s%bsgr;‘a,gonzglz}lal » As
di SCI 05@’&“5‘}1 ggeription. In the description, relative terms SUC PP )
“yertical,”, “above,” “below,” “up,” “down,” “top” and “bottom” as well as derivative thereof
(e.g., “horizontally,” “downwardly,” “upwardly,”etc.) should be construed to refer to the
20  orientation as then described-or as shown in the drawing under discussion. These relative terms |
| -are for convenience of description and do not require that the apparatus be constructed or
operated in a particular orientation. Terms concerning attachments, coupling and the like, such
as “connected” and “interconnected,” refer to a relationship wherein structures are secured or
attached to one another either directly or indirectly through intervening structures, as well as
25  both movable or rigid attachments or relationships, unless expressly described otherwise.
{0021] According to the invention, each of Figs. 1, 4, 8 an_d 9 discloses a multiple gate
transistor (1) comprising a semiconductor fin (2) and an insulation supported gate electrode (3)
constructed on an electrically insulating substrate (4) having an interlayer (5) overlying the

substrate {4) and electrically isolating the transistor (1) from the substrate (4). As disclosed by



Figs. 3A, 3B, 3C, 6A and 6B, the fin (2) conprises a transistor source (6),
a transistor drain (7) and an insulating channel region (8) between the
source (6) and the drain (7)_ The insulation supported gate el ectrode (3)
extends on nore than one side of the fin (2) to conprise nore than one
gate (9) of the transistor'(1l) againstyy the channel region (8). The channel
region (8) extends 5 between the source (6) and the drain (7) in a

| ongi tudinal direction. [0022] Fig. 1 discloses an enbodinent of the

i nventi p stor. (1 . t st and
second @nsﬁb‘gﬂobb égé‘g&%[g)theb “@; "F\‘H’Sgsgrtrﬂﬁggg%dﬁ%ﬁﬁ)é Ear}j&a{? dra"gtnﬂ opposed
si dewal laad ef inktietifg dhaknd) reginn (8)agaicen mceancee(:ﬁpmﬁhmgram(a)ea“h@ﬁlsmlatemc hannel

regi on . i nsul ating covers,a S of the ch nneI

T o Coprostia et e L B e ROE PR areise a5t 0 B RinptNeeb R (1 ¢ he
gate el gt ggggg)@)he thaHGtBE( ) adaliBt MaLIRNE eGhdnQE)R T6ShaaN@ kdgi @S BPeridiidn gat e

dielectric is between the gate electrode (3) and the channel
regi én (tﬁ)weemme@h‘”ﬁ? @P%@Céfalfs@hi“c%‘ﬁ%@flﬁ'ﬁ dsftiqner  bet ween each gate (9)

and the @nel rﬁ%' Pﬂlsélgges afbﬁlﬁmérﬁbp{he(rﬂv)anthﬁvh'ﬁgilllﬂé g3 uanfsegond gates
(9), isreterred t a doubl'e gate transistor % An FET ty e of
8¢

transi staomprikesyat rhgstdﬁubﬂlrd sgepmd draggtor pytep () by extandieg atﬁdﬁﬁtﬂﬁ‘r’ )§8t e FET.
15 [ 0023 gp?%? mdéwghs (ﬁ’lth% 3(2?99& gh%ns é@%%o%g siflds drig c'hmﬁ%r'ttegi%ﬁ g)Thg. gate

el ectro Ises a first and a second gate ( ), simlarly
as discl msmlmgmtabk (9@} evenadop 9dd?mfghc dhanndFreptond®), ant! epargtas sheedhawicl wgeien( 3)

conpyi se third tran tor ext.end n t he
7ty o ahinentd it B fite ABHERAR It BRrofr v shtite} BBk Uy R bac

Furt her, ditlb@ri@anpihel ie Gitveéltthe gat) elevarde i(:qsanamemhmgmgmd(se,l vadth provifdsd) t hat-

i s between the %Jate el ectrode (3) ?S e channel g regi on. gl) thin gate
di el ect rieRPIBYCIAIPEGIHPBY FASECILEAEY P ihp eaRRe AN S A Fsiger ﬁ@‘jm%md t he
channel #680inARecd8 gatés (OF, %f&k@ fo 4s1d dhAW da@: tFankisibs (13 @GATET §pelof thinkistogat es,
is referred to as, a trip (gate transi st or (1). An FET type of "transistor

(1) havub?glftgﬁobipléggta%@élsw}rr? topagfactorplg set§ FEL. 3 triple gate FET. [0024]

Fi g.18 djphgijoses apoihatiostiasthdRMbodimech\ thdWaMibR The Ehe eRakqicgd)ect r ode
(3) 25 conprises gate extensions (11) under the fin that i ncrease gate

control dsynrrisergt freriatrf o) tel a sgennd gpg)(O emilanss <¥l%ﬁ<{8%‘fv'(ﬂp6af TSR e the
channel Flﬁ’ﬂ]'ep helBle cicktBa&A 5&%&@5‘&111’9%35@0&@&?9) 1 R fchding 6n W RkdeldTe

silicon body 'helps to shi efd the channel fromelectric field lines fromthe
drai n andeifimi?oweiggmste-couephadingtoped fierchitinglyietipn (8). Runther, dicicatgicleeirefs t he

e c
regi on. ngmng a‘hethexgm&eleaﬁc (1D} lsepioetdes 4 bandierbeaeh thotiiat gate(9patdchgi t udi nal
channel region (8). A transistor (1) having first, second and third gates, is referred to as, a triple
gate transistor (1). An FET type of transistor (1) having tniple gates (9) is referred to as, a triple
gate FET. | | ,
[0024] Fig. 8 discloses another embodiment of the invention. The gate electrode (3)
25  comprises gate extensions (11) under the fin (2) that increase gate control by lengthening the
gate (9) to cover further portions of the channel region (8). The encroachment of the gate -
electrode under the silicon body helps to shield the channel from electric field lines from the
drain and impfoves gate-to-channel controliability, thus alleviating the drain-induced barrter

lowering effect and improving short-channel performance. The gate extensions (11) extend part

