WO 03/ 046921 PCT/ NO02/ 00397 1 A nethod for making self-registering
non-1ithographic transistors wwth ultrashort channel |engths The present

i nvent i onwoasoesas a net hod for naking transistors with wcarasizonis7channel
| engths. 5 Lots of efforts intend to reduce size of circuitry (on silicon
or other substrates), conbined with attenpts to increase switching speeds
by reducing channels |engths nore than what follows from design rules and
l'ithography. GCrcuitry reduction is part of the silicon world' s extensive
efforts, theA methed farenaking selfotegisteningonendithagagphipn{ransisteys with

l'i thography aidaQhbef RelRn&¥RE 1 C approaches are very seriously being
pursued, w t?}l tﬁg goafﬂ%? ?eag ing line widths and |ine distances around

measured by EOTRTORYERERE ctibphR g fiHiod I Bal) Bifbisigd Ptk | T eroty

nanoswi t ches uétnashdrechaieel l8hgdsnat i ve, non-1ithographi c patterning
techni ques nmay hold better promse, 15 e.g. mcropatterning or

tsﬁl f- astswgl Loftﬁgf‘?ﬂtﬁ)‘ﬁ%si-nté‘i?\@?’%dlicfe@zé_ @f&ﬁ{cﬁﬁw (Q@Fﬂ&ddeﬁoﬂ?@f i tc It han
e nost” advanced |ithography trials, since they intfoduce conple new
processes andU@Htatesk r?Pn'i‘l?l‘PSXé’V l\}fé,a@tegtpﬁ% £Q \Rg1ed SY"HH[}E}% %eegs% 'ﬁ?dﬁ’é o]

Lhel BY\D ha}/G chﬂ@ﬁ@ﬂ@@éth@@?@f&ﬂ@h \ahatpfl;cﬂliﬁﬁﬁ fiofin ﬂeﬁ@:nbﬂtlﬂest _@N@ﬂiéh@gx&bhyw t he
uilding o .ex circuitry, par cause of, reqi st.rati.pn i ssues,
part 1y ecaularanty eanEtan it pafiast té ShF Ry sl op Y LF eefitt ot ZEtTS

Ot her t ec[l):’li qr@sgr%mr@cmlﬂiﬂmg ;ﬂlﬁltdliﬁltogm}ﬂxyﬁr)é-fra?/ ChHogeiphy ardofhecingret he
same ens...The probkl ens that canngt : is:
5k HE verSots ABPPO R e ohE sERETTRTRg Pur iy T RHE bFERF (A Png 2
bet ween t he $imererlth@andrdtheddiziancel acoundi®4 gin 6Ehneyantproduagongvi¢hinher
Candard sili ¥ . , , : .

non- st andar 2000 NS REFER, i HBLAGRELhaGH B T Y dEHMTT Bl Ainale
circuitry footgdecular switchedenseoswitchesuand the Mke.h a gi ven

l'i thography/patterning tool, 4) achieve the above with self-registration.
30 Hence the xgakirf6tivef nbMeitRberPMic Eaueﬂﬁingmeamiqae@my lesldebetRiriadniibat i n

an advapt ageous mmanner overcones. the inherent prohlens of present and
i or ¥t T EdhTBIEgR  ae G Oede TovemOr e Bitts go vRecT 0o WEE RS vel
as a nunber efef uidrtecsxdtiathanetheandst abhaaotddiebographycthiaty eined theya net hod
according t Oirtlt?gdﬁcnevgcr)]rtn'p?e%fyorqgvrv'psr'oggsses and equipment into a very conservative
industry. Also none of the two have the actual potential at present or possibly
ever to allow the building of complex circuitry, partly because of registration
20 issues, partly because of problems related to building multilayer structures.
Other techniques (e.g. using hard stamps, ref. Obducat), are facing the same

problems.

The problems that cannot be solved by known technology is: 1) making very
short (few atoms long) channel lengths, i.e. the distance between the source

25 and drain electrodes, 2) achieve this using either standard silicon procedures,
fabrication techniques and equipment or non-standard, non-lithographic
techniques, 3) use this to obtain smaller circuitry footprint, i.e. denser
circuitry, with a given lithography/patterning tool, 4) achieve the above with
self-registration.

30 Hence the object of the present invention is to provide a method that in an
advantageous manner overcomes the inherent problems of present and prior
art technology as listed above.

The object of the invention, as well as a number of further features and
advantages are achieved with a method according to the invention comprising



WO 03/ 046921 PCT/ NC02/ 00397 2 the follow ng steps: a) depositing a
conducting material on a substrate of sem conductor naterial, b)

pat t er ni ngotod®4eenducti ng material into parallel strip-IiPeETINOGRIIDT

el ectrodes, with a pitch determ ned by an_applicabl e design rule and

| eaving exposed strip-like areas of the 2ubstrate between the first

el ectrodes, c) depositing a barrier |layer covering the first el ectrodes
down to the substrate, d) doping the substrate in the exposed areas

t hereof, 10 the fodleowingistiePy conducting material over the doped areas of the

substrate, thus foy adngifRas al dolduetinginbideal sacosabstaetofaiasicohdueaabove,
f) removing the barri‘er l'ayer covering the first el ectrodes, |eaving
vertical chamatgrealext endi ng down to the undoped areas of the substrate

