WO 03/ 019671 PCT/ US02/ 28265 Vertical Dual Gate Field Effect Transistor
Technical Field 5 The present invention generally relates to high

per f or manw® Wioeded1 ef fect transistors suitable for extrenm@lop/usogbs2density
sem conductor integrated circuits and, nore particularly, to dual gate
field effect transistors having the source and drain |ocated one above the
ot her and ot her sem conductor 10 devi ces havi ng borderl ess contacts.
Background Art 15 Field effect transistors have been known for a nunber of
years and are now the transistor of choice for use in conplex integrated

digital circuit for al| ut  the t,Strin of, uigh frequency

requi rements. In gener\éﬂﬁpﬁéllﬂuéﬁetetﬁ"p!tagég S?E%ﬂsb%te(ﬂabri cated
somewhat nore sinply and with | arger process w ndows than bipol ar
transistors and, additionally, allow sinplified circuit and 20 device
design. As demands for higher digital sw tching perfornmance have increased,
as well as demands for increased functionality and econony of manufacture,
const r ai ntlechnicabRigldt or footprint size (and, hence, current-carrying
capacity) 25 have also increased. Further, to reduce power dissipation
requitenents as nore transistors are placed within a given chip space and
swi t chi ng and/ fi i i i } tfi ed
vol t ages has bgg?le Ek%%lﬂtrig\g:ghlﬁcggr%?‘leﬁ%ﬁ%ké]‘réggﬁggi%tgpg gg‘e(h?ehr?gsﬁ?gc%fg}ﬁce
oper at i ng transjister s\ 616 1o 6 extre@Te | Y$0gh 28265y eraitdnchictal fritegeated i n

resi stance between the on and off s%at es of éﬂgk} gﬁnsi tor

circuits and, more particularly, to dual gat ect ?ransistors having the
source and drain located one above the other and other semiconductor

10 devices having borderless contacts.

Background Art

15 Field effect transistors have been known for a number of years and are
now the transistor of choicle for use in complex integrated digital circuit for all
but the most stringent of high frequency requirements. In general, field effect
transistors can be fabricated somewhat more simply and with larger process
windows than bipolar transistors and, additionally, allow simplified circuit and

20 device design.

As demands for higher digital switching performance have increased, as
well as demands for increased functionality and economy of manufacture,
constraints on transistor footprint size (and, hence, current-carrying capacity)

25 have also increased. Further, to reduce power dissipation requirements as
more transistors are placed within a given chip space and switching and/or
clock frequencies are increased, operation at decreased voltages has been

required. Operation at reduced voltage tends to reduce operating margins



This effect is due to the reduced ability to control depletion at greater

di stances fromthe gate dielectric within the conduction channel wth
reduced wolWagwst 5 Therefore, there has been recent i ntecamisor/eszksel d
effect transistor designs which inclade gate el ectrodes on opposite sides
of or fully or partially surrounding the conduction channel. Further, from
the standpoints of both performance and circuit design and functionality,

it has beepd ﬂﬁ’é‘@iﬁ@re‘ﬁ%e"iijrr%sﬂs‘%aﬁéé ipedRbén tRe RNCHHA R Satéd bt ﬁﬁ?'&tarﬁeé%tfoﬁges

to be applied to separated gate structures on opposite sides o
conduct i onribasffeet .is dusetcethe pediviedi algilidpdomontooledepiet ost atugteates on
opposi ng surfaces 'of the conduction channel or even a single gate

st ruct ur e EgtEK@SHOBhthE gats afﬂlectrfswétihﬂé§h%1c°ﬂﬁ|é’CE‘@H@‘EJ@W%H V&'ﬁ'&ﬁﬁ@!"ced

i nplies i N d structural conplexity of the transistor. This increased
conpl exi ty carmotf al ways be achi eved at sizes the sanme as or smaller than
conveptional field effect transistors. For exanple, several successful
desi gns have been recently achieved using a vertical fin as a conduction
channel with gathersforgstthpeshas Heevagcent iteresdtiarfigldsefirat traesistar. 20