30  way into the channel region. The gate extensions (11) extend toward each other in a longitudinal



5 direction. When the gate extensions (11) are constructed on the triple
gate transistor (1) of the invention, the triple gates (9) have a cross
section with an Orega shaped appearance, and is referred to as, an onega
transistor (1). An FET transistor (1) having a triple gate (9) with the
gate extensions (11) is referred to gs, an onega-FET. 5 [0025] Fig. 9

di scl oses an alter-native. enbodi nent wherein, a silicon spacer (12)
conprises side walls of silicon against an outer side wall of each gate

(9). The, silicon s acer Vi des krier
coveri na“ﬁ%‘ﬁﬁsw’c“‘é” fgge ’gf'ns%ol’i'&&dg & c8’I‘Sec mﬂ) %\%pqétﬁé Eﬁlssﬁfgtgl? O?rg,t eri al
conp ri gRenifondingh@At pites (IPhAE adtoss teﬁﬁd.rumtmgm (Dmbgamhapddlappqa@dcq, endigi |.i con
oxide, 'silicon oxynitride, silicopn_nitride, n r a cgnq st“%l% f The
spacer ffererditaps, éPPW&aa‘t“i'\?@W(léo‘?ﬁ‘bFE@Ea“%“%é AR 207P %IF?? cer _
materi al,g,. ?stl gp@,%g&@t@ﬁo;meéamm Fig. 7 discloses an. enbodi nent of
t he channe conprising g a shall ow channia‘F %’ﬁéﬁﬁ 8a) and a

deepSché®igl regiide J Glosehan aliegafiyheyabodimeh WhErE s hEPFBP regi on
(8a) in t hgns! gE %vléﬁal[ #hcghgga%s't Qrpout&rggi%Z\]all'%? CM%@‘&QW@]’!MI@@@&C@J (IE] gs. 3A

and 6A, ‘A I men e”present invention ri ses, an N-cbannel
mode tr pesiides an cl(edx)-lcallmﬂatlom hpries@yering dupysitsidsoidopeat @thqoéfbﬁ) fig (2)

angp;lns :ﬁggcabragtanal&fngxpﬂsee.?) 1erl-|eit_:lnc gér?arl] 11(10%%1;!112@? S’tg r@'ﬂ:dl}t" sﬁﬁ@@slx,gé)gﬁ,g@n (6)

Urther, i'gs. 3B and 613, an
al t er natgxy@uRIFDEkioRBRtdQfor & b@nhnmema itered riﬂerspacam@t@mj ritgragfively cPmphigess el

node transjistor that conprises %g %ged silicon fin (2), in turn,
conplV; sistigk obdifferentipacer é?ﬁﬁ]élsmgléeﬂ {8)°"6&t ween a P+ doped source (6) and

a P+ d 9@215 20 dr gjpn7 Giktlosehah ERB&diGER IO (h]:):hmvllrﬁgoﬁ(ﬂ')lcmpr%)ng/a dhhllav si ngl e
ei ther an_ N-dopant type to as

ggpiag gurﬂ%P‘&lﬁi waoRERe 2pd aApshymel region &W) alaﬂ’ég et }‘%fh%geqag?wg annelr[ e 9? ype is

referrectgg)qn%lgrrgltlbhﬁ;,gqadm@thonaccunul ati on node tran5| stot (1). A P—doped
transistor of this type i's referred to as,a P-¢chagnnel accunul ation node

transi sti@271). | @@28“? ogydty eaelt efifigre dAepd B g ROMERt of JRG BB BTN
exenp) ar%nﬁ:?lﬁéém —ch%eg];ﬁgt?e l?a%s:‘étro?n? 'tl)gi &fmpﬁﬂsés dMI‘llﬂ NORW dagedd@ifoon ifiRgz). At an

of f state e’ vol tage gate he sane as the voltage of the
sour ce (@mpmthamNﬂ@edmhmeu regien (8 peip@yn ﬁawéomrérsp@w@.a%@ﬂ&h domsdt i s

depl et ed Of é@ng Ll & Claar B&d% S/rPrl ?ﬁ and 6% an aﬁ!erﬁgtwe%g}%odlﬂﬁgt 5fr¥ﬁa"c]§és@ﬁte

suppress 4R of eur ‘e source rain (7).
[0029] | mvaltnsu bomisrﬁses,hcﬂ chasbaimede aammmra@e cofiprisaha Pﬂmsihmdcsﬂncev &p (B ises
the gate gngz:ompnsmg, an P doped channe! region (8) between a P+ doped source (6) and a P+ doped
20 drain (7). A transistor (1) having a fin (2) with a single doping type, either an N-dopant type or a
P-dopant type, is referred to as an accumulation mode transistor (1). An N-doped transistor of
this type is referred to as an N-channel accumulation mode transistot (1). A P-doped transistor of
this type is referred to as a P-channel accumulation mode tramsistor (1).
[0028] With reference to Fig. 6A, the operation of an exemplary accumulation mode 7
25 transistor (1) will now be described. At an off state, the voltage of the gate (9) is the same as the
voltage of the source (6), while the channel region (8) has a depletion region that is depleted of
mobile charge carriers, i.e., electrons, and therefore suppresses conduction of current from the
source (6) to the drain (7).
{0029] In a sub threshold state, a voltage of sub threshold level biases the gate (9) with

