; e3e: 8:445T6: &7D86z8T8bk/ 16 J U L 2c)o2 , METHOD FOR NAKING!ﬁEEH&uEEEEﬁ?
TRANSI STORS HAVI NG SUB- LI rl-fOGRAPF~1C GATES W TH VERTI CAL

TECHNI CAL FIELD The present invention concerns nethods for making

met al - oxi de- senj ductor field effect transistors (MOSFETS) in general)
and WN& es of sub-lithographic length and vertical side walls,
4n part GROUND OF THE | NVENJI ON The size, shape, and quality of
t he pol ysi | i.g@wrgat e of MOSFETs are of particul ar concern for conventi onal
as well as future scal ed-down MOSFETs In order to be able to nmake nmenory
chips and | ogic devices of higher integration density than currently
feasible, one"has to find a way to further scale down the gates used in
such chi ps and devices and to inprove the accuracy at which such gates are
made. The basic elemeobsf rmmwexmed\rm&msm(msmsmemti cal ly
illustrated in Figure 1 Such an FET 10 typically is formed in a silicon
substrate 11 and g%ﬁ%kl@ﬂ%G%A865é§A§6§ﬂﬁ W & RdﬁcﬁhsgNd“ﬁ”ddbed drain
region 12 being arranged to the left and right of a polysilicon gate pillar
13 This gate pillar 13 is separated fromthe channel 17 - si tuat ed
bet ween the source 14 and drain regions 12 - by an oxr \m \\\%m
Underneath the polysilion gate 1 3, the oxide |ayer as gate oxide
I n convenflECHNICARETHELPhe gate oxide is thicker underneath HE" pol yst i con
gate because the portions of the oxide layer I ~ not covered by the

olvstltc sate at a attacked icon Rl dressed in
Poe Tol | o bt BlartioB b EiS mefiogt Y mieRe SRt Shtonpugtoy Btfec
junction i@nsaf&s MOSBRTHR boheRehhdRIOSHETs dopates smsﬂmrog@bm@nbng@%@ases t he

cl oser oneﬁgets to the actual channel, i a the source/channel and
dri an/ chagiéfal pidpeelism RagicRfnot w-el | defined I-1o0s is minly caused by
the :;aped side walls 16 J UL 2D02 2 - | Got~the gate | 3 which permt

dopant s t @ agastoURe Sf rheaRngEabsbRat € near the gate edges (overlapping the
gate) when the source and dramregions 12 and 14 are inplanted fromthe

The size, shape, and quality of the polysilicon gate of MOSFETs are of particular concern for

conventional as well as future scaled-down MOSFETSs

In order to be able to make memory chips and logic devices of higher integration density than
currently feasible, one has to find a way to further scale down the gates used 1n such chips and

devices and to improve the accuracy at which such gates are made.

The basic elements of a conventional MOSFET 10 are schematically illustrated in Figure 1
Such an FET 10 typically is formed in a silicon substrate 11 and comprises a doped source
region 14 and a doped drain region 12 being arranged to the left and right of a polysilicon gate
pillar 13 This gate pillar 13 1s separated from the channel 17 - which 1s situated between the
source 14 and drain regions 12 - by an oxide layer 15 Underneath the polysilicon gate 13, the
oxide layer 15 serves as gate onide In conventional FETs, the gate oxide 1s thicker underneath
the polysilicon gate because the portions of the oxide layer 15 not covered by the polvsilicon
pale are attacked during the polysilicon RIE, as addressed i the following Picase note that the
soutce/channel and drain/channel junctions 18 are not abruptly defined The dopant
concentration decreases the closer one gets to the actual channel, 1 e the source/channel and

dramm/channel junctions 18 are not well defined  This 1s mamly caused by the sioped side walls



top 1-los results in increased source and dramresi stance, -Eg 'c‘)‘le ?ﬁU
capacitance, and ill defined effective channel |length resulti 2
_degradi ng the device performance In the present state of the art, silicon
‘reactive ion etching (RIE) and a photo-resist mask are used to define t he
pol ysilicon gates of MOSFETs) including conplenmentary netal oxide

.sem conductor (CMOS) FETs. Two requirenents have to be satisfied by the RIE
‘process. The polysilicon gates should have perfectly vertical side walls,
and furthernore, one has to ensure that the RIE process stops on the gate
oxide 15 at the bottom of the polysilicon gate 13 wi thout destroying it.
Typi cal | yjs §ihge gat €3 QXicd erhntEUdpﬁnQ/Qfr)éaéhhhé‘snﬁdoﬂ stiBak ABG encQfar Bedl,8W

nanonet ers and becones t i nner and thinner when further scaling down FETs
When pr oc@&iant Nk lahahert e spiee 2 dkimeaonef 2 erel 4ot yaiateldion dyer -

uhich i's &f PE: RLARGHNLRBESATE: {aGirRRlASlhlEAD, B8R, OfpadlahcMAFETS on the
wafer - varies To ensure that all polysilicon gates are def'ine properly,
one has t@ﬁadjdﬁtﬂvhéamehmﬁh#Emsm©hCEQamnaNEwabwsrkﬂnnmegates) i ncl udi ng
those formed in a section of the wafer where the polysilicon Iayer is

relativel hIC d domn to t.

|ntent|on%I]°5%?m%$§ﬁlﬁé Dﬂé§@fﬁwVW”8"e?%"%uﬁgiﬂpzvagﬂ 83d"?§?@kness of
t Ihle gate m;gai dﬁdelinStlﬁquo@lﬁ;icﬂin gamsthQ}?ﬂES{‘S:Ihctlﬁdm, @Mp&nfk&ﬁ(yaﬁetisl(ﬂiﬁﬂlﬂat i call yh
illustrated.in Figure | ecause the selectivit t olysilicon etc
process | ¥miend ‘I‘ﬁ“ﬁﬁcm I]?l% Bl W EuRgpeRts haxe “’rﬂe@ﬁ“sgé‘f @'c'gF ngf Profgssnse hat an
et ch procgswildbh %ﬁ&ssh&ﬂh YadeRriBRlyQlehbiSidetwall§ ahdhiRiel@led Onehdho e@u t he
polysilicon in t resent exanple) but not the gate oxide) That is

convent i ol tthlEysrop(icS@)ﬁtom e férp«shte@meéé gietge hettonpal the palysdiekn g#e 1hol ysi | i con,
but al so oxi de | ayer
15 is th|%h%$”g§%§ge% 'ﬁ@uﬁﬁ% po %%@ﬁgSﬁ?zﬁﬁgﬁgtzﬂ&gﬁgigﬁb|na

t hi cknessnwbmtﬂas) mdhieomaymnne(raeétmxn\dewm@hhdr balippdopsi fRicen Sate 1 ~), as
schematrcaily illustrated in Fic ure 1 It is tile nature of the currently

used RIE lysiliaon e h s t hat novcd s ~~~) reduce;

U hel dooct NBrLPiopsgs Shile Bien FRaBR e ner C e PR RS  SRief &b e atnt e
po: VSi : i Cl&fcbm&{CQ)o@hld&mV@[e]c&aﬂl@/f(bﬁfl*‘@tsl"tﬁ:rthmﬁfdﬁ-, vaW@ﬁrToeﬁanalyamganconventi onal
pol ysrlicon RLC. proce ~r tile |- f-pol vsvlrcoy =; at

P o | e halenh el ateranroneri oS psi REUS e dlon B0 i ASSKsiged * g 5

U L 2" 002ga3¢sl myR@Aink thosé formbd iaGkeslioadd (He s GrRRLthy/ pol@aNiesn lafertidheakngs s
across the wafer | Ire polysilicon RIL chem stry can be ad-usted to i nprove

t he pol ysihickctarEhedrtovadp e thipigaie oxilst! 5t Hininfaqdon| eyeeeching desisis. lptsise
'SOttOptCm&ﬁ%&h$r&ﬂc&ﬂh%%ﬁgs&95@ éé@ﬂ§91§&h£ﬁmW@tk%o@§hNC%EkQB?% above, the
gate oxide becone thinner when scaling d

i mredi at e$oyetm5wabu§usmami it FigureHD.rhgequse the s@mﬂeltwthl@pqlﬁlhc@m@cn progess ls

over - et chj to be

i npr oved #dr}lg'oérhcf #RB% etn?t%iiﬂr:s 15&% @s?f”?s? @%%E gghg gs? E{t/aeclrkglxgﬂaa%l Si ze
The gat e wxiedds ofis istehded tdewhoag)nh@miliﬁﬁms tha‘wesemnrpple)bﬂ sotltbzesgitet han 3nm

thick. An e tchin alrs evj ce peLf o n ngt h
K o T P PP B Rer R 8K s BSG Bh AT i MbgrBue Rl
subs equentiscALE oide pryerals. Dué af thy | maﬁthmlm@rﬁela&rnces mMeerraaﬁie&mta A of

photo |ithography |s proportion ength of the e

the gate P@%@,‘t%*ﬁ%‘ﬂ P AR ERE 2y %@6@“%58 mogﬁﬁ\av%#S@@at‘@é“@e%%@*ﬂg%de
usi ng conygat s paadchapdiicadl dsthiogr gphy 1Cut ting edge production today
creates features that are 250nm wi de using 248 nmillumnation Currently,
the i npl enenti ng schenes based on |light are the bottl eneck when trying to
obt ai n st Huethdrmas cofl e quegotir ecd Rile Polatlon eEDRACCStsdha2bfM it hedgeiectopt i cal
l'i t hogr aphyj,s, r S . f. e £
expenel ver e Ao A RO Dk O et 0 P AL e TP e
nanufactuemng@avwﬂﬁﬂbhmmmﬂwmhésyéanc@@@hﬂgﬂﬁW&@WﬂMmnbmh@nWéémNZ@kcﬂ%r