However, the. | on h_] [ Al ' ce
et A RRO AT AR e BRI boBate I gt R Bl Battafy
sub- 1 i t hoog apbifdFigZBfe cORddctisABIHahel. h&DrtHe, frop®thé istan@boinkte of both
|'i thography tool used for resist patterning exposures to form other
st ruct ur esperfotmanoarans einduidrdgshigmasd fuactiomasity, st Ihassegeir iauwnd 1o b veary
gate structur.e: .increasing.at lgast, one 25 di nensign t he transistor
Poot g1 nt - oRifaRledRabIey B8 siec e RbLPaRARES Fe R pri te SPRatUREEate
resol uti ofsiphictr8diR1bpBOSHEiddd BPHARBALEGLA chiaipd) as phase- shi ft masks,
can only form Teatures of closed geonetric shape. This limtation often
requires an
However, providing one or more gate structures on opposing surfaces of
the conduction channel or even a single gate structure extending on different
15 sides of the conduction channel implies increased structural complexity of the
transistor. This increased complexity cannot always be achieved at sizes the
same as or smaller than conventional field effect transistors. For example,
several successful designs have been recently achieved using a vertical fin as a
conduction channel with gate structures disposed on the lateral sides thereof.
20 However, the conduction path is substantially parallel to the chip surface and,
while the designs allow some structures to be formed at sub-lithographic sizes
(e.g. smaller than the resolution of the lithography tool used for resist
patterning exposures to form other structures), the source and drain must be
physically separated from the gate structure; increasing at least one

25 dimension of the transistor footprint.

Additionally, some lithographic techniques to increase resolution of
radiant energy lithography tools, such as phase-shift masks, can only form

features of closed geometric shape. This limitation often requires an



WO 03/ 019671 PCT/ US02/ 28265 3 additional "trimm ng" process to establish,
for exanple, channel length of transistors and generally conprom ses the
ability twomajomdeai n ti ght control thereof. 5 Further, duecrwsoesbssic
nature of |ithography and sem conductdr processes, it has been an al nost
uni versal practice to configure field effect transistors such that the
conduction channel extends substantially parallel to the chip surface.

VWhile fiel £ " L.t d,iLArthenry, ont.i ave the
conduct i orfiikRel “EHES B ER s B ep nereliiofer EhapHEP fnetf
surface (ergnsisveristaridigenérallypsomppbattes the abliitgrio maintads tighedmromat i on
of connections to the source, drain and gate of the transistor are made
much noréherédficult in designs proposed to date; reducing manufacturing

yield and consum ng substantial chip space as well|l as greatly increasing
process conplexity. 15 Disclosure of Invention It is therefore an object

of the present FuNREL QI t® tRE PUisitenatdrecddittbiesihy aAdtsernidiopdectdavi ng
dual and potentially independent gate structures of reduced footprint and

whi ch can frecessésbit hakdrenrdantaliagh Univergabpragticiets configyre fels ptieely a

vertically extendin onduction channel . It i not.her ,obj ect ,,of th

i nventi on tﬂ'@”?}'rsg@riso%‘%' ﬁ@é{q ttl'@a‘f%n%(f' ?'3éfhaPngﬂxateﬁ]gsesf%besglfmﬁﬁg}ﬁﬂag?@?l thi ch

can be rel h@bﬁ% f a fibl P EBECRAENEIsEBrs LA IRYNAtthesrdaRstsNfifred

di fferent ﬁ It Iﬁgrﬁg%'tg\@ﬁdues. I(t; I sna Sf u';st her %lglloj ect oy? the i n%bént_i on

to provi detcahaes the abntiuetidnedtiautel extems isabstardes lygpergdnsiculgr dorthectiypt o

be conveniently nade to the source, . .

10 surface (e.g. "vertlcally'ﬁ, as a practical matter, at least the formation of

connections to the source, drain and gate of the transistor are made much
more difficult in designs proposed to date; reducing manufacturing yield and
consuming substantial chip space as well as greatly increasing process
complexity.