30  respect to the voltage level of the source (6). The depletion region in the channel region (8)



30 respect to the voltage |level of the source (6). The depletion region in
the channel region (8) 6 shrinks, while el ectrons popul ate an undepl eted
channel region (8) near the source (6), causing the undepleted channel
region (8) to expand by shrinking the depletion region near the drain (7).
Wien a small voltage difference existg between the undepl eted channel
region (8) and the drain (7), a low level current will flow therebetween
Wi thout turning the transistor (1) on. 5 [0030] An on state of the

transistor (1) is attained when the gate (9) .is,biased by a, val e |evel,
rel ati vémrﬁwbg,wéilpabﬁétrmwepulw ap H'éieglaﬁaééa“(‘%)@’g‘?rh(ﬁg nE% @838%“:? ??é "F}%S?%s hol dv
vol tageyl ey Aﬁ;é%é a{QAe@&gio\Aqé)ttagﬁpahaey sﬂr&kﬁ@@l@ﬁﬁzﬁfeyort Rgioh hear tie dréie (7).

E ? } %ep et nne

transi stor on regions in the cha region ( } are,repl aced
by accuRiHcatisonll veltigodiTerdnae cxiste batwrantthe widapieleh elumpc! gt ?flé‘\}@? 4139 hobi | e
char ge arriers.accunulat i : Shehe ehksistor(hn. and the gate
(9). A gés‘? £° %‘%‘a‘h“%‘w }lgﬂé‘pﬁg{\}gﬁ&%’hﬁg&%&ﬁhuc ed frsomt'g( h)_g:)nsource (6) to

the ¢rafoo30y) vi ast hestaieofithaltransiser (Heigitnsed wheodwgptetids Piaped®2)2 YUt i ses

an- el emenial. Se conduct on TR Sbl Al o L LuALAG Yol voloSTck 8 iassi 1 con

or ger conduc erial, for exanple, silicon-
ger mani 4plaglithad isGRORE4C wainmbatdasisor (aberétah regias it aipnas! regien (Bhm

arseni de or indium phosphide. 15 [0032] Th t.e rial

o1 585 TR T AET O A G T RO 0 SO AT e £t oPREE

pol yer yebaield dagmilhtingiar (ROl aiElatial10) Bel taé bite()- gelesimdibign cura@38i! The

gate dielectric &(ﬂ#z) conpr.i ses a die] ﬁCII’I C mat?'rtl al with a permttivity.

lar gér it sraduged Gpin ¢ sewp Q) dxthe drant (i vie BF AP ERYFYO8 "HRY"Er i al , i ncl udi ng but

not [i hm {;@Hat 0, gt ﬁ@gzze%ﬁfn%ge% 482831 sahidpidabe: Mxieda, Atiadiag bafuet um oxi de
ni '

Hf 02, m oxynitri - ," zirconium 20 oxide,_ Zr02, or_zirconium :
oxyni t r ilomitednONilicamdr geonwiiwmtdngHey stiapeshctointpal PR BRIESEI%Yr ovi di ng an
equi val ent i sol at i ichSfitol BARNHO R ARSISAE, QMBuAlarsthibe 60RdigN de.

[ 0034] ESCR Ot ré%rgrﬁﬁﬁnglggaﬁate,toaccurr;ul’ atrieon rmge transistors (1) is
manuf actphogthidty performance of a correspondi ng process according to the

inventi ccordi to anot.h ' PERGESSiAGS it 0 the
[ nv.elgiti gﬁ?ﬂjrul ti pllrg'g%a %515%7051&%35“&%39{{@%%’ gft'%r?lg E“% 25 adr e nangl}%act ured
si mul t ang@uUslited toApsigergitaltind-siliamppdigerystalimd silveort-geofamupr ocess according to,

P channd0k8cuml 40F SHe SEAE-LTARET e BF = cr) el PREF pRRR AT hRE °\ e,
t hey ar emeng tiigcisampriseststigiak die(edlric mabaidihniingtot setdinhied ieyddiurent of a.
PT Oce.s S (?x(ic(l:eo {,ngg%h;[ngmgnq ce)xiidQ K%?)gjhg niun(;jl Qxi e(:: ﬁwkzﬁ%i;]%noxynitﬁde HEON, zirconium
20 oxide, ZrOs, or zirconium oxynitride ZrON, and combinations thereof. with a thickness
providing an equivalent isolation as does less than 100 Angstroms of silicon oxide.
[0034] Each of the multiple gate, accumulation mode transistors (1) is manufactured by
performance of a corresponding process according to the invention. According to another
embodiment of a process according to the invention, multiple accumutation mode transistors (1)
25  are manufactured simultaneously. According to another embodiment of a process according to
the invention, both an N-channe! accumulation mode transistor (1) and a P-channel accumulation
mode transistor (1) are manufactured together, when they are on the same substrate (4).
According to another erﬁbodiment of a process according to the invention, an accumulation

mode transistor (1) is manufactured in the presence of an enhancement mode transistor that is

30  present with the accumulation mode transistor (1) on the same substrate (4).