?ﬁte Wgegots hg fi rstb)flg@lttéﬂﬁgngfl@fednﬁwm miafesr,ialﬁﬁngpacmwmgripmksﬁm&rate in
X e reas ere a e, bot.t om o the. £ L4Lng:
channel S Wi taeﬁtrBQFFai ‘@Ftﬁr?aP’éF]i‘ gpfermlnpgpg\ﬁrhap@h%aﬁ?@g% Fgé]l ﬂ%:l raiI)l elISG,Q‘g]InggSi ng
?Egnl Bgf bet &&qg%se_ﬂeﬁgpd_ikehﬁ&atsrdfdﬁs subdtrasepostiveg nahe firsoeladieodegbst r at e

r ebet ween, opi. t he ex [ ofy .t | i
openi ngs where th{ij d??&é{}g%Iagl&rlrlc?gggf%a(%’é’%g@egn{hre eﬂr?r%\%g%)a%@éég%do‘glﬁﬁpﬁgea
conducti ng nailssttaaé, i n the openings to regenerate the first el ectrodes,

whereby an el ectrgelg b aveh ol ARATOK Y elioauakaviifsbor,par al | e

strip-like first >0 ectrodes are obtained, 1ntérfaci the 25
doped skbstrate aepdeppsitingedcdndunting miatarialiauer tthe opggareay Og i er

material - onl o SHENHATL kil bhFAleIfATIRAG A1k DaEs aRhEabIw,e source

or drain _ cond el ectrodes coryespondi ngly drain or
source el ectrode) smaviagghsthsurist fayer &!Oé@?lnééhﬁéjﬁéhﬁﬁfmgﬁszlﬁévmﬁoant s
used in the vgﬁpdc?rl‘%h%g@l%,ex%é’néi}lg%@ﬁ it kNG uABop 18 it calsi STaheabk B Etd ayer
over the electrodes and the ~sepdrating barrier |ayers, m depositing the
conduct i ng nheeveen thenfirsianddhesecond Ciatradss: | ayer, and n) patterning the

conductjng materi gh doPirdf P AMsddi€lin Sie bRpddckicargas ehereof at the bottom of
the channels,

h) filling the channels with a barrier material,

i) removing the first electrodes, leaving openings between second
electrodes and exposing areas of the substrate therebetween,

20 j) doping the exposed areas of the substrate in the openings where the
first electrodes have been removed,

k) depositing a conducting material in the openings to regenerate the
first electrodes, whereby an electrode layer of approximately equal-width
parallel strip-like first and second electrodes are obtained, interfacing the

25 doped substrate and separated by an arbitrarily thin layer of barrier material
only, such that the first electrodes now either constitute source or drain
electrodes and the second electrodes correspondingly drain or source
electrodes of transistor structures, as dependent on the dopants used in the

doping steps,
30 1) depositing an insulating barrier layer over the electrodes and the
separating barrier layers,
m) depositing the conducting material on the top of the barrier layer,
and
n) patterning the conducting material to form parallel strip-like gate
35 electrodes oriented crosswise to the source and drain electrodes, whereby a
matrix of field-effect transistor structures are obtained with very short



35 electrodes oriented crosswise to the source and drain el ectrodes,
whereby a matrix of field-effect transistor structures are obtained with
very shorwoWw®odd2046921 PCT/ NO02/ 00397 3 channel | engt h @cda/meooiod3oari |y

| arge channel width, the latter as given Ry the gate electrode patterned.
In the nmethod according to the invention Pt is considered advant ageous t hat
the conducting material is a netal, or that the conducting nmaterial is
selected 5 as an organic materi al, r abl or a.c

pr ef y a,.po r | y.rer
material . Geelhamuel yengthjandaRiiradhafrge éﬁ@?‘&‘i’)‘l\@ld(tﬁah}%ﬁgt%ﬁiscﬁ%gﬁt%ﬁ(}g? apy
is used in thae dattrsddpAdesicdps, but equal ly preferable non-1ithographic
tools could be used in the patterning steps. In the nethod according to

the inventi he ' he - desy ¥t ar e
removed by mbﬂjse lgga{e@c%cnééayrgg% g{rkg@ﬁ{?npﬁg 1% ???%&is??%e?hl n a@gﬁﬁ@txra@ is
formed by a 8el ewtductingepotsridlan a pewdeesthat the capdusting materal is selecte

Lhin-fi 19 U0, RREEhEE haFlal SRR (BabTPRIRAyRK: of Brepidlgmet Mtbeanet hod

according to vention t pat t erni ng advant ageous can 15 be

y

f d b f .etching. t thod di o ign it
s al'so coneFRBrEINtS PayEted Pt iIF h R RRAERACII b e s S e
material as paftémong sfepaablyeqiaily pecfieedtiodonckitvogiraphicdopkrecouidert nsad t he

matrix or tranﬁ_jf sto% structures can advant ageously be divided up as
appropri ate HbMCORINTRHEP GRS 20 fiel d-effect transistors or circuits of

nore than one transistor of this kind. The i vebg]:ri.on shal | 8}9 btgtter
under st ood whethe Bsthodyaeerrding F%W?\Q’V@é‘@nﬁgle BT e AR 10F t he

met hod fr mRidcHGdes PRshesitlfSare WehlbvedesPin@bits oé@hﬂﬂhg}ents of the various
steps and when read in conjunction with the drawing figures, of which 25

0" 2 P B RS R S s st immnclodi

met hod for ructures ‘accordi to the Invention as
rendered by pooass osedtermatsvely thadhiorfilmfthinbarréerulayphgan beFOEREH bt ep,

fig. 2b a pl raX/iir\?/éV of the structures rendered in cross section in fig. 2a,
fig. I Ib a gﬁa ‘ew of the structures rendered in cross section in fig.

11, VD 03/ 040021 FCTINCOZI 00397, 411 . 4R 3 RIS S ool G oo

15 be performed by means of etching.