15

Disclosure of Invention

It is therefore an object of the present invention to provide a field effect
20 transistor having dual and potentially independent gate structures of reduced
footprint and which can be reliably formed at high integration density by

providing a vertically extending conduction channel.

It is another object of the invention to provide a dual gate vertical field
25 effect transistor which can be reliably formed at small size and high

integration density by different lithographic techniques.

[t is a further object of the invention to provide a vertical field effect

transistor design allowing contacts to be conveniently made to the source,



WO 03/ 019671 PCT/ US02/ 28265 4 gate and drain thereof whereby the contact
to the lower diffusion is borderless to the gate. In order to acconplish
t hese andwoti@ideebj ects of the invention, a 5 vertical fi @lcd/Ehi/esws
transistor is provided including a sed conductor pillar conduction
channel, gate electrodes in trenches adjacent the sem conductor pillar, a
| ayer of insulator adjacent the gate el ectrodes and opposite the

sem condugd Qe id H?‘él Hetle héréfﬂ} & n e té%ﬂbqeﬂélﬂ'%ﬁﬁusﬁh'Ikeﬁor@éﬂ‘é%st he

gate electtodes int e trenc I'nsul ator material in the trenches above
the 10 gatte thleegdteodes and adj acent the sidewalls, the insulator nateri al
being selectively etchable relative to the si dewal | s and the sem conduct or
pillar. In accordance wth another aspect of the invention, an integrated

I ] e e

transistor 15 | str ver rahsi stors

formesl at Jdrical fiarRbefeor tﬁa@n@?étbpwpﬂﬂﬂdbd\lhﬁmcﬁn%d sergli enidyster plilact ur e
formed in a trench, a layer of insulator materi in the trench bet ween

the i sol atGQﬂdLmitCé“r thanas gattﬁ@l@@‘x@d@s st trengbestadiaceniethe pemicuIduGion

t I I I h
materi ol dileE S e Bstitel e e eyt bCuhOBa AR LpBoutHR ™
i nsul at or é@ﬁ@on@%téhﬁﬂleﬁ@s@démIsf@&lféfdeﬁlt théRepficohdanes pilldh abdver theer
aspect of the invention, a nethod maki ng a sem conduct or device

i ncl udi ng gateietediretitadn thleatnemcshezsr, msulpfc@ﬂ/n’taidrlal e ithel itrenahes @b afe ther mi ng
2 ST) SOMUWSL A BbIL A St LIE LS DO 8L AsPubi Fibter T efhir
oA Sy AEASSE NN B IBLEN Shooh B afady panc
In accordance with another aspect of the invention, an integrated circuit
device is provided including isolation material surrounding transistor
15 locations in a substrate, vertical field effect transistors formed at the
transistor locations and having a gate electrode structure formed in a trench,
a layer of insulator material in the trench between the isolation material and
the gate electrode structure, the isolation material being selectively etchable
relative to the layer of insulator material and a contact opening formed along

20 an interface of the insulator layer and the isolation material.

In accordance with a further aspect of the invention, a method of
making a semiconductor device including a field effect transistor is provided
including steps of forming a semiconductor pillar in a trench in a body of a

25 first insulating material, the trench extending to a layer of semiconductor
material, forming a layer of a second insulating material on walls of the
trench, and etching a contact opening to the semiconductor material through
the first insulating material selectively and adjacent to the second insulating

material.