Al ternati rOGESSEe Y, one_att tive when
nmovi ng OnYl{ Op 1a ‘ l)(icl\ Sﬁ CO” édlgj (Z,lthcr ch Q{ODt ﬁgthlg glgk, W leS mil gnxxgexsf ﬁéhfc{“” QNG

are huge
Thus technlques that nalntaln compatibility mnth nuch of the existing
processes are inherently valuable There are currently no MOS~ET fabncati on
schewes known that would allow to realize MOSFCTs wtli gates of
sub-litltograploc Iength and v ertical (non-sloped) sde walls rurtlternore
t he conventional techniques are oot suited to make scal ed-down f~r~rs
haven<~ gate lengths of I sO nmand below) as well as intact <l ate ondes

with a tlochncss of less (Iran 5nn~ i 6 J UL 2002



4 There is sone background art of general interest which is re‘!:ﬁ%&og@gz
certain aspects of the invention, such as for exanple US patent 4, ) »
US patent 4,430,791, and US patent 4,636, 822, all three patents currently
bei ng assigned to the assignee of the present patent application. The
present patent application is related to U S. Patent Application Serial
-No. 09/026, 094 (Applicant’'s reference;nunber FI9-97-165), entitled "FIELD
EFFECT TRANSI STORS W TH | MPROVED | MPLANTS AND METHOD FOR MAKI NG SUCH
TRANSI STORS", and U.S. Patent Application Serial No. 091026, 093
(Applicant's reference nunber FI9-97-164), entitled "FlI ELD EFFECT

TRANSI STGRST VW Tt (yERT hi@Ado n@4TEN S| VDEE sWALDLCS n#sisIB rivis THOR: fEF ORIt s NGo 1 SRICH

TRANSI ST bot Ll ed,on the tl SS t he
assi gnee 0 nmhycmﬁgfgﬁ1e%pprwgﬁfloﬂmbfhémgog% %Eﬂ?g l% ﬁﬁ"hgmﬁpemgatent
appl i cat iboasndssndracon @od @bdthdrerceemmby siopédknénedis It is an object of the
present invention to provide a nethod for the formation of MOSFETs with

wel | defined chann th of |l ess than 150 n i s anot her_ obj ect of
Ut or cs iRy 1 Lo U GBS T A P ar TRe PP SOSTBSe s v ¢ h
m ni mum gphERednely AoaAbul thAShSthameehe ga'asiomais mg\méﬁa&.@apé&wm&e ~ S
a a ~ Zooz 5 SUWAFZ1' OF Tf~C INVLN fION Tlte above ob~ecaves have been

acconpl i dnethepyordnehpetelselicyityotas s brompenvad inRidante Yeablede sk palysilicre
| ormat i O%a@@ oF&Tf suldii stze nﬁ;enﬁg: ST shb§6§ mhi a%n TOfor E)?amﬁ)]e fs les@ ormng a

cRtd

dielectric stack’ on a sem conductor structure, cﬁ?ﬁnlng an ‘etch w ndow on
t he di el ¢banr3ng thickckny oveeétcmnmignairg tie detic merformantee di el ectric stack by
transferring the etch mﬁndOM/into the dielectric stack using a reactive ion

o 1S, e bR o MRS el BeRer fen bt ensR bt B "ot 0ol o

such t hatsulssegeniRIH st acitictly dRomss¢ bV Bincethdegolutien dfphebaithogiapry ©f t he
ate hol e,
g proportional to the wavelength of the exposing light, the gate length is imited to about 150

nm Smaller gates can not be made using conventional optical lithography

Cutting edge production today creates features that are 250nm wide using 248 nm
illumination Currently, the implementing schemes based on light are the bottleneck when
trying to obtain structures of a feature size below 150nm. State-of-the-art optical lithography
systems for making current DRAMs, for example, are quite expensive. The semiconductor
industry road map calls for leading-edge manufacturing at 180 nm in the year 2001 and 70nm

in the year 2011

Alternative processes, such as x-ray hthography, become attractive when moving on to smaller
feature sizes, but the required investments are huge Thus techniques that maintain

compatibility with much of the existing processes are inherently valuable

There are currently no MOSTFET fabrication schemes known that would allow to realize
MOSFETs with gates of sub-hthographic length and vertical (non-sloped) side walls
Furthermore the conventional techniques are not suited to make scaled-down IFI=Ts having
gate lengths of 150 nm and below, as well as intact gate oxides with a thichness of less than

Snm



depositing a gate conductor such that it fills the gate hole, ,r ing the
gate conductor covering the portions of the sem conductor stru tépgnl_%ﬂz
surrounding the gate hole, renoving at |east part of the dielectric stack)
and renoving the side wall spacers The inventive approach substitutes part
of the conventional MOS or CMOS process steps usually enployed for the

definition of the gate conductor by the above sequence of steps Tlte above
process can be nodified in drf~erent wayg as m | be adds essed In the

detail ed descnptior; Advantaues wi |l beconme obvious formthe detail ed desci

i pron anti tlic dr awings | i IS om advantage that sub-lithographic gate
pillars Can be formed using conventjonal photo 1Quyi yvimstrp Il mancnl m
<j cl vrm<y~Thef°n‘étS°‘P1’ pgckgrqund 3ihpf gengrel injepgsswhich s ri"JP‘F‘,l Gprtain agpegis ofdhe 16 J U

t I2002 6 hDE\SSﬁRbIEEhéH\hs@Er éSda%Exh p%éRf’Sl'NalW_ ,738,}528,in@er5 @m@),smaﬁwlsqﬁtehﬂ det ai |
el ow wit en to 0 ng scl~eratrc drawings (not drawn to
ccar o) Ft b5 S0 M Brtealet gl bl B aned ik s BB M pRRL & o
convent i onakenMpHEfiokl G 2 is a schematic cross section of the basic
structure of a MOSFET, according to the present invention FIG 3 shows key

steps of a fabrication sequence) according to the present invention FIG 3A
shows a subtnresest Ragspesnpticatipn & plated dx Uefe Patsat Apphiration derigl &pe £9/026,094

(Applicant's reference number FI9-97-165), entitled "FIELD EFFECT TRANSISTORS WITH
IMPROVED IMPLANTS AND METHOD FOR MAKING SUCH TRANSISTORS", and U.S.
Patent Application Serial No. 09/026,093 (Applicant's reference number FI19-97-164), entitled

"FIELD EFFECT TRANSISTORS WITH VERTICAL GATE SIDE WALLS AND METHOD
FOR MAKING SUCH TRANSISTORS", both filed on the same day and presently assigned to
the assignee of the instant application. The disclosure of these two patent applications is

incorporated herein by reference.

It is an object of the present invention to provide a method for the formation of MOSFETSs with

well defined channel length of less than 150 nm.

It is another object of the present invention to provide a method for the formation of MOSFETs

with minimum source and drain resistance, and minimum overlap capacitance.