In the method according to the invention it is also considered advantageous
selecting the semiconductor substrate material as silicon.

Finally, in the method according to the invention the matrix or transistor
structures can advantageously be divided up as appropriate to form individual
20 field-effect transistors or circuits of more than one transistor of this kind.

The invention shall be better understood when reading the following step by
step exposition of the method for making transistors, with exemplary
embodiments of the various steps and when read in conjunction with the

drawing figures, of which

25 figs. 1, 2a, 3-11a, 12 and 13 show the successive process steps of the method
for making transistor structures according to the invention as rendered by
cross sections of the structures resulting from each step,

fig. 2b a plan view of the structures rendered in cross section in fig. 2a,

fig. 11b a plan view of the structures rendered in cross section in fig. 11a,



according to the present invention with the outlines of channels and source
and drain el ectrodes indicated by stitched lines, and fig. 14b a cross
section twooagisothe matrix in fig. 14a taken along the |i meT/NOWAOI397Now t he
met hod according to the invention shall be discussed step by step. In fig.
1 there is shown as a substrate 1 of sem donductor material with
appropriate barrier |ayer upon which is deposited a |ayer 2 of conducting

mat eri al which can be any conducting terial, inorganic_a Il a rgani c
10 and amenabige 18 asplanafiew @%@cﬁﬁl‘tiiecfﬁnf?cﬁéfaffk%ﬁtorrﬁ@t@ﬁ@@ﬁl%géé\?ﬁ?%‘Ft ,08

dependi ng ORc¢AAINRES EhehresBAS Biventih WeththeichtRhes bexhdhLels Rhafwuabd y the

substrate is i]icon. Now the conducting.layer 2 is patterned by suitable
pat t er ni ng ?rﬁaﬁiléﬂl,n gl.eﬁt.mg/ﬁ%é@‘%tegﬁ&f Bﬁ‘r\%@FaI}i}nﬂ%oﬁ?‘iphy and subsequent

etching, into parallel strip-like first electrodes as shown in fig. 2a and
the plan vi efigofl4bi gcrass sebtiomkrqighcthei matrix brefigi déh taked abmgethschinede
added tosthedipstance d to the next electrode, will of course, be
dependent on an ‘applicable design rule and may correspond to a m ni nmum

process-constrained featyre size f, in.which ase,w.and d wi]l be about
equal , but t ‘*é?hl%l%tﬁe@af:%%ffﬁﬁgﬁ?ﬁ@e f‘bveb‘?’é%?’eﬁlﬁgbeQéﬁqyés%wsﬁpnlf%ﬁtelpar ger
than that of w. The patterning | eaves recesses 3 20 between the first

el ectrodes 2lmdigHothere ns shaywvn 2 a suhstracevl tdfessaniganduetor materiabwithe

el ectrodes 2, uhi G4 mgﬂ% i il ; ' | [ h
much snal | er apﬁg@}%ﬁg;}ra?ﬁmedt %@5’%‘ \Féfgi\?@r133@??@%%&25?/%13%:%{&5@%9?% )
thin-film banatenal whé¢h ganhemyesarshedingvaptariad, Morganie|ascypldeOrganify
down t@ t heagyhsddmibie lo sithbie de%@ﬁ%sn?ethJ@.ermgﬁbﬁfatkqwf,tda:pehaﬁﬁgs s

not 25 constrai ned by any design rule apd can, henge be very sngal actually

down' to  mon6AtBATEAErabKEYEHHS CAPRE Hatd Bﬁgleéquf:h rerfgaa&slxéﬁe subitritena

exposed ar easgjlRfont !Nb@liﬁékbﬁﬂ@ct_ln@@aye?@i@’pdtt‘erﬁbdl-by%uifi{b@e uﬁshgiﬁge 1is
reas to form

now, as shown ip fig. 4, doped.in thes exposed doped

fegi ons & i nMeBody e Pased an GhofomIcraLthoaTABRY @BARUPSFBHeTHIIEhing, gito

]gzl Ie?:t ronic Opafhll@l&@ripdﬂchlﬁtétcﬁlea]lqui\&d ? stiown tiy g, 2moardlicie plan \kieracl)tl‘ ﬁdg.
ol | owi prqce st.ep, . shown i id. 5, ,the recess are. now,fille
wthon D8P Br The il | 2R il ot B Bt bl BRRET T rfifRea i LA IS
el ectrodes 6nexeelechreddoped Hreassd bendé¢pemdenbshraat gpyilicablb desjigantuly andas
shown in fig,

Shoun 0 OGRS CTRISPLRT DB A, SRR,
grooves WO 084§:4602id BGTIINGO2b00BEeJualSbut there is of course nothing to prevent a
value of d much larger than that of w. The patterning leaves recesses 3
20 between the first electrodes 2 as shown in fig. 2a, and now these parallel
strip-like electrodes 2 which can be made very thin indeed, that is with height
h much smaller than their width w are covered as shown in fig. 3 by a
thin-film barrier layer 4 which extends over the first electrodes 2 and down
to the substrate 1 in the recesses 3. The barrier layer thickness is not
25 constrained by any design rule and can hence be very small, actually down to
monoatomic dimensions.