node transistor (1) is manufactured in the presence of an enhancenent node
transistor that is 30 present with the accunmul ati on node transistor (1) on
the sane substrate (4). 7 [0035] A process for manufacture of an

accurnul ati on node N-channel transistor (1) and/or an enhancenent node
P-channel transistor will now be descki bed. The starting material is a
sem conductor interlayer (5) for manufacture of fins (2) deposited on the
substrate (4) nade of silicon, by way of exanple only. 5 [0036] The

.sem conduct or |ayer for manufacture of the_ fjins 0 ses iklicon, an
al | oy s&MBebnductdprocessdor ranufasiurg HSh a@‘é’l"?'r‘é?ﬁ‘loﬁﬁio ‘6%’ %’ %%HS fer « 1)

sem condugt of, o fHEEMAR mo g"l?‘lclhhﬁ'lm RIRRRE da1 Aw b@&iﬂs&iﬂe@hﬂﬁ@ﬂhd@,mdf@iﬂl 139 a
thi ckneds P the range ofd O Angstronms to 5000 Angstromns

exanpl ea @ﬂhyconc[iﬁﬁ)ﬂ ﬂerrﬁher (Bhfbemhlasf@ﬁuré 8§ find@pddpedisd gn &GéP@é‘Pﬁel(é "M‘Pé

i nsul at or. % g’g silicon oxide or 10 silicon nitride, having a

t hi ckneSYcPh Fﬁvélylp GBS0 to 2000 Angstroms, by way of exanple only.

[ 0038] Aaeoser di ng Tie ﬁﬂuc@ﬁﬂmﬂlrmt for mmasefhitoe ofthethos (2)&9@3“5@% s8iCPT,@Bn i s
deposited on an .interl of sili has been
dep05| té‘ﬂ"’bﬁ’”}' é‘d‘éﬁ?)rsfl}’c %St}% et ulmchga cog'ii)(?ggdg othﬁ ew?]:‘?\{ (2) are

f or med fg‘zﬂhdﬁ‘m&htdleﬂglrﬂmm{@sﬂﬁcﬂﬂ;)hm&ngﬁgthlqkh&ts or ths fanpe ofrzomangsttqnmom 5608 de
resi st over the sem conductor |ayer, followed by patterning the nask with
openi ngAnesETas PrEay BhPRMBIFCYF: t he semi conductor for renoval by et ching,

and et CR%@] the expoReayh ¥)lcbMpase d‘iéﬂ&tr&ﬂml&ﬁmdﬂqbﬂdfxain@béﬁmlco@foxﬁlb lok con,
for exanple; which constructs nmultiple fins . The pask i ved to

revedl tsHisof pitade; Ryving DbiphesTin thargeaet 1Pdo 3 u“rﬁﬂs‘é?’%ﬁy H‘BHBPW‘E‘H nnel :
transi stg Qb (1), end portions of 20 each of the fins (2) are doped with N+
dopant tanough openings in a patterned nmask, for exanp

i npl ant a[omm andAl:tmfdtsem womhedinent, agmsiconsucier ayeish Sihgows é‘éﬁ?é‘éedtor?ra(‘}ugh
openi ngs,_| t he r : el ghabhon. To
manuf act'Or eayﬁr O?f‘{‘f?q}?tﬁg%ﬁ@q%%ﬁlglﬁ}r};e ffgﬂﬁmsetggp ?y Bdgﬁ{? p(r)(?itl ons of each
of the f{oo39}(2) amlmﬂpﬁuis(\marh f@medbpamosﬁmgn n@xlammélsmgmhor%wst or

i npl gnt at.i on

exa Sllb%?m 06ﬁln é%usltﬁ' ?rpelr rgsgoﬂzgnllj uc%ﬁ gly %llogrfed ﬁ%hé&%ﬁ{#% e Ragp\pﬂgogegfn s

anta ach ac , on node tran5| st or
(1) is n@RrRkp@E potionk dﬂth&heafbmmﬁbtddmammowl by ¢icbing, anr eehnigﬁ@r@ip@n@ of each

T. Iegl gﬁ) (%%?%ﬁvggggﬁgmn‘chgc@%or %%Qrt 0 sfihgogefmsgxrg%p?eo&% IYSPe tls Qlu{tll?)% ﬁn%la%nn6|

The mask is removed to reveal the fins (2).
[00407 To manufacture accumulatlon mode N-channel transistors (1), end portions of

20  each of the fins (2) are doped with N+ dopant through openings in a patterned mask, for examplc
by ion implantation, and the semiconductor layer of silicon is N doped through openings in
another patterned mask, for example, by ion implantation. To manufacture accumulation mode
P-channel transistors, end portions of each of the fins (2) are doped with P* dopant, for example,
by ion implantation, and the semiconductor layer of silicon is P doped for example, by ion

25  implantation. Thus, each accumulation mode transistor (1) is manufactured with an ion dopant of
+ons in end portions of each fin (2), and with an ion dopant of the same dopant type in the
channel region (8) of each fin (2).
[0041}] A thin layer of material, by which each gate dielectric (10) is formed, is formed to
cover the fins (2), for example, by, thermal oxidation, chemical vapor deposition, sputtering, or

30  any known process of coating.