FI G 3B shows an internediate fabrication step after a photo realsgt has been
patterned for the etching of STI or LOCOS isolation FIG 3C sho [?]2
internediate fabrication step where the photo resist has been used as et
‘mask for the etching of STl trenches FIG 3D shows an internediate
fabrication step where the STI trenches have been filled with a TECS | ayer
+1 G 3E shows an internedi ate fabrication step where the TECS and part of
the nitride | ayer have been renoved bg neans of plananzation FIC) 31=

sl ~ows an internedi ate fabrication step where additional |ayers have bee v

formed 1=1C~ ~C, sitows an internediate fabiicauor; step after a pliotc
icnsts Ilqg,\h\qARﬂ/ @plqle{@ [Nl\qg@ﬁorr\apl ocallv patterned, and a gate hole wath
vertical Sid<~ v~ ,. . lran Iml,~. i nrucl 16 J UL 2002 FIGil-I rs a

magni fi ed mew oft he gate hol e, after the resist has been renoved and
t he' r C. OSThatwvbebmctetcimed beanagcdripBsigd by k!moxasnowftaereweldd awventfvabwtatir on

seep wher ¢ r"%hqrslloﬂnatmn ok Flliflyefﬁus nva%lho% CO{HHHSC?H]& f{)l? oM iIne :1? 3s%f shows an

i nt er medi at tion step yer has been renoved
from hori zontal surfaces IeaV| ng side wall spacers |n the gate hole FIG 3 K
shows an infoenhingdidaticetricatack 6t samicaidepovdnacard he gate hol e has been filled
with polysilicon Please note that, before the gate hole rs filled, a thin
gat e oxi de yer or other ins | ayer is forned at the bottom of the
gate hol e Fé%“@%agﬁtdb\ﬁ“}gﬁw%‘ttg?%ﬁl g‘f%‘ ep where the polysrlrcon has been
removed by nmeans of plananzation FIG 3M shows an internediate fabrication

step where ddifingia@hRbblelif ths dasdéiricWhick By 6o ipalle QEh SRYSK dlto LRSI cand t he
side wal | spacers have been renoved such that a polysilrcon gate pillar

With verti caickdisigs afeeti ipeptahing (RIEDB8¢s$hows an internedi ate fabrication
step where dopants were introduced to define source and drain regions 16

J UL 2002 gepositing a side wall layer:

*+ removing the side wall layer from horizontal surfaces of the dielectnc stack and gate hole

such that side wall spacers remain which reduce the lateral size of the gate hole,
* depositing a gate conductor such that it fills the gate hole,

* removing the gate conductor covering the portions of the semiconductor structure

surrounding the gate hole,
* removing at least part of the dielectric stack, and
* removing the side wall spacers

The inventive approach substitutes part of the conventional MOS or CMOS process steps

usually employed for the definition of the gate conductor by the above sequence of steps

The above process can be modified in different ways as will be addressed in the detailed

description

Advantages will become obvious form the detailed desciiption and the drawings 1t 1s one
advantage that sub-lithographic gate pillars can be formed using conventional photo

Ithographie steps Ttis another advantage that the side walls of the vate prllars are verucal



8 DESCRI PTI ON OF PREFERRED EMBODf MEN~~ I n the present context, ji'm O '
doped sem conductors are neant to be heavily doped senuconduct of£ Ij'ui. 2002
typically have a concentralon of dopants of at |east 10" to 10==/cm. Wen
using the word MOSFET in the present context, any kind of MOSFET field
effect transistor, including CMOS FETs, 1~(MJS, PMOS and so forth are neant
Al so transistors are nmeant to be covergd where there is no oxide serving as
i solating |layer between gate pillar and channel |nstead of the conventional
oxi de) any kind of an isolating |ayer, such as a nitride |ayer, can be used
The enphasis of the follow ng description is on polysilicon gates It is to
be noted j lLyisihicon any material which is suited as gate
conductorH%%%]gg§gﬁgﬁ53239$ﬁéﬁ%b f§s)ilicon coul d be replaced by Tungsten,

for exanple Likew se, a |ayered structure of polysilicon and srltcrde, or
the |ike, Thamvb&icusedksahedat €tdinslovadhtiofefgpalcy sd tht €0iowingREeplactigrasidgscon may

be' filled iqfo t he qate hole, as will be described |ater. This anorphous
silicon cAP'HEN BedFansf ormed into pol ysilicon by succeeding heat
treatments . An FET 20, according to the present invention, is illustrated

in Figuregg 1t is if Qcamefaddrdss38MbR SNALGIR stalRad SratBndudhli S substrate may
be a silicon substrate, for exanple In the present enbodinent, a drain

regi on 22 and aMéBiiEde region 24 are defined by n' doping Wll suited for
n-type doping are P, As and Sh, for exanple For the definition of p-type
source an rain r.eqgions_B n: - d ilicon gate 23 is
situated g%gt%p Oﬁ?gS$ﬁ$ﬁK§r§Q5§%§n§§W§§¥¥§§BF§§§gaﬁgﬁgﬁ?ﬁat the surfaces
surroundi ng t heagatding3b theqiresest imreaticover ed by the renai nder of a pad oxide
| ayer which usually rs deposited before definition of shallow isolation
trenches t_shown rn Figure_2) As tn Figure 1, the el ectrodes enpl oyed
for the c%ﬂ?’a%:ti nghgys kQY,SgecPéf’f%%ﬁ‘B‘?‘if‘E?"%Fﬁ P-5Fufias f‘Po'Fe BfSRh As can be
seen, the side waldtisn2G of the polysiltcon gate s ai a ver tical rlre
source/ciiannel anti the dramclrannel 11InCtiOI1S 29 (also referred to as
sc~nte/ cl ~annel and drain;channel interfaces) are well defined and abrupt
because t HdFe34r e WS supsigatg apvsredibya padPrIde tkrcrideusie'd al | ow dopants to
enter the region underneath tire gate W;~S\~%I1C .II IlllplarltlilIL Llile

37U L 2008'9 2t oot POL TR BRATRG 4% MR O MBI ned by the
l ength Lc. of tpategetdéorphd ¢tamn@d, SThecbUSOStik@ateni s m ni mum overlap It is
further to be noted that the gate lensth L~ is shorter than feasible with
C e ot A Bl B DR e SRR g ooy rereree
transi stor havi bénaisglads etoh omd ddrahe whighg of S tieeetwt one of the | ateral
di rensions (the gate length or the gate width) is shorter than the small est
possi bl e feature size that can be, qbt.ai ned conventional opti cal
i t hogr apt)C That 176 FhEGREUAP BREENORMEN zsv%géﬁees -tﬁf‘%e%a‘gmi SO nm and
?elom@ Acpordlngaﬁﬁu@@agpgqggFu%?ﬂvegp|Fn,ta.gat? hﬁl$hls forngd byII
ransferring a mask window into the dielectric stac en a side wa ayer
is formed and renoved fromthe horizontal surfaces such that side wall
spacers réithi AEi nsthows eniategaedatpfbecare stap therediie THS gdtrartiedl e mi nus t he
gate piiar to B Forma TA e ireart ar PR e e e el 1's g1 ve you
m ni mrum overl ap and consequentially reduced source drain resistance and
decr eased [dveRFap capach tramoed Ac fdrieatdes@p hédreddsopnaplaionhas:l | be given in
connection with a sequence of steps (illustrated in Figures 3A-3L),

according to thBC%V d&8t invention It is to be noted that these st eps not
necessarily have to be executed in the order illustrated and described. The

fabri cati oncsctiemeshoacaenedrm@d ko rivhea pr eggatied apnenticony hdsseparti cul arly
well suited for the formation of FETs. In the bel ow descri bed exanple, the
formation of an?BEF, "SEHHRRYPHEMERE DR S8EACG ekt en, begins with a
substrate 30.(Chi s substrate is covered by a pad oxide layer 35 and a
nitride |layer 31 The substrate 30 may be a silicon substrate, for exanple A
| Onmthick SiO I|ayer 35 may be used as pad oxi de The pad oxide |ayer is
typically between Snm and 20nm thick The oxide | ayer 35 nay be trade by
means of rapid-thermal processing (RTP) or furnace processing Tlie nitride

| ayer 31 may consist of St~N~ and m ght have a thickness of about 100nm The
nUridc laves s | cao be nade using a |logy tenperature | ow pressure chem ca
vapor deposition (LfC VD) process, for instance O her deposi U on n~etl ~ods
are avail abl e, including plasm enhanced cl ~enocal vapor deposition (f ECVD
1 Lihew-ise, the nitride can be sputtered ,16 J UL 2002 10 Next) a
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As shown in Figure 3C, the resist pattern in now transferred into the

| ayered structure underneath by neans of an appropriate etch tkﬁh{}l[?]k(ca%g@Qs
step is non-critical. The depth Dsrr of the STl trenches 34 nay be m
and nore Before filling the STI trenches with a suited isolator) one nmay
thermal Iy grow a thin oxide layer 46 inside the trenches 34 This is
recommended in particular if the trenches 34 are to be filled by tetra
ethyl ortho silicate (TEOS), which is a deposited oxi de Deposited TECS
usual |y has surface states at the interface to the silicon substrate 30
Such surface states are not desired In the present exanple, the resist 32
i s renmovegygasif hi ns b habimdd \Qé(&'gpthégat'e%olt.oarﬁ@g]e%gt (1@ Ben TECS, ddsingleposi t ed
such that all STI trenches 34 are filled down to the bottom as shown in
Fi gure 3D TEOS ¢ad e lepbiteediedimsiaryg a | ow pressure chemical vapor
deposition (LPCVD) process, for instance Many other materials can be used
i nst ead of., TEGCS, , Leient isolation j.acent, transi stors
(whi ch aré“ﬁdﬁsshgﬁ%&?ﬁgﬁgaﬁgggé%kgéff“ﬁg)ghgggﬁ@ééﬁmkfwﬁgs%ﬁ”advantage of
TECS that it prdeposles for a very good stopping |ayer for any subsequent
chem cal mechanical polish (CW) plananzation step As schemattcal | ~~

o ot oo G- Bl Bk 855 B SRl e hencs
renoves the excemdvddism BoriAnth SirfABS 1QRink bide WaPsRcdrayehe ditd holhie upper
surl:~c.e 3 7 O(~ layer 3 1 is now conpletely flat Allei Cl1', tlic

thickness of this nmide I~iyet .s i is vlyhtly reduced to about 75nm _.