The bottoms of the recesses 3 will be exposed areas of the substrate 1 as
shown in fig. 3. The substrate 1 is now, as shown in fig. 4, doped in these
exposed areas to form doped regions 5 in the substrate 1 with a desired

30 conduction mode, e.g. electronic or n-type conduction or hole or p-type
conduction. In a following process step, shown in fig. 5, the recesses 3 are
now filled with a conducting material 6 to form second parallel strip-like
second electrodes 6 over the doped areas 5 in the substrate 1. Subsequently,
as shown in fig. 6, the barrier layer 4 is removed from the first electrodes 2

35 by any suitable process, e.g. etching, and leaving vertical channels or grooves



7 between the first and second el ectrodes 2;6. The undoped areas of the
substrate 1 will now be exposed at the bottom of the vertical channels 7,
and in aweasowd2topi ng step shown in fig. 7 the substrat edNaBes®7ar eas
is doped to formdoped regions 8 therein. Cbviously the dopant now will be
chosen so 5 that the substrate in the regidns 8 are doped to the e.g.

p-type conduction nDde if the regions 5 were doped to n-type conduction
node or vice _versa. en the vertical grooves or channels 7 are_then

filled with anbc?twuiébierfgrst pad spepndrgtestiosles 2;6.whhe pndoged @zeaspel teposi t ed
in a control kgBstpRteay Wit n@ﬁ%%o@éd%@@l@ébbtt@ﬁl astiil Phalcabnah®éls A%l

w th subsequent rem)va of 10 excess er and this harrier nm

shal | now, ofD&d§cend BE Stapes %Y%é%n?lkﬁ‘ %&@ Whstataiethesgseas ’csh(gc’l?fd!ped
regions 8 thep Q‘bfm caﬁ)eah@gﬁbnsns ﬂucﬁeuﬁ Obwou@netrfeodépam ﬁ@vﬂmﬂe&ﬁcﬁém ide
first el ctrglgles %\r}a «tarmv%g eavi n gcesi%s or fgem r}‘)%s bet ween t he
second ef ect HatfediesURSIATE Huthseiouns 8 a5 dpred fo Lhe &gy ity ‘quljiu OfThe
removal of tiheodd ifstheakgidnsotiesre dopaditaketybe ¢dmhietion Mode or vice versa.

phot om crolithography and etching and is followed by a third doping step

wher eby the F[%‘@n‘%@@?‘gﬂ gi”grdé@%’%‘?%h%h 88 Phrd ﬁf%nsﬁ'ﬁéé "v@lﬂ? aﬁ 1h§‘ulah'ﬂ§

openlngs 3 form oe regi ons strate
rendered in bagrlerlmatem@ 4-efhishse-g- mm be&ep@ég@@ na@ QUrlilérQilﬂ& Hpey S

conduct i on rr@@@eesls&dews ﬁ i g lé‘rﬁalrb%ghemgér%ﬂqgea deat@eﬂhwsl gpd with

the 20 regions 8 doped to p-type. This can course t he ot her way
ar ound. (ﬁ a CXeetsswatraal bawierpnatesiali4 shalbnaw Pé&@!&‘r% €osithe

{ﬁgegeraéI ed aﬁed%WWhel Jhtbﬁfﬂags lgib![ové thy d%p@&'ﬂé i‘dnlsls ﬂgrlélﬁegggﬂamgﬁlrg ragf\e/e
e doped re in.the substra i i
Conducti ng. mih &bt SPUORER Progis ﬁt%b‘%’érﬁtﬁi‘?ﬁé &S DATCRIRAYE a1y case
it fshoulbfl bgrm&;ﬁf?ﬁoﬂgﬁhﬁf Q%dtﬁeéﬁaﬁe sé@cﬁd lfﬂlélelcg}-@d@%esgl?t:;ﬁﬁdmer "
preferably be used for e fi apd_secon F rades e regu ing
structure i s OO 8 SBPER ’\?1 Pl pf gempvphol G Wrstelgstrodese? SaBdakfat t he
first abfl septaut ley eq. rpcbxd;e«smﬁ:rbha;tpogr@ph?rahdo&tchgllgl aﬂbrsdﬁﬂl(ﬁv]ed Eydtonhﬁtﬂ
regions 5, 8 .1n trate 1 can form par e Sstri i n ery
cl gsel y spac3885%?%§e\5ﬁ§‘%§ya{ﬁﬁ%g%§§P%scF Saqc@gg@gﬁiaﬁ?siqﬁ%ﬁ SQ%F&QEF )/é? or
structure. Thee opammegls 3’engt be dopedéo fohm diipetlargeorse? wetne sulgstrate asour ce

el ectrode 2 ?é}gd&eg 1ﬁ“ elldaqtﬂ’ 1% on%é'vglll[‘hé‘dgh%d?g?lféﬁgwgﬂnglaqgrr' er |ayer

4 of course spans stra an be nmade
extrenely sh@ondu@t\mm el, lbenotwpm ihithé fegonslésarcetbpeldetoaugﬂmam&wuklnﬁs&s b

of thez@arr;ré;@gg@%sﬁ r#efﬁ%%‘ff?e ffﬁ@@anp&o&ﬁﬁ%efﬁ’%tl%em% 51%“ Ina

extrenely th er material, and F0Cess nee
constrai ned BYDsAepent pEpeass sStapethel ﬁrﬁ@l@@mdq{srﬂfmmr@&m@m@dw shasgniim t he

art that it g l11R&y simply filling the openings 3’ above the doped regions 9 in the
substrate 1 with a thin film of an appropriate conducting material which
again may be inorganic or organic. In any case it should be understood that
25 the same conducting material will preferably be used for the first and second
electrodes 2;6. The resulting structure is shown in plan view in fig. 11b.