[0041] A thin layer of material, by which each gate dielectric (10) is
formed, is forned to cover the fins (2), for exanple, by, thermal

oxi dation, chem cal vapor deposition, sputtering, or 30 any known process
of coating. 8 [0042] A layer of conducting material by which each gate

el ectrode (3) is forned, is formed tg cover the previously covered fins
(2), by a process, including but not imted to, chem cal vapor
deposition, to have a thickness in the range of 500 Angstrons to 4000

Angstrons. further, the material for ea e jyndo ed- or
i sgdopewoﬁl h relflaygef gondughing mgaa by 5’?‘8}}% ik E?e%{rse(?eic{g é? %)rfd ga(k:I h ggt e

el ect roﬁ)q? g;?] o JBY: t{g@.lyr@‘,lmqﬁ(;vg[@gtﬁhg(p)lml Aodess, irhE:timgahtmthmued topcal i zed
physi cs e materi al an enbodi ment of tfgﬁ%gr esent 5%2 tion. the

mat er i abhmnq@wamﬁepoamw@aa\m thisknesigrhshengs of PHPERAYE 19 SE " IBoo
Angstr Ogﬁthe% %04,?%5,&1 ﬁ%la(c nﬂg%f(eaa‘?&hb 39%8d Jﬁﬂ dray@pedWvitmadaieglfek or each

gate el I's patterne vmthoenlns to exgcha:e portions
of the lkiaymr atoins clowawtriahfyr preheptiegleckerde (R have H’?rk Yoe E’Pé‘ﬁ?lﬁ@t t ching,

i ncludin tchl 0G S h deRITRV@tibh ghdoor ti ons of
t he Iayéﬁerg'?ﬂc%%ﬁu%?lyﬁlﬁs?ra g,rng%ﬁﬁ ndnseg?) ?ﬁa]&%g‘t@ge © eate ellect rodes (3).

Et chi ng nisterhBtdmgitises iidoped pdigsilicot hethgtaht@k@ﬁmf@bolﬁﬂ@oq AUgSUpES. been

_substantl al ly rempved by bein e Gsk

mat er i all®%hpri ses ’%?Sléisd‘ﬁgléetdc‘% X %ﬁg%%fo[fmatﬂtgﬁﬂf EJ&E gtrgtgggté%e%)r ?ﬁée{rn ‘et chi ng.

The mask dtt%n{e@m%%gerh@gsrt@mbe ]Bdaﬁorgaﬂf ﬂ:eedyecmfraod@stm@matemﬂ fproemzr}alhésu dues
of - the ga ?e dielectric materi

esen on the sid 2) are
r endPed ething Bshipatingpdingq Blﬁ%{ﬂat Et?}ﬁ?;ﬁ prgéqp%d*f ?‘V@W (ﬂf’ ”éosvetﬂllléepC 912% e Oglﬁlel( ezzt ric

mat eri aly,,.e¥Pashidink hﬁten§pwf@an (Rdcraa dgadefﬁd&oﬁel)(l%}oEtcBﬁg s Haﬂtnd (em)erf\men
~further pr ocessi ng. [) 045] Wen enl ar gemg rce (6) and

drain ( he gaiedielspisic 610 h?fd%eﬁ'éélﬁ)éﬁ%ﬂ‘i‘ﬁ%]é TETPNE P?)be‘?% elﬁlgeélre%’(‘p‘%' 3](3. ?l ve epitaxy
|'s perfoslEdil ngnh%a rildd ¢l \em'cemﬁwuﬂ%ﬁ suppesSds @iticpelehin@)Themtask i al

covers correspondi annel e ions (8) in the fins (2) to suppress .
enl ar gen&rmmtvhétoa@veal ﬂl@@ﬂ@]ﬁlevms {3proved conductivity is desired for the

SouT - 84%2[ an gl(es?:)lue%‘%gthg %Bt%%leqe%?nc iR IR RRRAILG thi oo B (HRgc Or NOT €

conduct i S are selective eposited thereon, for exanple, by
deposi t i @motdi uglongptibie pghant maasepmtweéy pleks tesgate ditiestiomaiariali xeoseg F al

B ] e T L L
of ex aﬁ'pﬂoamnl Y. When enlargement of the exposed source (6) and drain (7) sections of
correspondmg fins (2) is desired, selective epitaxy is performed to enlarge them, while the gate
20  electrode (3) material covers corresponding channel regions (8) in the fins (2) to suppress
enlargement thereof. _
[0046] When improved conductivity is desired for the source (6), drain (7) and ga.tcs 9
of corresponding fins (2), one or more conducting materials are selectively deposited thereon, for
example, Sy deposition through openings in a patterned mask. The conductive material includes
25  but is not limited to a silicide df metals. such as, tungsten, titanium, cobalt, nickel, platinum,
erbium, or combinations thereof, by way of examplé only.
[0047] The source (6) and the drain (7) for each fin (2) is manufactured, for example, by
ion implantation or plasma immersion. Each accumulation mode P-channel transistor (1), that is

present on the same substrate (4), and each enhancement mode transistor that is present on the

30  same substrate (4), are covered by a patterned mask, while a fin (2) of each enhancement mode