t s ~ a ~FO0K 11 shewsansintsgaefiree fabgeatipn stepwhery thgatedple hazhgendi el ectri ¢
stack on top of : (. de r [ bl fOLTITITT ~

addi ti onal Iayéygggﬂﬁ?%3g§??1Fk%%ﬁgﬁgﬁyfgﬁﬁgB&%%%g%ggs@%dfhe pr esent

exanpl e, tireudgad ecdalnger ot athkr ioniating feg is forBed dXlthetiottpinadétHeayer 31 (reduced
t o about Zqu1fhickness), a Si,N, nitride layer 38 (about SOnmt hick))
and a TEGB®I'8Ver 39 (about 60nm thick) The TECS as well as the nitride can
be deposited using LPCVD processes, for exanple. For reasons of

conpat i bi IFi¢ 31 t hhéhearBxieshddie Seyivi@e t1RGBRAI|@FINeSheciBhRkEAl S such as
silicon or nitride and their respective oxides are preferred TECS is well
suited as upperdeeenf giRlnagratiRe di el ectric stack because it can be
precisely RIE etched RIE etched TECS has snooth surfaces. It serves as an
excel I ent pharfs maskof,Ofn kbR &AHERbBlibn 8LERLOOHRAACAYEER stabe Wi st pattern
can be exactly transferred into the TECS. It is to be noted, however) that
the TECS is reninasiedplessvesaldmierrgandibe péawakipdecrshave bren bstavedrieh t he gate
hol e, as wi | 1naDey 8l SEuSSRY plib GRADEAL 98 Whikedigure SH The di el ectri c
stack may |i kew se” consi'st "of a polyner, or it may conprise several polyner
| ayers Any other dielectric stack can be used, as long as it is guaranteed
that thisFstadk cahobearehcheeiitnfabricatipmgep whert dgpatie wedd ietsoduicetoverti cal
side wall s can Q& gorned %% I.S_al so inportant) that highly selective
etchants are availabl eF8f {HLECthi ng of the gate holes, as will be
addressed in connection with Figures 3G and 3H It should al so be taken into
consi derati on when choosing the uppernost |ayer of the dielectric stack
that the side wall |ayer forned in a subsequent step can be easily renoved
fromthe horizontal surfaces of the uppernost |ayer Furthernore, the
dielectric stack - and the one of nore layers of which it is conposed -
shoul d be conparable with ewsting device tcclrn~lo~nmes Tlre dielectric
stack may conprise nitride only Sucir a nitride-only stac4, can he etched

W t hout attackrn~~ the silicon and pad oxide



.16 J UL 2002 12 In the present enbodi ments, the dielectric stack i's
formed on top of a sem conductor structure whrcli already co c@%l n
tayers and structural elenments, such as STI or LOCCS trenches It st

noted that the drelectnc stack can be formed on any kind of sennconduct or
stricture, including a sinple substrate, a preprocessed substrate, a

sem conduct or device conprising othergcircuits, and so forth The expression
gate pillar is used in the present context to describe gate structures
protruding fromthe sem conductor structure. The pillar can have any shape
and size, as long as at |east two of the side walls are vertical, i.e.

per pendi CﬁLg&R 1tl Nr(ﬁ’FSPﬁé?EﬁQEb'ﬁd@@ﬂt&@ﬂ‘t’“Ct or structure In a subsequent
st ep, oto ographic process 1s used to define the lateral size of a
gate hole 40 to be forrred As will becone clear fromthe foll ow ng

descri ptilonhe plagenaginual. nsbzg dmbect sh:enc@adLetqmis kre arcadd 1o bohdpwlyfdmpreed i nsi de t he
gate hole 40 N s step is
not ill ustem'ctoggjucsci‘rﬁgre’e’f Wgtcélry ltaé(e %'Ve'maf f ”ePg(InOﬂ’a'\)\ﬁa?/(q‘l ﬁ]ca%ﬁﬁ hgo I Qt/%'}’al si ze
and shape of the gate hole 40 can be defined. Basically, an etch w ndow 40
i's provi detlei i theSbst MOBFET4Bthe pRSertt@itée, adkind bhRIOSFEE frickiefrape of
which is about the sanme as the |lateral size and shape of the gate hole 40

i 0 be forlgstopedudng{VOSHifas. RIMOS EMGSango {45 ast '@FF”WM%POW‘H‘G‘OE%%TF nes the
| engt h of nthe It Svitel Ghél therdls hb exiliotdrang Msolatnlﬂ@ lagé’rtb%tvwétlt Bath QliER4HON 1S

described. A gate formation R E process is enplo to transfer the etch

wi ndow 40channsl ilokeehdiof thelgenyeatprat o, amlwdtcbfen@p'el"@ﬁ:l’@yqf cugt scknifidt ease not e
t hat thi slag‘% e(lae%ggga stack conprises in the present exanple nitride |ayer
31, nitnde Tayer and TECS | ayer 39) The gate formation RIE process can
be optim zed to ensure proper etching of the various |ayers of the
dielectri Ehesérxamkstﬁﬁ\teé oIk dsdcatson ieacpvlizdicoggangat it id ta delndted tahmstetc hi ng of
t he respe | ayer of t ielectric stac be carr,i

ot ohi g« PeropeesT ayariogel Vhigh it g iR ual BLPF SrOP ot i SN Shoul o
be chosencapPe ©phcel By Gugsvéenelor e%pﬂeedtkbﬁls@ a98kRa sinvdtiry of PoliNilicoh ded of 3 1
or better, wWocii mans that the T(;OS is etched three tunes faster than the

nitride RIE'r Bcs ks carke uediy etﬂ Insigpd efpofygicon. pprahous sUFemay Reefiigdc al

si de val | stétﬂtgttghegtas%hﬁbgaetmttat& ?tl@&to,ﬁu;@smt& o8 (en BT irRfQMTe40 ha:
been precisely transferred into the rCOS | ayer 39, a second RI(: step is
carried can Milpdicerbicsupgecding bea trat@@TR. 13 RIE step rs designed to have high
selectivity to the pad oxide 35 A sel ect|V|ty of nrtnde to the had oxrde of
51 and S A, 5 VI rfed In the
pr esent %%ﬁzo t’ﬁ%éf%g‘éé%n p%f‘sgm mv}ex{t s usgr{g?ﬂslhn'ftupwlwﬁ@q%rg%%ess is

desi gned se(mlretndthptd)rtwbsmiaterz1d§hllsal;bstr&esﬁy bmdstcoln safstratagfodéxemplet nitbe st ack and
to stop on th ad. oxi de ) | ust.ra Lgure s second
RIE step ['S® A amos e“hlaé“a‘t‘é?%“’d‘usz? 27 e aé"“sf“ee Ge E‘F%ff’ dgf‘e“e%rg%tt‘eﬁ‘%}"“&pﬂ%?h zed RIE
steps. |tsiied lfcrfpeuypeadtrtputghaé PtlAeaScES;te(&trlexarﬂgte tFor fhadefoxtiod@f payr sbue abdet t er

because ot herw se t oxi de be strongly. attacked and.if.
Dhi ckmessiriteae B AT aBfCs SHKET v APl EoRar e pbi i e e ohat s Pher

remove pagiie 0kidé be rlaed efd macthstta:ca&es(saﬁowdldg thesatbasatiRade tdvefdd®y the
following)) or one m ght continue the processing w thout renovin

these | ay&M&indg efiferap eide ity crexptoally ied petisd beyerdciy el sealisvetp %B@I“ore t he
processi ngtmes%etthauﬁ% Fibie DI A (£ 8360 1t 1 AERIAS Qﬁl%@d%x ttb@or%tl hol e 40
is about the sane as the conbined thickness DSTACr. of the |ayers %1 and 38
(see in FitgaresrcBHNdNguBFy nThdodepthraDbnseen b diteeeallp Pt(eofhtei‘ ghlvshah tetse gate
pillar 41-ingcluding I r..Serving as
gate typi CaPCL \"él K tlh Fgﬁso%m%ﬁn%%tr’l agﬁhl%(y?glﬁl/ t&gngﬁma%l & cheftgil\édeﬁ a]S.OOI’]m and
200nm Futwm ee/@Mi)Sl EEiTcsachhAnnlﬁiamerfaegateexfdnedmgmdd aod ab‘taﬂ bm:muaﬂtrliere\nemnd ess.