Now it will be seen that the first and second electrodes 2 resp. 6 contacting
appropriately doped regions 5, 8, 9 in the substrate 1 can form parallel
strip-like and very closely spaced source and drain electrodes respectively in
30 a transistor structure. The channel length L, i.e. the distance between e.g. a
source electrode 2 and a drain electrode 4 (fig. 11a), beneath the barrier layer
4 of course spans the doped regions 8 in the substrate and can be made
extremely short, even well below 1 nm if so desired, because a thickness & of
the barrier layer 4 derives from a process for depositing of an extremely thin
35 film of barrier material, and this process need not be constrained by any
design rule. It is well-known to persons skilled in the art that it will be



WO 03/ 046921 PCT/ NO02/ 00397 6 possible to deposit such barrier |layers even
as nonoatom c | ayers, as nentioned above. The channel length 1 in the
transi st owodBnweeur e nade by the nethod accordi ng to thePCmaami003®7hence
can be alnost arbitrarily small and this is as will be seen, an extrenely
desirable property in e.g. field-effect 56t ransistors. Also the top surface
of the source and drain el ectrodes 2,6 is provided with barrier |ayer 4
such that the el ectrodes 2;6 i fase are nut ual Ig{?l nsul ated and their

top surf acespossKewitoedanosifisich aragr Ay CLH EXAN 25 TR0 Y H obal
| ayer of anotbgfiohBi AbbiveNTAL cRinselndugth hin ﬂﬁ&anahtdrstﬂ&pmﬁ made dlyothe t he

10 globally applied barrier t he | aye an rned
to form gat@e&%@?%&ngﬁo El}%r&vpgﬂgpg}e&ceﬁp ‘-‘t%%%s r%laﬁ%ﬁytbsﬁn Hl“agnﬁ
accordi ng t othi§ fead MR @en, bh exiaintelpelasirdbles pomprtrtyhint ¢ ghéichdedtdct

pat t er ni ng of the gate electrodes can take pl ace with process steps
simlar>to tHARYSKE’d for forni ng the first and second el ectrodes 2;6, and

t he various process steps then will 15 epi,cted in.fi 1, 2a,
3 and 5. A vAlso thenop puface of e sparee a@ﬁgé gtr@ ggré FeProy 1 %flél ned,

and since evﬁ£r¥1e§qﬁ§’§ld4 Qfich I@ﬁatgﬁé%le&hﬁfésrl’@eiﬁ 23 cdﬁ%ctﬁelrﬂualaﬂ)l@ztlhenmtﬂg
step which e

based hot o i tho &sﬁ)equerl
et chi ng bef o@léd thyipsop ﬁhﬁfa&e%hk?‘é{bﬂeems ? S I P"P i/rhf 3? 0¥ &6 OPr% i es
tﬂat the obt giy ealalffan@tmrtﬁhpmmofo bﬂ@oﬁ@ﬁﬁlﬁ@n&itmhr ddepositeld dboveubgect to

€ sane cons]j ratlo in n 0 e

first dfd se8 r@f ay§le egd?fle :l@'er ?%f‘&f“plg%gﬁﬁg %{Eif]é)tfotrérp
make the Sepg&@t&egﬁbﬂeﬁbﬁﬂid ﬁd@ﬁstb@ stduchuidisfriedé by theimitthed\wecardinghtps in
turnirrplies that the s nS|st t b t hod
accordi ng t othehivieRboR: f@ﬂ’a@gﬁ ﬁ@&%ocgnhf% tbgfdywnag% [@gﬁeg %%Mé 4t
wi dt h/ channetlecemdie caattaks plde. wAh pmebésskstopmsmllmetcsmeslscdlf@d forminge
art it is hjgh esjrable to .h he
drain curr eh&" *étc?é"éfe?%gngnel?%f@a/ersa% {1 ﬁ%%ﬁ@ﬁéf %%ﬁferng%llgol t age
and a ¥ ocesfinfarthosd depicldium figanuhibia, banédvénva@e@ewﬁrp%@rbmfﬂaﬁ@d with
transistors gﬁeggﬁo,?%ﬁll Poarihe tﬁ?ﬂ?ﬂa‘iﬁ?& ddﬂ?ﬂsfn@etek}?s)%@&ﬁﬂtof fheepdteon.  For

i nst ance, g ‘spee Fansi St or s dependent on vari ous
factors, but etdcerq@esrmeynfstermca paternipgsterevhichie e centy ##€dei t chi ng

speed wi || beythe, (S afcy@bﬁﬁa"%ﬁﬂs rﬁfent%@é}{lﬁ b%'f@redﬂﬂjld!slﬁhg%tsﬁﬁ%‘ie as

t he charge c rrlers nee to cove this st ance ot her
words, the shemierlayhe thisebeewse imphiesithat de obiainablg dimensions of e Bl

20 electrodes will be subject to the same considerations as made in connection
with the dimensions of the first and second electrodes 2,6. Hence it is
entirely possible that to make the separate gate electrodes 10 with differing
widths W, and this in turn implies that the separate transistor structures made
by the method according to the invention can be made with varying channel

25 width/channel length ratios W/L. As well-known to persons skilled in the art
it is highly desirable to have a large W/L as the magnitude of the drain
current I depends on this ratio times the effective control voltage and a

process parameter.