[0047] The source (6) and the drain (7) for each fin (2) is manufactured,
for exanple, by ion inplantation or plasna i mersion. Each accumul ation
node P-channel transistor (1), that is present on the sane substrate (4),
and each enhancenent node transistor that is present on the 30 sane
substrate (4), are covered by a pattegned mask, while a fin (2) of each
enhancenent node 9 N-channel transistor (1) is simultaneously exposed
through a corresponding opening in the mask for sinmul taneous i npl antati on
of N dopant in the channel region (8) achh corresBondl ng dﬁ%‘ and
further) %‘meéFfﬁ%ﬁ’%‘%r{&n‘é§1“I“Hﬁl'68\‘r5t“éF’iPB?Fdd]FmR& A ARONNE OREMRE n'& ¥ons of
each cg rsﬁ-ﬁﬂ@ﬂ&iu@g-n;glbﬁlatﬁc%)ofbﬁd&p%%]he'%énﬁéﬂ@élbr\/@))Sfea%ﬁ@&-r@ﬁéﬂdmﬂlﬁﬂ| on node
N- channe e transistor (1) t may present, and each enhancenent
mode t r &dsineifortherifar simslimeousemplasiatioted Nssepan ip dheread portions ofgacioy er ed by a
correspqondin £fhed mask, ~while each fin (2) for formng an -
accunul gpl%’ﬁgnd?r%dﬁ {gr)]channel transistor (1) is exposed through a

corr 8sp@emiBhg opehitergativalyt tpeh mmhﬁadmmm-chémﬁl widrtianaisieo(ls thathphabe at i on
PUr t har R dha e SRANASLY ok RRnd R 10 (SRR RN E ARG (), 10 and.
urt her P*¥EH 4 aneous i BN O BE opant 1n portions of
each comb%@m}w dtgreﬁpdild(n@))atteﬂitﬂ m;iala,nﬂelle eachfiro2) (B Yorharsg 4nfrecisani@iclopi ng
concentrati n as he so e (6) .or drain (7). .Each enhance d

Crane s tgier e BB tioPied aabiih SrbbRRGP O Bo* P el B

forma Q‘&adﬂﬂﬂkane&ghmmamfau@] SECPEANtIO P Rharinylegioh @%Qkacﬁmﬂﬂwpbmﬂng fin (2)
performed to activate the dopants. 15 [0050] The spacers_(12) are forned on

t he 18i déﬁ&F‘F@%fméH@H‘ag%ﬂé“@P@E%‘F’@d’éPtﬂ)’Pa&&E‘dP?j?‘H’g’O“t%‘s phechol | owi ng
process c§1tré'§i3§nd1 ﬁi‘f'?f) TRLGEAR! rebon HRAS k%%%@ﬂoﬁﬁﬁ&n@éﬁﬁn@ﬁ 8Cihé Qﬂﬁ‘ce(@)

fol |l oned: ng a photoresist 'mask and patterning the mask with
openi ng®r ﬂ@rn ﬁgiap@mehbn@dedfaﬂﬂﬁth@s paeeé by fdfusing dprangsrirane s senrcpy

et chi ng,an§9}agrg {;{,n_ts) agﬁ&pégn&msg(%ggg arnptg,prortlons of the spacer

material from al ur aces ‘except for t dewal | s of each gate el ectrode
(3). Et ¢4y i s Zﬁnmvag\tsaogémﬂyomwitctmehpws an an| sotropi c etchant that

et ches e ort ona i on i i fi ste n_i not her
ai ot AR Gos1) AT a2 REvRbase Pl kil ach B2 frag? BRBe
exe_rrpl artytlr&rfbﬁrdvmpmtowa steps. S;sacﬂnhatbmm:at@@omhébebah Rateleroda (AR fdtmpedded

crbod: mNCEP AP ARSI BhTSrind RAT <y ek MR Py o (B REE 8T e art
25 wi t hahd spdep atatdriabfok reamovhig adpe faloded By)gehoig t&mo#aklﬁrﬁom@ﬁ of the
I nventi Osgacer material from all surfaccs except for the sidewalis of each gate electrode (3). Etching i is
20  advantageously performed by an anisotropic etchant that etches in one orthogonal direction,
~ significantly faster, than in another direction. |
(00517 Although the invention has been described in terms of exemplary embodiments, it
is not limited thereto. Rather, the appended claims should be construed broadly, to include other

variants and embodiments of the invention, which may be made by those skilled in the art

25 without departing from the scope and range of equivalents of the invention



10 What is clainmed is: 1. A sem conductor chip conprising: an accunul ati on
node nmultiple-gate transistor, said transistor conprising at |east one
sem conductor fin overlying an insulator, each said sem conductor fin
conprising a Source region, a drain region, and a channel region, which
conprise sem conductor materials of aifiirst doping type; a gate dielectric
overlying the channel region; and a nultiple gate el ectrode overlying the
gate dielectric. 2. The sem conductor chip of claiml further conprising:
an enhancenment node nultiple-gate transistor overlying the insulator. 3.
The sentb#rigicle¥®id1Ehi p of claim 2 wherein the accumul ati on node
multiple-gate transistor is a N-channel transistor and the enhancenent
mode nul tiple-gate transistor is a P-channel transistor, 4. The

sen conducseoricandibgogthifceopmsPeisher ei n the accunul ati on node nultiple-gate

transistor, | a%c%rﬁﬂﬁia%m%l’luslﬁlgg‘ Stk 2hiNistinehid BfseRPaReRRAl Mode

mul tiple-gate transistor channel ~ transistor, 5. An accunul ation
nmode nul t i pllesgakeehicambicot Gn cealymgaiipgglatora first sem conductor fin
overlying an insulator. .said sem N, SOMRL:S] QR RISk ¢&id£9i on,
a drain réﬁ?%ﬁ?gﬁwamgﬂgﬁgﬁﬁ%?“ﬁgéﬁg%%gggg%gkgﬁbrce, %réin, and cﬁg%né

regi ons, whhich ceapieisaicomticnondiettloof afitsedipidedyieavi ng t he same dopi ng

type; a gate die|lectric ovq&%g&%gdthe chqﬂnel region; and a gate el ectrode

over | yi ng % #e gisleatrgiogerbing THE #ahsi stor of claimb5 wherein the

sem conducy grpREd a&troddloRkigiRMicdatadieieannductor. 7. The transistor of
claim5 wherein the sen conductor conprises a conpound sem conductor. 8.
The tr aRsThesemicepductogichipm! Glabn di HrtbH&oBRHs onduct or conpri ses silicon. 9.