Such short b- phi t 150 d
ess) can BECLER 19" RAsE S Hg 4 HE T RUEN el D PRLERE g B S Rut o 1 he

paper pl an@\)wmltgﬁﬁﬁwﬁﬂtt@ onabugate eheedyroadesiciise faes weehindsf tamandhs0 | tm
Also the width of a gate may be sub-lithographic if desired After having
defined the gate hole 40 by RIE etching, a thin side wall |ayer 60 is now
deposited, as illustrated in Figure 3l It is recommended not to renove the
pad oxi de 35 before deposition of the side wall |ayer 60 (see Figure 3H)
This layer 60 may be a nitride | ayer which conforns well to the vertical
side walls of the gate hole 40 The thickness of such a nitnde | a~~er can be
precisely controlled ~1 nest etch step rs now pei fornmed to ren~ov a toe
side wall lav er 60 fr omisle sum nomal surfaces A blanket RIE (or another
etch process) n~av be used Since the thickness ol~tl~e liorr~ontal portions
of the s|de mall Iayer ~0 rs rasher th|n conpared to the thrckneSS ol ~tlie

. o e Y .



Now t he | eftover of the pad oxide 35 nmay be renoved fromthe botfom of the
hol e 40 This can be done using an HF dip. HF does not attack t gsjULcQﬂ[]z
substrate 30. Before the renoval of the TECS 39 and pad oxide 35 at the
bottom of the gate hole 40, the resist is renoved. Now a precisely defined
gate oxide 49 may be fornmed as indicated in Figure 3J The thickness and
quality of this gate oxide 49 is indeﬁendent of the thickness and quality
of the pad oxide |layer 35 The gate oxide 49 may al so be thicker than the
pad oxide, if so desired Before the formation of the gate oxide 49, a
sacrificial oxide |ayer (not shown) nmay be fornmed at the bottom of gate

hol e 40. cHabSvesBetnkr bRl . 0% 1A nladedencQMdind RRNh el eh@d gavayaengd t he
structure be heated This short sequence of steﬁs allows to heal possible

damage ( CHGEER I 't REGHT 8VHBP L SO it 1O RUE) BN sk lerath bols SBUteat the

bot t om Of[hm%ﬁh‘@lvﬁh &hvbtiofh) p@x!)ltoglqlﬂéﬂa'pl\ﬁ@ l&meﬁys N&1eh a gﬁtla‘?s IRk REQRASS for
gate hole formati on may be designed such that not only the dielectric
stack, buas sab-shogiaphipgate @i fdel waly sub-18B gsandicatateivdltransistonbaving agate the RIE
process st e 8l |l : thi cfivity to
silicon choﬂ{? Cé&g}gtegena %ﬂ%tlo‘égg{ @E%Eetrr%lé%eng??lggée }ée &{3 @B@Zﬁ?p% r?glfdél?)' ecause

ot her wi sehbhe thinl the om0 passibldfeatbetstze thabfant teebgatke bh odreedidnsimptickl be et ched
away Once..the silicon 30 is , expos at the b om of. . the hole 40, one may
grow a sjgllt]?gﬁpi’?"allrga&'(sr g‘@ gplgyenie! aé.‘g%ﬂégtgP”i"ﬁ@&fo'tashSWea"drR?lgwi s here of greater |
i nportance because the R E damages of the silicon are worst The sacrtF~cral

onmde | ayesccahnga® tidRetentanveniidd, Rigkl hdlR@forhdiebyiahsediag & mdsk wallbwlimyer GO rs
formed and structured such that side v-all spacer s 61 remain on the

vertical Beficlegfestags Thene fid walkayes sApimed apdfemoxedisgm thebarizoig! syrifacenl  onde

| ayer rs sﬁ@im‘ltegde(\ﬁatllcsgfé@s rBfign fhside AleSaQWEE TRYSTtHEF theSgateRile Minds A% m-. ms ~
oxrdanon, as descr rbed above 16 J L 2002 15 C3eloie |loimation of the

oxi de | aytbicknegs oftthesidst wallcpagees defipgstthdlenatlh bapraldviddiof ghezgatelpiller talbep, f or

exanpl e i1l ustr i n L FEigur t 41 | L.ied in gate
hol e 40 gﬁrnégnyﬁ%\ée%cg%érofrg]seti’gi.éas‘ygr%ﬁg%g gﬁlf yot%hrgﬁil e %VSP?H @g\sgf) g%ﬁ‘?eﬂ’%@i S

i npor t antredred nsuiceadriih adsistahe 400 ldysedseCorrlddcapanphet ely fills the gate hole
40. The polysilicon may be deposited by neans of LPCVD (e.g at about 650"

O . As neptioned . farther. aboye, .one may deposjt anorphqus si.licon . instead
of " porys: F MG eerhE Ceton s UL L p OB AOTast Paalh e TP EH B UlsfiA e

pol ysi | i qogurad 3231 ab&bordn dithd predehimvehiéh POk YShel dofddnthdTeesdgepsiotioped or
doped. Dopants_can be introduced intog the ‘£O| ysi l.icon e'é her. during the

pol ysi | | CBReSEREDORAVE fohs, exgruteip dhagadadupratpsandilesehech { AgROGRIPHETTRTent i ve
process tRalrdhBe MLYSdk ifvoRiddalt Bartiegs yadl NREESSME KdnhatlaVét HETsbe doped
when the sourcé and drain regions are inplanted The polysilicon gate may in

one of the subsequent fabrication steps be silicided (polycide), and a cap
di el ect rile tepeisingt desentied exaorpde, dhetfpantion of and Bfaeecorling tadhenipssagnastion,
processi A r ' i : - av@teri al
e b S e A
40. The pYleJensubstraredd inanbe ssiln sitistrate ddr ¢xamplsl fdDhin dlock HQt ger 3Afrnayr

depositign of . the material 41 serving as e cond o) rization
top. my BRI AT g0 oRet PETi B By e SR Yoy BBk BREER O o)
t he upperlapsts ray 8¢ m3& Bfmédne othagh elodrinal pradessnlg (R$P pxpfosedt, praesdingd ust r at ed
in Figure 3L Last but not least) part or all of dielectric stack has to be

removed Ip the present exanple the whol ielectric stack is r ved The
nitride |ﬂ§FéP‘6‘d§§V%dd gy C&P%S‘@f%‘r“ﬁ&é&”@f ﬂ@veﬁd"c‘ﬁ]efso@ﬁﬁ%éb@'&‘i’ f the side

wal | spacernsic@vd ‘ar&nE@&a&aurgﬂwgm&ﬁ@rlEﬁl)C.’@Slctlhﬁ pisglealchi@l Shackepotihese si de
wal | spacers 61 are renoved together wall the dielectric stack 11 the side
wal | spacef (e anekesshe: disanpesc Ol daoat Rt Bemheiist e vl msludne P 2ri al s bot h
can be reum}{lecgd §I%9ﬁ{aﬁ€a§|oydéploglflgl!(P(E@WjJeltxﬁe\['lgmyeaﬂnngé canlb'EFs‘pLQlc%oeCt! I's st ack
and the side wall spacer s b , a pi otniding gatc 111;;r a | ,,i;li
vertical side walle QL2 n uncovcicd <;~ ~hov.-n m|~y~um ~~1 16 J UL
2002