the first insulating material selectively and adjacent to the second
insulating material. WO 03/019671 PCT/ US02/ 28265 5 In accordance with yet
anot her awpastoisiiit he i nvention, a transistor is provi dedcaagee®Echng a
substrate, a first diffusion, a second diffusion above the first

di ffusion, a channel extending vertically between the first diffusion and
the second diffusion, a gate structure extending on at | east one side of

the 5 channel, ﬁ‘f‘é’%e r%%tc%%t@feftg ofthérsgsq%étrﬁﬂh%nm%hﬁ%h' %Sﬁaﬁgsw i gate

structure. Brief scription foregoi ng and ot

obj ects, gsmoveded aochpdyingt agabsivate, dverﬁedtfmsnomnaieesondd:hﬂusmm aleove the
follow ng detajled description of a preferred enbodi rr%&t of the invention
with ref erféist ditfgsione agehsnnesexterding verticatlymefwmess g firsi dlifHaionande

pl an and S i f
formati onc%l% ée(?ﬁ;tf gﬂ-ﬂﬂf'g}ét g\tgo‘at%s dg[ﬁé ﬁggéc/ncddp é)nr@gﬂé%# oq{%ghlggc\?;fentl on,
Fi gur es 2Ashathel26nd3corbact3e th‘b“ﬁrs%ﬁjifféﬁlorﬁﬁord'&leﬁ&o §did §&e Atuctlhe. 20
7B, 7C, 8A, 8B, SC, 9A 9B, 9C, 10A, 10B, 10C, 11A 11B, 11C, 12A, 12B,
12C, 13A, 13B, 13C, 14A, 14B, 14C, 15A, 15B, 15C, 16A, 16B, 16C, 17A, 17B,
17C, 18A, 18B, 18C, 19A, 19B, 19C, 20A, 20B, 20C, 21A, 21B, 21C, 22A, 22B,
22C, 23A, 23B, 23C, 24A, 24B and 24C are plan and cross- sectional views of
internediate stages in the formation of a transistor in 25 accordance with
a first enbodi mrent of the invention, and Figures 25A, 25B, 25C, 26A, 26B,
26C, 27A, BrB ri of S awid 29A, 29B, 29C, 30A, 30B, 30C, 31A, 31B,
31C, 1E)),ZA, 32B, 32C, 33A, 33B,
The foregoing and other objects, aspects and advantages will be better
understood from the following detailed description of a preferred embodiment

of the invention with reference to the drawings, in which:

15 Figures 1A, 1B and 1C are plan and cross-sectional views, respectively,
of an initial stage of formation of a field effect transistor in accordance with

the invention,

Figures 2A, 2B, 2C, 3A, 3B, 3C, 4A, 4B, 4C, 5A, 5B, 5C, 6A, 6B, 6C, 7A,
20 7B, 7C, 8A, 8B, 8C, 9A, 9B, 9C, 10A, 10B, 10C, 11A, 11B, 11C, 12A, 12B,
12C, 13A, 13B, 13C, 14A, 14B, 14C, 15A, 15B, 15C, 16A, 16B, 16C, 17A,
17B, 17C, 18A, 18B, 18C, 19A, 19B, 19C, 20A, 20B, 20C, 21A, 21B, 21C,
22A, 22B, 22C, 23A, 23B, 23C, 24A, 24B and 24C are plan and cross-
sectional views of intermediate stages in the formation of a transistor in

25 accordance with a first embodiment of the invention, and

Figures 2BA, 25B, 25C, 26A, 26B, 26C, 27A, 27B, 27C, 28A, 28B, 28C,
29A, 29B, 29C, 30A, 30B, 30C, 31A, 31B, 31C, 32A, 32B, 32C, 33A, 33B, .
33C, 34A, 34B, 34C, 35A, 35B, 35C, 36A, 36B, 36C, 37A, 37B, 37C, 38A,



33C, 34A, 34B, 34C, 35A, 35B, 35C, 36A, 36B, 36C, 37A, 37B, 37C, 38A, WO
03/019671 PCT/ US02/ 28265 6 38B, 38C, 39A and 39B are plan and

Cr oss- secwioasaloeri ews of intermediate stages in the form@drarsonts2as
transistor in accordance with a second enbodinment of the invention. 5 Best
Mode for Carrying Qut the Invention Referring nowto the drawi ngs, and nore
particularly to Figure 1A, 1B and 1C, there is shown an early stage in the
manuf act ur f tr ' ' r houl d
be ot od (158 PRChagoaNT e Areaf EneiaRsSettional Mo ¥ piteRedidte 2
plan vi ewsstages fie tHeormation ofed heusistoage acebrdamce atthua sesbinte Fi gures