Thus a number of advantages can be obtained with transistors made by the

30 method according to the present invention. For instance, the switching speed
of the transistors is dependent on various factors, but the primary structural
parameter affecting the switching speed will be the distance L between the
source and drain electrodes as the charge carriers need a certain time to cover
this distance. In other words, the shorter the distance L, the faster, ceteris

35 paribus, the switching speed. Prior art solutions and present day technology
will be limited by present process-constrained minimum feature sizes, which



35 paribus, the switching speed. Prior art solutions and present day
technology wll be limted by present process-constrained mninmmfeature
si zes, WWON3MB908/ 046921 PCT/ NC02/ 00397 7 in case of e.®@CTING8/00397

l'i thography inplies a mninmum 180 nm chanpel length. Wile a |ithography
conform ng to present day standards still Twill be used in the el ectrode
patterning step, it will be seen that the method according to the present

i nvention actually alloms a redyction in the channel I for

i nstance mudh ¢as§Tihgn04d pm I tjgo ‘Hg])bgpp 163 aIIQVBPIW|I<§EH§ESCh58$1 course is
not constrai 1@@@&’9%% Qﬁ%@abh&%onﬁbmﬁlﬂnfglt@ prkébntl daynstahdbedsstdh wiHahe i f
the wwdth Wof "a g

th will be
limted dowrMeSdding etﬂ@"@@é?@ﬁttf:m’ag SB*?P:t ﬁ&'ll)lr}%t ﬁa%lélegl?é;?esﬁ%%sed to form
this parti cul@orgirgcto ﬂféeprekblﬂ gﬂbﬂtlfbﬁ aebeadty mﬂewsfaomﬂmdtmn ia th@uﬂh@nngl step
simlar tothatsownln dhe c
their act ual et II[jr i £ lf}é{agae 5?/“‘31 l’ﬁt?ﬁﬁﬁ A@r engs?sﬁlb %519?&% 1‘3‘{%{;@%{00 t he
barrier |ayesf dolstVieeant chasigaimeddyeaty delsgnjmle before filling in the
additional electrode material in the recess between the already patterned

strip-like gﬁcﬁn%igcmwﬁ%n beResn tﬁéitrlf@H@WdﬁﬁW@(ﬂ te eléctﬁcbda&;t rode in
the transistor str ate

el ectrodes S@OItrﬁﬁftorﬁlgégP 2’5‘? %{%IM %"HW%W)‘IH%Y ﬂ’é’?r‘ﬁéo g'bet QFﬁéa fule

Consequent | yopiife ?zittéﬂi‘x@n $bcdsIRBEL fwtfoﬁﬁnhtﬁ parmi‘cuﬂéneeleetrbdel, thecgatdi ng to
t he present I hven he poss

I t h h

bet weenl theel(?ﬁgﬁﬁéﬁ e IWamBu ‘ﬁl I ﬂé‘?l T rt?’ﬁ Eﬂgwh I ftrlie?tc%lggitl P
ratio WL 20fdm|h1g@ the dlemesde 6nﬁmh |yt}&wte ttef mu@lawadtht‘é’r adjalsteldtb)asmplat ed

r e or t rai rren oyer nt
Tventi on shirresinedfic thickke PRI BriS AT L bERye D IR YRE el o B
transi stors. b&fage filling inl theeaddprissalldlectrodé atatenal m ﬁtermtew betwednddst i cal
field-effect t t Lt | ued
for sel ect e ety REEFTETppafiE TR R HBHES HenCltrob el B i e
just thes sarreletctnodshnlthe\tmrtsasjer WIFp ctulpematiifxf i veihk n@‘efrbfemssélalﬁai@l farm es,
coul d be faby] él?&r%;{@&kﬁﬁr‘??a Pc%?srgg far ugé vs)’i‘dtﬂsﬁﬁ S&!Qb@uﬁ@d use

di fferent vag ues aln curr
obt ained | n %é&@%@#&aﬁ 1k ThE i EROBER Ao GF W Lok P ? @caﬁa@éﬁt 30
day technol Oﬁh/e pRisenfrBRAER AN ¥ tﬁé@@s@ﬁbﬁlﬁmﬁ’@oﬂwllmgStheWeﬂ:itlmrménprbemmn
e on, i e SR E e T RO S |,
the aspg@t which is a very important design parameter as it as stated serves as a scale
factor for the drain current Ip. Moreover, the present invention shall allow
for the fabrication of every type of field-effect transistors. Also it will be
possible to fabricate structurally identical field-effect transistors on the same
substrate, but with adjusted valued for selected design parameters. For
25 instance two or more MOSFETS having just the same threshold voltage Vr,
but different current capabilities, could be fabricated on the same substrate as
it will be possible to use different values for W/L. High values for the drain
current Ip, for instance in the range of several milliamperes, can of course,
only be obtained in transistors with a high aspect ratio/W/L and with present
30 day technology this means very area-consuming devices. With the present
invention, the aspect ratio W/L can be chosen almost arbitrarily large without
occupying a prohibitive amount of real estate. It is observed that the aspect
ratio W/L can be increased to provide any desired current level, but in
present day technology this implies an increased gate area and a
35 corresponding increase in the device capacitance, which adversely shall
affect the switching speed of the transistor, limiting e.g. prior art MOSFETs



ratio WL can be increased to provide any desired current |level, but in
present day technology this inplies an increased gate area and a 35

corr esporaong/oiaser ease i n the devi ce capacitance, whi ch adecemnamkpodhal
affect the switching speed of the transistor, limting e.g. prior art
MOSFETs WO 03/ 046921 PCT/ NO02/ 00397 8 togaspects ratio WL not nuch higher
than 10. Such adverse aspects are all renpved by fabricating the

transistors with the use_of the nethod ac or ' 0 he resent ntion.
Al t hough théopas@leéFSr’@dl%Wédﬁl?Fe‘i‘wcﬁlhéglﬁﬁf Gan; '?Sf{'lé:thp?% ﬁ@’epcéﬁét@r{ﬁes on
5 the use Ofre%%%%ta;(%&hcm@g qwﬁa@élstdr@@vlalpmh@uamdfem@maugoqmaocesheg for
t he patternl n%ﬁof el ectrode structures, it is to be understood that the