16 The processing can now be continued rn a standard CMOS tech oM »
described rn ci~apter | U, pages 266-269, of the book "nrcr o gfbodﬁéha§802
pr ocessrng and device design", by R.~ (~olclaser, lohn ~rrley Rc. Sons,
1980 for e~arl~ple During the subsequent steps one may define the source 43
and drain regions 44 - if not already done so earlier - by inplantation of
-sui ted dopants) as shown in Figure 3 MOA channel 45 (situated underneath
the gate pillar 41 and between drain 44 and source 43 ) is thus defined.
The channel length is about the same as the gate | ength because the
sour cel channel and drai n/channel interfaces are steep and abrupt (well

def t ned) ) Nada §iR@e- VBT JhBR eSistT2d dWnneden aictiimgdiaed aly wadyofihe length L, ~
of the gate can T)e shorter t han what can be defi ned using conventi onal

pr ocessestonEgtwaal fthogiaphy (BT YR ¥ 17 BRYPHIERH (helnp PR MoWVE Aé fardvent i ve

sequence @jqu&tu@p%lc%ﬁcgrAslgﬁ@lw@m V&ird B 1RRG Y uSEANIANLIaFQWNES B drai n
regi ons obtai ned by neans of %ant ation, diffused source-drain ~unctrons

may be fown‘éldamf%m ar ﬁnyuéh%mn&ﬁlf it ahyéibylsﬁdlm@brva@be e | ldetshape apésige BSG)

boron siljgGa. gk ﬁ/ﬁ‘)dolv?%?%effn@g e étga dlirggmm %+ hElQ)wbt?e QQRSQU nﬁ(aSﬁWTpl ete the

FET, el ect rodes ave rovi ui t ect rodes are
conduct i nigenth¢sgp bakiched nzar. tSudu$H|s (aetiabsn asﬁr{td]wa@e isalatioA) gre Mipjcallaysedin  Cu,

| TO b t d t d ,
0 LT (RO Sk B IRIRSH 0, B SHRRBLEH RG0S SORISTS, o
I Nt er conn@edal aidatio Bt silidomhpor ifosy-Bifered 1EGERIEnde empladed ifteadlof STRAt | Ve

enbodi nents addressed above can be nodified rn vari ous nanner s, as

outlined bel ow The n' doped regi ons can be replaced by p' doped regions,
f or |nstaﬁ%éww"t'%%y%é%ﬁtf refigt pargerg ftOWéfaaéfﬁ@eﬁ 'P'é’dl“b'ﬁ)éer%da%mﬁ@f%arl ed The

substr at eunQi@HJth IB? nﬁarﬁ (9[ Qﬁ)@ﬁjpr%na'fb g@ﬂ@@hnﬁhé 'ﬁ%r!;tegld pohriticAt fhe &Pthebg i
Silicon-On-1nsula substrat e, to menUOn sone posnb

mocBl i can@fﬁbe STL@NChffsriﬁlﬂmytbs 18emm ind ml@fecBethTe(ﬁélﬂg the AT pertbpevdith egiied wi t hin
d Fl |
an n- Opcmldat%P tb%ym% err]fuﬂ@ g_)rc?\L Ejr}}rgrl. §§1JN%$& tn?‘é@thte(?retlal md’]’l'\m(ﬁ? y rs (also

i efer i to 0sS n-chann tl~e p-doped region)
wher eas pretgpeerfded # mrtfalas o the teefnelnesr?edrettobaﬁllqd b&hammeﬂyl pifficssilicate s a a ~

02 17 d bst t tl | CMOS
ool ol BEQ e e B 2GRt ffk oot PrASPERITHRRRE Sl BERE, L { he

sour ce antedfasdnort RQ4ilUdS safseraffeoonsdhhllu\%eaStewaJehotacBeslfde‘)S FETs can be forned
b~ means of the inventive process MOS FETs of dil Terent channel type and

structure nay be made within one and the sane substrate It is al so possible
to make cmtbgpsﬁﬁéf &8Pl e e P iserreo e Mg PR B AApHPEn g ard heand ot her

transi st OTEObaél@eprth‘é‘uchgﬁét%ﬁ STt BelcgadaQfe fIRARNEAD hBBotMI a8 sitbviligCt ri C
stack to obtain protruding gate pillar 41, as ill ustrated in Fl%re 3M

one may r@ﬁbﬂ?é%ﬂ'ﬁ@sﬁéﬁbe deposites ufing R eyt preesuEsdierRical vapor deposition (LPC

process, for instance Many other materials can be used instead of TEOS, as long a sufficient

isolation of adjacent transistors (which are not shown in Figures 3A-3L) is guaranteed

It is an advantage of TEOS that it provides for a very good stopping layer for any subsequent

chemical mechanical polish (CMP) plananzation step

As schematically illustrated in Figure 3E, the upper surface of the structure 1s now planarized
usmg CMP_ for example In the present embodiment the CMP 1emoves the excess TEOS 36
and stops on the nitride layer 31 The upper surface 37 of laver 31 1s now completely flat

After CMP, the thickness of this nitiide fayer 31 1s shuhtly reduced to about 75nm



The process according to the present invention has great potential for
fabrication of sub-half mcron devices Please note that a sub- 01 mﬂtﬂg 002
device is a device with gate length L< 0 | Lt m The inventive process TS
wel |l suited for high density nmulti-gigabit DRAM fabricati on FETs accordi ng
to the present invention can be used in many different kinds of circuits,
such as high performance logic, |ow ppyer logic or high density nmenory

devi ces) including high density nufti-gigabit DRAMs, as nentioned above The
i nventive FETs can easily be conmbined with other elenments, such as for
exanpl e capacitors, resistors, diodes) menory cells and so forth Because of

their Smlll\ aSli%s %u%ﬁldste?)aée?r{qtouré @ﬁr lh%g e‘egrpl’c qFan?orp{ ﬁ%?ﬂ] pEcEJﬁdt?‘l %B?O sui ted

for use in connection ysta |sﬁiays
(LCDs) L@I"ﬁlcldd by 2@011115 aﬁgmon?dlmm/bfi1op|‘¢ﬁtlhqﬁlanfamzed Isdrr@mé @? rimllccmeserit a netal
oxi de senlcg { | q ? fect transistor (MOSFET), conprising the steps:
f or mi ng a(ﬁ‘“'%c ??%C%T at kK oR™8"¥8mi conduct or structure; defining an etch
wi ndow on said dielectric stack; defining a gate hole in the dielectric
stack by ter agsiefitridatyed s (@ddabedwb RBEIV7Hrivk Ondkhessdi el ectric stack using a
reactive ion etching (RIE) process; depositing a side wall |ayer; renoving
the side wall,_.|ayer fromhorizontal surfaces such that side wall spacers
remai n i nsi 88T hetra{aEeiS @0u ™ Bifkei*AY the |ateral size of the gate
hol e; depositing a gate conductor such that the gate conductor fills the

gate hol e;. Eeﬂpmnagryh@bggwﬁn@@mggctor outside the gate hole; renoving at
| east part of the dielectric stack; and renoving the side wall spacers. 2.
The nethod of claim 1, wherein the dielectric stack conprises a nitride
| ayer, préthed&BISy agvel asile: nigife ean (@ demositedresingde (OfD proggseas.afor akpewle Kot he

dielectri QC&%BI?SC(J? cSrREQ? HI!WItI‘?‘thE %‘%Etﬁxg%ﬂé’é tea{nt)faglcé 'rrlale?n@lts ?ucil-gggﬁéonl dyer.

nitride and their respective oxides are preferred

TEOS 1s well suited as uppermost layer of the dielectric stack because it can be precisely RIE
etched RIE etched TEOS has smooth surfaces. It serves as an excellent hard mask for
subsequent RIE etching because the resist pattern can be exactly transferred into the TEOS. It
(s to be noted, however, that the TEOS is removed when etching the pad oxide at the bottom
of the gate hole, as will be discussed in-connection with Figure 3H. The dielectric stack may
likewise consist of a polymer, or it may comprise several polymer layers Any other dielectric
stack can be used, as long as it is guaranteed that this stack can be etched in a manner that gate
holes with vertical side walls can be formed It is also important, that highly selective etchants
are available for the etching of the gate holes, as will be addressed in connection with Figures
3G and 3H It should also be taken into consideration when choosing the uppermost layer of
the dielectric stack that the side wall layer formed in a subsequent step can be easily removed
from the honizontal surfaces of the uppermost layer Furthermore, the dielectric stack - and the
one or more layers of which 1t 1s composed - should be compatible with existing device

technologies

The dielectric stack may comprise nitride only Such a nitride-only stack can be ctched without

attacking the silicon and pad oxide



4. The nmethod of claim1l, wherein the dielectric stack conprlses a pol yner.
~1 s ~ m2002 - 19 5. The nethod of claim1, wherein the etch de%ngzgpz
defined using a resist and a subsequent photolithographic process