1B, 2B, etc. (a "B" identifier) and 1C, 2C, etc. (a "C' identifier) are
sectional embediraeph@fthe iBntiohs 1-1 and 2- 2, respectively, as shown in
Fi gure 1A unless other section positions are 15 indicated on the sane

drawi ng sheet, such as in Figures 22A - 24A where different section

| ocatsons are placed through contacts rather than in the | ocations shown
in Figure 1A Addltlonal ly, further Figures having "B" and "C' identifiers
i ndi cat e ABest Mode 2 grinyentionhe transistor in accordance with
t he i nvention. Generally both of these variants will be forned at
different locations on the sane wafer or chip, in sequence and in
accordance wt [

Accor di ngl Y, |PR§dh hgqht;ewgﬁ EF@S@@”%E%hioﬁmfﬁﬂ%ﬂcttgdﬁ'?ﬁ@ye\ F}Ban
view (an "a#id ild@srihiefé és showdi aratedytsiegairdhemanefachiiter oD transsstoedni n

fabrication of the transjstor in accordance wt ventlon d the
| at efdl duMF‘é‘%ed’F'tQﬁbeéEﬁ”%ﬂ%I ﬁbﬁ@%'ﬂkbﬁsnogﬁﬁhfﬁé{ @é&&hov.tgﬁ

drawings, Figures designated 1A, 2A, etc. are plan views of the device at

various stages of manufacture while Figures 1B, 2B, etc. (a "B" identifier) and
1C, 2C, etc. (a "C" identifier) are sectional views along the sections 1-1 and 2-
2, respectively, as shown in Figure 1A unless other section positions are

15 indicated on the same drawing sheet, such as in Figures 22A - 24A where
different section locations are placed through contacts rather than in the

locations shown in Figure 1A.

Additionally, further, Figures having "B" and "C" identifiers indicate

20 n-type and p-type variants of the transistor in accordance with the invention.
Generally both of these variants will be formed at different locations on the
same wafer or chip, in sequence and in accordance with block-out masking as
is well-understood in the art. Accordingly, it should be understood that the
area depicted in the plan view (an "A" identifier) indicated the area of the wafer

25 involved in fabrication of the transistor in accordance with the invention and
the lateral dimensions of the sectional views ("B" and "C" identifier, as
depicted, may be larger indicating surrounding regions of the wafer beyond the
area depicted in plan views. Otherwise, dimensions of features depicted in the

cross-sectional views generally correspond to the dimensions of features as



depicted, may be larger indicating surrounding regions of the wafer beyond
the area depicted in plan views. O herw se, dinensions of features

depi ct ed W whess7cr oss- secti onal views general |y correspordTIusor/bse26s

di mrensions of features as WO 03/019671 PCT/US02/ 28265 7 depicted in the
plan views but are not to scale. Starting with a silicon on insulator wafer
100 a screen oxide 110 is forned, preferably by heat treatnent and a

resist 12%(%”38?@%%” ?ﬂ%bm':—\ev@ﬁ%f 8re ﬁo’(‘%%ﬁale-[hi s resist is first

patterned source region and boron is inplanted in
accordance with the patterning at an energy level which wll provide a

buried inplanted region 160. The screen oxide 110 is useful j(&’ r§gul ating
i on i npl ant at i oXartipewish acsilicenireinsulatpdonater AP ascreel axtas J 1918

107 m 1 arfOPEEs BFPefapvEnBat WA IR 5 1bBish 120 B appAed (O eRLE”
source reghfap. THiSBsIGtiS fir Epaiteiatnt PA0Y M fiRs PMOS issukes régioheshd egi on