The transi gf gha@lenfch@henipleghi ahstbi dvetlyid@mengulaype is N-type. 10. The
transistor of claim5 wherein the first doping type is P-type. 11 .
3. The semiconductor chip of claim 2 wherein the accumuldtion'mode multtple—%gte transistor 1s
" a N-channel transistor and the enhancement mode multiple-gate transistor is a P-channel
transistor.
4. The semiconductor chip of claim 2 wherein the accumulation mode multiple-gate transistor is
‘a P-channel transistor and the enhancement mode multiple-gate transistor is a N-channel
transistor. '
5. An accumulation mode multiple-gate transistor comprising:
a first semiconductor fin overlying an insulator,
said semiconductor fin comprising a source region, a drain region, and a channel region, said
source, drain, and channel. regions, which comprise semiconductor materials having the
same doping typé; B
a gate dielectric overlying the channel region; and
a gate electrode overlying the gate dielectric.
6. The transistor of claim 5 wherein the semiconductor comprises an elernental semiconductor.
7. The transistor of claim 5 wherein the semiconductor comprises a compound semiconductor.
8. The transistor of claim 5 wherein the semiconductor comprises silicon.

9. The transistor of claim 5 wherein the first doping type is N-type.
10. The transistor of claim 5 wherein the first doping type is P-type.



11. The transistor of claim5 wherein the channel region has a doping
concentration above i0lacnB 12. The transistor of claim5 wherein the
channel regi on has a sane doping concentration as the doping concentration
in the source or drain regions. 13. The transistor of claim5 wherein the
gate dielectric conprises silicon oxig¢e, silicon oxynitride, or silicon
nitride. 14. The transistor of claim5 wherein the gate dielectric
conprises a dielectric with a permttivity larger than 8. 15. The

transistor of claim5 erein.the gat | I I Sk | ess
than 10b!- andétifagrelor Q% et “@Pﬁwgg%f@?qgﬁkgpgﬁﬁggG?ﬁ??ﬁggkﬁgﬁgf?ging

spacers omgthgnsi des of the gate electrode. 17. The transistor of claim5
wherein the multiple-gate transistor

) 2 i S douhl e-gat e ;t r.ansi . 8. The
transi stdr ofhedraasippnotghdmer HhereR t}fFLﬂhP?'EFE—gﬁ’&tq?s f’%%\rﬂ% F%Ff"%r ('sdl"géngrra?% %SI e-gate
transistory, &gping-rgb%cérﬁr@ﬁ'ﬁi B sofdce 6 dhimirépighter ein the mul tiple-gate
transistor 1s a onega field-effect transistor. 20. A g&%ho 0

t d farmng a
seni conddict GFhectingisir tof ciaim ot Biprginathe atenHEISCIRE | CTBIEES Saie” P} nélﬁg?rbr
conprisingoghﬁﬂgtgpﬁth&mPaeproviding a sem conductor structure conprising
a seni condUeLor T n of 'a Tirst doping type overlying an insul ator, |ayer of
a seni comducTier trasispyr &f) cliior &i wherein ghe eatsi dieleetric j EMpvEss| §idieclipditibn of
sai d seniconduct,r]fin' g) formng a gate el ectrode overlying said gate
dielectric?“?HH“§§a%%? fhg a source and a drain region of the first doping
type to 150r nThdeamizeu raf| cieim dn wherilethenghtei didtectgahes ¢ thipkgiess of lessothan 90
nmet hod of claim 20 further conprising the steps of e) form ng spacers on
the sides BBt#E gate el ectrode; and f) forming a silicide on the source
and dr aijg. r eghéansdr ofimetubibet cofnprbing spadds dbutielseles ofdhpgdtselegirode.st ep,

el act 1 V8. eptasisir pHRor ¥hGHE T eldelh Bian 8 oor R e PR oy
the gatig el egd 19RBior of claim 5 wherein the multiple-gate transistor is a triple-gate transistor.
19.  The transistor of claim 5 wherein the multiple-gate transistor is a omega field-effect
transistor.
20. A method of forming a semiconductor chip with an accumulation mode muitiple-gate
transistor comprising the steps of: '
a) providing a semiconductor structure compnsing a semiconductor fin of a firstrdopi_ng
type overlying an insulator layer of a semiconductor chip;
b) forming a gate dielectric overlying a portion of said semiconductor fin;
¢) forming a gate electrode overlying said gate dielectric; and
d) forming a source and a drain tegion of the first doping type to form the accumulation
mode multiple-gate transistor. A
21.  The method of claim 20 further comprising the steps of:
¢) forming spacers on the sides of the gate electrode; and
f) forming a silicide on the source and drain region.
22.  The method of claim 20 further comprising a step, before the step of forming a source
and a drain region, of: |
performing selective epitaxy on the portions of the semiconductor fin not covered by the

gate electrode;