met hod of claim11, wherein the etch windowis transferred into the
dielectric stack using a sequence of reactive ion etching (RIE) steps. 7.
The method of claiml, wherein each siep of the sequence of reactive ion
etching (RIE) steps is optim zed for the respective |layer of the dielectric
stack it is supposed to etch. 8 The nethod of claiml, wherein the
sequence of reactive ion etching (RIE) steps is optimzed to etch a gate

hole wth N&hd #)n%%lnl & lg)%m\{@il ! 1etdpqegH%Q%B%153?91{%'0%' gcéfra s%m%ggtﬁjlétor gtruc-[ure

nmet hod of cla st s e sequence o0 eactive ion

et chi ng (RMEﬂlQUEpﬁuhaswausGMe@wcwmb¢MUGumxkﬁﬂwmﬁsaﬂwméﬁépr50£0810 The

met hod of , er te o t e bottom of the
gate hol e a hs ﬂH%MﬂEHBWFHBI%ﬁg“mggmsumemf%y ™ (Eﬁ$ @P?%gﬁPm?”&ﬁ¥?éces
11. The nEithﬁdJrQﬁncﬁle&igms&ﬂ)le wiheread, ! prédpeodekbet s@ﬁﬁﬁe,@)@ed&oﬂl(ﬁlcfo@ﬂm
thermally. 12. The nmethod of claim 10, wherein the thin gate oxide has a

t hi ckness 6W“W@§§°ﬂﬁéﬂ“%”%ﬁ?d%§bnghe met hod of claim 1, wherein the gate
conductor conprises polysilicon or Tungsten. 14. The nethod of claim 1,

wherein a ¢hed | the Brieilt & QGBS Bath SRk vi ng
the gate conducﬁgérlor{c%\%é;@{uﬁgﬁsedemgor eonEs ogi?&%%e el g%tt” i PrOrudif’o

from the semiconductor structure. The pillar can have any shape and size, as long as at least
two of the side walls are vertical, i.e. perpendicular with respect to the semiconductor

structure

In a subsequent step, a photo lithographic process is used to define the lateral size of a gate
hole 40 to be formed As will become clear from the following description, the actual size of
the gate pillar 41 to be formed inside the gate hole 40 will be smaller than the size of the gate
hole This step 1s not illustrated since there are many different ways how the lateral size and
shape of the gate hole 40 can be defined. Basically, an etch window 40 is provided in a resist
mask 48 (see Figure 3G), the size and shape of which is about the same as the lateral size and
shape of the gate hole 40 to be formed: Please note that the length of the etch window 40
defines the length of the gate hole 40.

In the following, the gate hole formation is described. A gate formation RIE process is
employed to transfer the etch window 40 provided in the resist 48 into the dielectric stack
(please note that this dielectric stack comprises in the present example nitride layer 31, nitnide
layer 38, and TEOS layer 39) The gate formation RIE process can be optimized to ensure
proper etching of the various layers of the dielectric stack Several RIE steps, each being
optimized for the etching of the respective layer of the diclectric stack, may be carried out
When etching the TEOS layer 39, tor example, the selectivity to nitride should be chosen
appropniately Well suited 1s a selectivity to nitride of 3 1 ot better, which means that the
TEOS 1s etched three times faster than the nitnide RIE processes are availlable which facate
excellent vertical side walls throughout the dielectric stack Once the etch window 40 has been

precisely transferred mto the TEQOS layer 39, a second RIE step is cartied out This seced



stack surrounding the gate hole. 15. The nethod of claim 1, whgrgin the
whol e dielectric stack is renoved after formation of the gate ﬁlﬁldUL 20[}2
J UL 2002 -20 16. The nmethod of claim 15, wherein the side wall spacers
are renoved together with the dielectric stack. 17. The nethod of claim1,
wherein the side wall spacers are renoved separately fromthe dielectric
stack. 18. The nmethod of claim1, whékdein the transistor is a device with a
gate length (L~) of less than 150 nm 19. The method of claim 1, wherein
the transistor is a device with sub-lithographic gate length (L~). 20. The
met hod of claim11, wherein the netal oxide sem conductor field effect
transistor,jis.a P N , or CNCB transi stor. .. The nethod of claim1l
wher ei n thléh‘s?)ter'(':see%\%ﬁd %Vﬁgﬁggé‘? %Cﬁ'éf"%troéﬁcf %ardr’f)é‘tije% 'i\ﬁgfczﬁfﬁ'tl)é?f?%tﬁg‘iﬁo Ydpant s,
sai d sour cgadanaiedifai Innt @@rOR SuiRdCA sélendvngofad lealiroatis pidrkedd on to the channel
which is situated underneath the edge of the gate pillar and gate oxide.

22. The nmethod of claim2l, wherein the junctigons bhetween the source region

and channel” (Pelfiedi! aREPEen&iedecand siee §f BR &R dOEREMMBIE pragfstis darenediq ¢tch
defined. 2@e nthe BREIRhENAH | OF Be MekediricWREH Sidtolshd® odliRPARdRkidt Ned 4NEL | ONS

bet ween the source region and channel region and the drain région and
channel redji@ritedrie Figuedll. This second RIE step 1s the last RIE step out of a sequence of

separately optimized RIE steps. It is important that the selectivity to pad oxide is 5:1 or better,

because otherwise the pad oxide 35 may be strongly attacked and its thickness reduced.

After formation of the gate hole 40, one may either remove part of the dielectric stack (as will
be described in the following), or one might continue the processing without removing any of
these layers In the present example the TEOS layer 39 is removed before the processing is
continued. In this case, the depth Dgame. of the gate hole 40 is about the same as the combined
thickness Dsrac. of the layers 31 and 38 (see in Figures 3H and 3F) The depth Dgam: defines
the heights of the gate pillar 41 including gate oxide, both yet to be formed The pillar serving
as gate typically is higher than 100nm, and in particular between 100nm and 200nm. Future
CMOS FETs will have a gate length of 150 nm and even less. Such short gates (also referred
to as sub-lithographic gates; 150 nm arid less) can be easily made using the inventive process
The width (out of the paper plane) of conventional gate electrodes is between 2 um and 50

um Also the width of a gate may be sub-lithographic if desired

After having defined the gate hole 40 by RIE etching, a thin side wall layer 60 is now
deposited, as illustrated in Figure 31 It is recommended not to remove the pad oxide 35 before
deposition of the side wall layer 60 (see Figure 3H) This layer 60 may be a nitride layer which
conforms well to the vertical side walls of the gate hole 40 The thickness of such a nitride

layer can be precisely controlled

A next etch step s now performed to remore the side wall laver 60 fiom the horrzontal
suifaces A blanket RIE (or another etch process) mav be used Since the thickness of the
horizontal portions of the side wall layer 60 1s rather thin compared to the thickness of the

vertical portions (those parts which cover the side walls of the gate hole 40). these horizonta!



24. The nmethod of claiml, wherein the effective gate length i f{ned
the length (L~) of the gate. 25. The nethod of claiml, Wnerei?n'geJUE 2652
sacrificial oxide layer is forned at the bottomof the gate hole, the
sacrificial oxide layer is then etched away, and ~ s ~unmo2 -21 the netal
oxi de sem conductor field effect tranfjéstor I's heated. 26. The nethod of
-claim 1, wherein the pad oxide |ayer formed on the sem conduct or
structure before defining an etch wi ndow on said dielectric stack. 27. The
met hod of claim 26, wherein the pad oxide |ayer is between 5 nmand 20 nm
thick. 28. The nethod of claim 26, wherein the pad oxide |ayer at the
bottom of t he enoved afte e _st.e e ate hole
in the di B‘f'b%%?sgwag%feme‘} Jihotl puackma g E‘}p‘éﬁ%ﬁﬁ'ﬁ%qﬁ%r“o” g‘fhéa“rq'g%ﬂdgb‘aﬂ oxi de
| ayer at ishi@ishalt sioeweall sfab®s gabfawélnieanddslnrcamyadldﬂSﬂva‘gaallu\extateelt(chq,ure
yAXhQS ﬁlsgf& ie?ezilde walépaé%?s ()]AFe('iAl\JYce%e Ieng__)th of the g g,ate ﬁ)le 40 '%\lﬁe 1en¥th or}lhe gate

hole minus two times the thickness of the side wall layer 60 defines the length L.; of the gate 41

to be formed

Now the leftover of the pad oxide 35 may be removed from the bottom of the hole 40 This
can be done using an HF dip. HF does not attack the silicon substrate 30. Before the removal
of the TEOS 39 and pad oxide 35 at the bottom of the gate hole 40, the resist is removed.
Now a precisely defined gate oxide 49 may be formed as indicated in Figure 3] The thickness
and quality of this gate oxide 49 is independent of the thickness and quality of the pad oxide