met hod of theraeaeht inY¢BHPRon equal |y wel | can be realized with the use
of nore SOphI sticated patterning processes, i ncI udi ng soft |ithography and
the use of Adthonghitbgmapfiireed embedynent é@clés&} iBahg IBECeENE PARGPLESf

pr oduci ;Bgat hﬁiejlg)sed(?isb(’h‘f\gerﬁﬁﬁfa?[rnﬁ%ro Hbt@hﬂ?d rbﬁhf?:bér?d Btc%xflg'b%’tﬁ{sséﬁﬁbtcﬂlleon

in the ture sizes I's a ossi b ‘%/An 13 t r.oode
patterns by paiteraing ofelentrofy StreciHFRs é‘g&ﬁ tOShR:H“%‘FrSFﬂ Qiattéla%mﬁt § %fan be
perforned ref (;Qé V%&Qrs-gﬁ't ﬁﬁeﬁﬁbh%uaﬂ?%@l’l 'c'ﬁh'H%gretahQ%dlvﬁltE thé @BéE by nli)@ﬂeng

devel oped an that™ e. el ec rns c uId be obta
with a feat u$@lush@af§dmﬂt@1rnw0€65% Spcgf\[t/i!ﬁh 58

ELLL”nteP' Congr i AAOBrAH 10fs SALH o9 hm @‘ci’é‘?'m‘@??{‘?;‘?d?”“‘gn%n

Mor eoveld t h@esrifé‘?t(f@ﬂtt%@opﬂioﬁ rttS qtﬁglq ﬁ?@ﬁﬁ%ﬁ“ﬁ%ﬁﬁ’ B&thﬁﬁ ?QLHFeSI%?‘nsol ce of

ggdi:'z) i Olr]ai:afg’?iélggwg?)% g e Q. 1ayn‘ﬁqgrdmdnh@ﬂqctﬁdc&ppata¢mevbyf misang af pomtuofg nor e

i ircuit, structure e sa C

rmdesrrpand deshgn %ﬁyne%’rk‘immd’é%%%cgmé)i?@é%ﬁ SE%F@‘E‘F“‘? ﬁqg‘;&E@U éd

t ait I olr 8pecn£m@pxﬁmﬁg thit 1Is|(§ﬂrﬁbmlyf Immgtdeanei;mpﬂcbalsd wmlderr@diyi’tlnatmgl

interlayers ¢ Qsite ina
y g@gbrlogie p(f&f OyE gcoul de bs%J 8})%%?% %\fitﬁ Eafgﬁfu%% mt%ﬂ§ﬁ)‘ilx JEIBHhES

matri x- addr e Irentary stor circuits. It
is evident thamme.oy.cv2h lpss winsomparabée ﬁdmnﬁn@l{tmssss m@tthﬂnSebe daidviove
transi stor structure i aRsmetthd nst ead
repl aced by VA %l%e gg&%%r&lgggéég@@gel l%Pgefga%éﬁ%%é.'g’t‘ﬂf n-film

t echnol ogy, fAocordnsg émelee mesingtosr s or i nterconnect |ines, thus providing
for nore conplicated circuitry in conplete integration with the original

transi stor spsebYeESthasmemed adcbhdinbeaormthademion 3dbultidypsatdie choienof on.
additional post-processing or intermediary steps allow fabrication of more

20 complicated circuit structures on the same substrate, as conducting modes
and design dimensions can be selected as appropriate and used to tailor
specific types of field-effect transistors, while additional interlayers can be
deposited e.g. to make transistor-based memories in a matrix-addressable
array or to form complimentary transistor circuits. It is evident that e.g.

25 portions of the transistor structures or whole transistor structures could be
removed in e.g. etching steps and instead replaced by various passive
components formed by e.g. thin-film technology, for instance resistors or
interconnect lines, thus providing for more complicated circuitry in complete
integration with the original transistor structures as made with the method of

30 the present invention.



WO 03/ 046921 PCT/ NO02/00397 9 CLAIMS 1. A nethod for nmaking transistors
with ultrashort channel |engths, the method conprising the foll ow ng
steps: a)Woeposisei ng a conducting material on a substrat e Pofi/NrziocedAduct or
S material, b) patterning the conducting material into parallel strip-like
first electrodes, with a pitch determ ned by an applicable design rule and
| eaving exposed strip-like areas of the substrate between the first
el ectrodes, cﬁ depositing a barrier |ayer covering the first el ectrodes
down to the ChélMbBstrate, d) doping the substrate in the exposed areas
t hereof, e) depositing a conducting material over the doped areas of the
fS;.IbStI’&tQ, thﬁs LArmbﬁg)(bﬁnahhkingsﬂraﬂlqjsﬂdrkWiﬁeuhn@ﬁwrb@hﬁméeﬁg@ﬁe%ve,
renoving t rrier. | i first electrodes, |leaving 15
verti cal chalﬁﬁgl?%f%%@ﬁl&il_’%%aeogﬂy Qiﬁsettegﬁdoped areas of the sub trgte
between the firstaadepesiengeconmdlustiogimatesinl am a gebstryetHScEULnRAUt Qi n t he
exposed @r gaﬁla‘é}ggleof at the bottomof the channels, h) filling the
channels witha bafrier material, 20.i) remv n% t he fli rst. el.ectrodes,
| eavi ng openi ngs bepakemisgdengonducting srieriahmte,pasal ﬂg“‘éipglé%e brlrStt he
substrate ! Nefehthusenitld pfleRidtifife@oneipplieaic desidienduhntiiabeingn the