12 23. The nethod of claim 20 wherein the source and drain regions are
formed by ion inplantation or plasnma i mersion ion inplantation. 24. The
met hod of claim 20 wherein the step of form ng the gate el ectrode conpri ses
a plasma etching process. 25. A nmethod of form ng a sem conductor chip
with nmultiple-gate transistors conprigpng the steps of: _ a) providing a
sem conduct or structure conprising a first sem conductor fin and a second
sem conductor fin, both sem conductor fins conprising sem conduct or

mat eri al g of first dopjn both senic - 1 ONENLY KDGRN
i nsul atofi'l aggﬁg;metg‘}d Pgrc!"ﬁ'rﬁgzt%&g%rflg ieeﬁ%g%%ra?‘gddg%g% F’{r‘£§‘§ port i 02 of each
seni conductigplahiation oiplasinatifinagion igeiglakationr ode overlying sai d gate

dielectric; d) form ssoyrce, and drain_region of the fi i ng type
in a porfdon ‘{‘ﬁg‘])‘?gfrgi“m n’l"E?S?de@fi 5P P?rﬁorf“g“gf o r%a'ieheelecggg%%qjgr%go% node
mul ti pl e- g3l RndalcBflgPhdtkss. €) form ng a source and a drain region of a
second dopi ng tyPe in a portion of the ,sec.qrgd .sem caonduct or_fi n.to form an
enhancen®nt rbaEhedof fmEEGAeRIGOPdFaT Shipwithgulip et PERYTOGCORPETIR B
further congrikgkng the steps of- f) form ng spacers on the sides of the
gate electrode; and g¢g) formng a silicide on the source and drain region.
27. The net@oproyiding nfemiomdien HEFUERPPIPTSNAG f%i“s*@‘é‘t??“(g’é?% 18 3@ WY of

formng a sougge. rﬁiﬂgo@ﬁg,r@cj sef@bifctoP finP €bh PN EnS&indtdibrV MaRRAIE @K% ON
the portions o the sem con uctor fin not covered by the. gate el ectrode.

28. The et hodirstAomhmiyne, ethwkmsicenducton Ensosrizieg anibselptar lyeregi ons are forned
by ion inplantation or.plas i ISl i i I . 29. The net hod
r’rpb) orine a g eedlaf:cqmg@‘?erl i rzh%ﬁlgﬁp O?Qachqmn ?ﬁdﬁ&t’opgne,

of claim 25 step of f he gate electro conprises a
pl asma et ché)ngorpiimecegte el@foddfoveryingdaid atk dieldctiig; a semi conductor chip with

accumul atl of Ho0eds soubs Sl ufhin FR0rhE Hot RPRE " & PSuih BPheOfrse 13
semiconductor fin to form the accumulation mode muitiple-gate transistor;
e) forming a source and a drain region of a second doping type in a portion of _the second
semiconductor fin to forr_h an enhancement mode multiple-gate transistor.
26.  The method of claim 25 further comprising the steps of:
f) forming spacers on the sides of the gate electrode; and
g) forming a silicide on the source and drain region.
27. The method of claim 25 further comprising a step, before the step of forming a source
and a drain region, of
performing selective epitaxy on the portions of the semiconductor fin not covered by the.
gate electrode. -
28.  The method of claim 25 wherein the source and drain regions are formed by ion
implantation or plasma immersion ion implantation.
29.  The method of claim 25 wherein the step of forming the gate electrode comprises. a
plasma etching process.
30. A method of forming a semiconductor chip with accumulation mode multiple-gate

transistors comprising the steps of:



a) providing a sem conductor structure conprising a first sem conductor fin
of a first doping type and a second sem conductor fin of a second dopi ng
type, both sem conductor fins overlying an insulator layer; b) formng a
gate dielectric overlying a portion of each sem conductor fin; «¢) formng
a gate electrode overlying said gate fielectric; d) formng a source and a
drain region of the first doping type in a portion of the first

sem conductor fin to forma first accunul ati on node nultiple-gate

transi st orag S{]oqid?g%f?osre c'agdlﬁ:to%gé&ﬁj&ﬁrea%r{ﬁisﬁlr aj Birdt @@hRBn&ctor ' 86 Ofirek dopi ng
type in a poftion the secon sem conductor fin to forma second
accunul at i ondopog typé tangl e- spabml tsemivondictor 81, ofTRe sepeBh PP &IPS POBO

further conprising the.steps .of f) . formng spacers on the sides of the
gate el ectroﬁ‘é‘,"cﬁl%u?t&ﬁ?%ogveawggf’?'c'%%}aetgf)ﬁy he source and drain region. 32.

The met hodbforeliml apR0diklactibeverbirg posiiongfaaditsepicobdfor 8nf he step of
formng a source and '%Fdrﬂi n region,, of :d.egeqf orm ng selective epitaxy on
the porti ofis IFminmeederrdBAa aRT biePld BAsdidE i ed by the gate el ectrode.

33. The meghqgnfhe Gls8hie 3 Whpsigiregiéhef SeUNSEdophY p@ima pegionrs tiar Srst or med
by ion inplantation or. plasma imersion ion inplantation.. 34. The nethod
of claim 30 wheicepducton&indy opmainstarahgption e oda multmlceeds SHSiSRE i ses a

plasma et Cp)i TOmAL % Sifice and a drain tegion of the second doping type in a portion of the second
semiconductor fin to form a second accumulation mode multiple-gate trangistor-

31.  The method of claim 30 further comprising the steps of:
f) forming spacers on the sides of the gate electrode;
g) forming a silicide on the source and drain region.

32.  The method of clatm 30 further comprising a step, before the step of forming a source
and a drain region, of:
performing selective epitaxy on the portions of the semiconductor fin not covered by the
gate electrode.

33.  The method of claim 30 wherein the source and drain regions are formed by ion
implantation or plasma immersion ion implantation. .

14.  The method of claim 30 wherein the step of forming the gate electrode comprises a

plasma etching process.