layer 35 The gate oxide 49 may also be thicker than the pad oxide, if so desired

Before the formation of the gate oxide 49, a sacrificial oxide layer (not shown) may be formed
at the bottom of gate hole 40. This sacrificial oxide layer could then etched away and the
structure be heated This short sequence of steps allows to heal possible damage (caused by the

gate hole formation RIE) of the silicon 30 at the bottom of gate hole 40

In an alternative embodiment, the RIE process for gate hole formation may be designed such
that not only the dielectric stack, but also the pad oxide layer 35 are etched at once. I e, the
RIE process stops on the silicon substrate 30 In this case, the selectivity to silicon of the
second RIE etch process needs to be appropriate, because otherwise the silicon 30 at the
bottom of the gate hole 40 would be etched away Once the silicon 30 is exposed at the bottom
of the hole 40, one may grow a sacrificial oxide layer, as described above Thus is here of
greater importance because the RIE damages of the silicon are worst The sacrificial oxide
fayer may be about 2 nm thick Then, the nitnide side wall layer 60 1s formed and structured
such that side wall spacers 61 remain on the vertical surfaces of the gate hole After this step,
the sacuificial oxide layer 1s removed (etched) and a gate ovide layer 49 1s formed by means of

oxtdation, as described above
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steps be silicided (polycide), and a cap dielectric deposited for protection of the gate duning

subsequent processing, if deemed appropriate

As mentioned farther above, any material - which is suited as gate conductor - may be ‘filled'

into the gate hole 40. The present invention is not limited to polysilicon gates.

After deposition of the material 41 serving as gate conductor, a planarization step may be
carried out. Well suited is a CMP process. After planarization, the uppermost layer 38 of the

dielectric stack is exposed, as illustrated in Figure 3L

Last but not least, part or all of dielectric stack has to be removed In the present example the
whole dielectric stack is removed The nitride layers 38 and 31 are stripped using hot
phosphoric acid 1f the side wall spacers 61 are the same matenal as the dielectric stack, these
side wall spacers 61 are removed together with the dielectric stack [ the side wall spacer 0]

and the dielectric stack consist of difterent matenals both can be removed sepaiately

After complete removal of the dielectiic stack and the side wall spacers 01, a protruding gate

pillar 41 sath vertical side walls 42 < uncovered  as shown in Tieure 3\
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M 10%9&' ( Xsituated underneath the gate pillar 41 and between dram 44 and source 43) is thus defined.
The channel length is about the same as the gate length because the source/channel and
drain/channel interfaces are steep and abrupt (well defined), and the overlap is minimized, as
discussed already The length Lg of the gate can be shorter than what can be defined using
conventional processes. Gates of sub-lithographic length can be formed by the inventive

sequence of steps described above

Instead of standard source and drain regions obtained by means of implantation, diffused
source-drain junctions may be formed by outdiffusion from a polysilicon or dielectric (e g

BSG, boron silica glass) layer formed on the regions to be doped

To complete the FET, electrodes have to be provided. Suitable electrodes are made of
conducting material, in particular metals, such as Au, Al, Mo, Ta, T1, Cu, or ITO (indium-tin
oxide) being deposited by evaporation and etching, or other techniques. Furthermore, a

metallization pattern may now be formed to interconnect adjacent FETs

The above embodiment and the alternative embodiments addressed above can be modified n

various manners, as outlined below

The n' doped regions can be replaced by p' doped regions. for instance The size and shape of
the doped regions can be varied The substrate could be a p-doped or n-doped Silicen
substrate, o1 a Silicon-On-Insulator (SOI) substrate, just to mention some possible
modiications Wellimplants can be used to deline a p-doped region within an n-doped
substiate, for example This allows to form n-tvpe FETs (also 1eferied to as n-channel FETs o1

NMOS) within the p-doped region, whereas p-type FET's (also 1efeired to as p-channel FETs
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oif PMOS) can be formed 1n the n-doped substrate directly In CMOS technology, the p-well

o1 n-well diffusion 1s cairied out before the source and dram regions ate formed

NMOS as well as PMOS FETs can be formed by means of the inventive process MOS FETs
of different channel type and structure may be made within one and the same substrate It s
also possible to make chips where some transistors have sub-lithographic gates and other

transistors have longer gates.

Instead of removing the whole dielectric stack to obtain a protruding gate pillar 41, as

illustrated in Figure 3M, one may remove only part of the dielectric stack

The process according to the present invention has great potential for fabrication of sub-half
micron devices Please note that a sub-0.1 micron device is a device with gate length L< 0 |

pum
The inventtve process is well suited for high density multt-gigabit DRAM fabrication

FETs according to the present invention can be used in many different kinds of circuits, such as
high performance logic, low power logit or high density memory devices, including high
density multi-gigabit DRAMs, as mentioned above The inventive FETs can easily be combined
with other elements, such as for example capacitors, resistors, diodes, memory cells and so
forth Because of their small size and ease of fabrication, the present FETs are also suited for

use in connection with organic displays or liquid crystal displays (LCDs)
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1. Method for the formation of a metal oxide semiconductor field effect transistor

(MOSFET), comprising the steps:
forming a dielectric stack on a semiconductor structure;
defining an etch window on said dielectric stack;

defining a gate hole in the dielectric stack by transferring the etch

window into the dielectric stack using a reactive ion etching (RIE) process;
depositing a side wall layer;

removing the side wall layer from horizontal surfaces such that side

wall spacers remain inside the gate hole thus reducing the lateral size of the gate

hole;
depositing a gate conductor such that the gate conductor fills the gate
hole;
removing the gate conductor outside the gate hole;
removing at least part of the dielectric stack; and
removing the side wall spacers.
2. The method of claim 1, wherein the dielectric stack comprises a nitride layer,

preferably a SiyNj layer.

3. The method of claim 1, wherein the dielectric stack comprises a tetra ethyl ortho
silicate (TEOS) layer.

4, The method of claim 1, wherein the dielectric stack comprises a polymer.
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6. The method of claim 1, wherein the etch window is transferred into the dielectric

stack using a sequence of reactive ion etching (RIE) steps.

7. The method of claim 1, wherein each step of the sequence of reactive ion etching
(RIE) steps is optimized for the respective layer of the dielectric stack it is

supposed to etch.

8. The method of claim 1, wherein the sequence of reactive ion etching (RIE) steps
is optimized to etch a gate hole with vertical side walls throughout the dielectric

stack.

9. The method of claim 7, wherein the last step of the sequence of reactive ion

etching (RIE) steps has a selectivity to oxide of at least 5:1.,

10. The method of claim 1, wherein a thin gate oxide is formed at the bottom of the

gate hole after the removing the side wall layer from horizontal surfaces.

11. The method of claim 10, wherein the thin gate oxide is formed thermally.

12. The method of claim 10, wherein the thin gate oxide has a thickness of less than
5 nm.

13. The method of claim 1, wherein the gate conductor comprises polysilicon or
Tungsten.

14. The method of claim 1, wherein a chemical mechanical polishing (CMP) process

is used for removing the gate conductor covering the portions of the dielectric

stack surrounding the gate hole.

15. The method of claim 1, wherein the whole dielectric stack is removed after

formation of the gate pillar.
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from the dielectric stack.

18. The method of claim 1, wherein the transistor is a device with a gate length (L)

of less than 150 nm.

19. The method of claim 1, wherein the transistor is a device with sub-lithographic

gate length (Lg).

20. The method of claim 1, wherein the metal oxide semiconductor field effect
transistor is a PMOS, NMOS, or CMOS transistor.

21. The method of claim 1, wherein the source and drain regions are formed by
implantation of dopants, said source and drain regions each having an abrupt
junction to the channel which is situated underneath the edge of the gate pillar

and gate oxide.

22. The method of claim 21, wherein the junctions between the source region and

channel region and the drain region and channel region are well defined.

23. The method of claim 21, wherein the slope of the junctions between the source

region and channel region and the drain region and channel region are steep.

24. The method of claim 1, wherein the effective gate length is defined by the length
(Lg) of the gate.

25. The method of claim 1, wherein
a sacrificial oxide layer is formed at the bottom of the gate hole,

the sacrificial oxide layer is then etched away, and
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27. The method of claim 26, wherein the pad oxide layer is between 5 nm and 20 nm
thick.
28. The method of claim 26, wherein the pad oxide layer at the bottom of the gate

hole is removed after the step of defining a gate hole in the dielectric stack.

29, The method of claim 26, wherein the pad oxide layer at the bottom of the gate

hole is removed using a wet etch.