openi ngs where t 1rst ectrodes havé been renpved, eppsiting a
conducti ng nexRrsed strip-kike a(ﬁi’érﬁ’frfg§ SP@SY’réEfeh%tﬁ"éﬁeé‘%ﬁeﬁrsﬁgefcig?cgﬁsel ectg'.J r odes,
whereby an el ectr @ﬁ@eﬂ)@éiﬁhéchf bARRE 0xy ered Bleyirgatial fiwdt dll éctrxbesaddveh to the
strip-like first and second el ectrodes are obtained, interfacing the doped
subst r atke anﬁ}l@éﬁﬁﬁat ed by an arbitrarily thin layer of barrier material

olnl yi sgch thgtt’:]b}edbbriz‘gt}@l ﬁﬂistr@g@m tianegpddedrareandidreaf,e source or drain
el ectrodes an e. second el ectr s correspondi r.ai ce 30

el ectrodes of traﬁ%ﬁ%?%srlgggr%%‘?llfﬁ? {ngaglaf]egb no&geieﬁgg%ryﬁiogﬁe ag%)%g(r)\f%sed in
tlhe tdogl ng §%l§35?ﬁate,1ﬁhtﬂeﬁ@®ﬁiilﬁfg @%rearelisnspnﬂté ser dvalr elicetrotley trerosteove, he

el ectrodes an separatin arrier. | . j b t duct i
material on the tbb'BROYIRE tbgg}qu@?r }aa{%rc?))(/%flﬁg tm} fﬁ%PQ%cHo’&%s, Q%Vﬁ% Hening

15 vertical channels extending down to the undoped areas of the substrate

between the first and the second electrodes,
g) doping the substrate in the exposed areas thereof at the bottom of
the channels,
h) filling the channels with a barrier material,
20 i) removing the first electrodes, leaving openings between second
electrodes and exposing areas of the substrate therebetween,
j) doping the exposed areas of the substrate in the openings where the
first electrodes have been removed,
k) depositing a conducting material in the openings to regenerate the
25 first electrodes, whereby an electrode layer of approximately equal-width
parallel strip-like first and second electrodes are obtained, interfacing the
doped substrate and separated by an arbitrarily thin layer of barrier material
only, such that the first electrodes now either constitute source or drain
electrodes and the second electrodes correspondingly drain or source
30 electrodes of transistor structures, as dependent on the dopants used in the
doping steps,
1) depositing an insulating barrier layer over the electrodes and the
separating barrier layers,
m) depositing the conducting material on the top of the barrier layer,
35 and
n) patterning the conducting material to form parallel strip-like gate
electrodes oriented crosswise to the source and drain electrodes, whereby a



35 and n) patterning the conducting material to formparallel strip-1like
gate electrodes oriented crosswise to the source and drain el ectrodes,
wher eby aw0@308/9046921 PCT/ NO02/ 00397 10 matrix of fi el dreftnamR/o03vansi st or
structures are obtained with very short channel length and arbitrarily

| arge channel width, the latter as given b@/ the gate electrode patterned.
2. A nmethod according to claiml, 5 characterized by the conducting
material being a netal. 3. A nmethod accordi ngﬁ}t@g claim.l, charac&eri zed by

the conduct i mgtmao§field-eféesidransiser siugturss abs garaired Yt yFQi skt et er abl y
a pol ynmer or ol YeRsthieaitMrarify 1AAgsRhaAHe bwtdthd g ldtrercsadimed bylthe
characterized by using photom crol’ithography in the patterning steps. 5. A
met hod accor 8AEEleefref@aPaiterncdnar act eri zed by using non-1ithographic tools,
in the patterning steps. 6. A nmethod according to claim1, characterized
by renovi ng 2he bArmiegrod agardingmth) okaimhb el ectrodes by means 15 of

etching.. 7. ' j ; L8GtktAed by form ng the
thin-fi I5rr1 t h@?f{%g{r.é??lee?cﬁgygér @%&%t@ﬁ@%}%@%megosi tlton process. 8. A

met hod according to claim 1, 20 characterized by formng the thin-filmthin
barrier |aye? by Spmgih ?Cc‘g.%lr)ﬂg Fﬁa?ﬁb@ ir;tccor ding to claim1, characterized
by perfor m nghidaetdratddey tigcdydwransmaterédldiding selebfed As artonganiaccor di ng

to claim1, characterized by se]ecting th i et or substrate materi al
as silicon. Maer{al, PAe‘rz?éWP BRI ?{gccfpooqgﬁ%lmrrnﬁ%?g% ar act eri zed by
dividing up the matrix of transistor structures as appropriate to form

i ndi vi dual f#el d- & method peerydéngiaclaime]l y cuits of nore than one

transi sipr ofnifikriddiyy Aing photomicrolithography in the patterning steps.

5. A method according to claim 1,
characterized by using non-lithographic tools, in the patterning steps.

6. A method according to claim 1,
characterized by removing the barrier layers and/or the electrodes by means
15 of etching.

7. A method according to claim 1,
characterized by forming the thin-film/thin barrier layer by a selective
deposition process.

8. A method according to claim 1,
20 characterized by forming the thin-film/thin barrier layer by spraying.

9. A method according to claim 1,
characterized by performing the patterning by means of etching.

10. A method according to claim 1,
characterized by selecting the semiconductor substrate material as silicon.

25 11. A method according to claim 1,
characterized by dividing up the matrix of transistor structures as appropriate
to form individual field-effect transistors or circuits of more than one
transistor of this kind.

30