170 resulting in the structure illustrated in Figures 1A - 1C. To formthe
st ruct ur e ldromnisiimpliagted iraccoptanaawithcihecpadrimisgatcan esergylavel whichped

fo repl acavieraisEerpipddmbtantes kb 160 JEeoTBrnigide 110, R el oy
i npl ant at '@gﬁm?%n Tr'?f?)’l‘%r)}tgarﬂ({ﬂ HEP*HE‘M? letRE LYY RIHAEMBXhE $on 2ed)etfory and

deposi ted y al I con nitride 220. The thickness of the
ger mani umimpldatason diesctpar.afbegrattemechrasis isl tegt $trippedr and anolhéd be 20

evident to thpse skilled in the art fromt di sc i.an bel hen, as
showd0 i n SHMYlArdesEt '-ayg"C,ng iscaprlie iﬁg}%aqgﬁfﬁ‘leﬁed%gpdndg‘ﬁ@ SPYE%S and
the nitri -and i il | : 3 : irst or

Fogi ons. sd5eiS e AR an e 1A e Sirhflal U 1SiSR TcR

mat eri al s rsalisaginftheisatucture illustrated in Figures 1A - 1C.

To form the structure shown in Figure 2A - 2C, the screen oxide 110

15 may be stripped and replaced by a pad oxide 110', if desired. Generally it is
preferable to replace the screen oxide 110 to avoid the possibility of
compromise by implantation damage. Then, a thick layer of germanium oxide
210 is deposited followed by a layer of silicon nitride 220. The thickness of
the germanium oxide is a key parameter for channel length control as will be

20 evident to those skilled in the art from the discussion below. Then, as shown
in Figures 3A - 3C, a resist 310 is applied and patterned (315) and the nitride
and germanium oxide layers etched to form the transistor regions 330 and
define channel width and transistor current. These materials are sacrificial
and chosen due to differential selective etch rates that can be achieved

25 relative to other materials in the transistor structure. Other appropriate

materials will be evident to those skilled in the art.

Then, the etched regions are oxidized and filled with silicon oxide or

other desired shallow trench isolation (STI) material 410. The surface is then



and chosen due to differential selective etch rates that can be achi eved 25
relative to other materials in the transistor structure. Qther appropriate
mat eri al swoeidslo1gse1 evi dent to those skilled in the art. Theqruse&sshed
regions are oxidized and filled with 8ilicon oxide or other desired

shal l ow trench isolation (STI) material 410. The surface is then WO

03/ 019671 PCT/ US02/ 28265 8 pl anarized by chem cal / nmechani cal poli shing

back to thganhdizéd®yrsHdraltatl@Rchanidaign|bhthgbask tertheniitryde ealisbrstop
nitride |ayer 220, resulting in the structure shown in Figures 4A - 4C. 5

Ref er ri ng shistecedt20 @lirererBaining ortine oittidedayer a2foresuBngiiBrifeng t he
verti cal sitl i%on Shl | ar. ich w,ll %grm the vertical conduction channel of
the transittOH'§ B}Q{Pi'ﬁed'gwe%éﬁﬂ tion of a resist 510. The resist is

t hen exposed wusing a hard phase shift mask or other |ithographic process
or other process techniques such as spacers to control w dth and devel oped
to foFma narr Reféfrifgoost bo Figifres @A + Bithdheayssiioniadteninal d fesiformatngthe 520
across the ngn-STl. region. Then, in acgordance with the patterne Si st,
the nitri d&rtieabsiligeg F%Héﬂ WFEé’V'Hr@”@c Ylergléﬁaé&f)' é'lcgtz'opoa??r?'fé]ﬁérht%o t he
original silig f el ; el j | i

"n' B gar ear hSiStud® dSfried] b oo RiticrPof TEYISREI. TAE 1E3IsT 17 HRen Sxposeun
then epit aydinglayhamttppaseshify ehasigooothdr bthoksaphie praagisealr sther puncess er
surface 620 to fill the nold 610 and the surface pl anarizeg toresult in
the structtechniniasnsueh BF gpacery o copgol widgaengrevsieped d04prm a narrow

U b MOBRE Gy BB YR Bi s BERYS g ARSI
sub- i t hogieapdlh © THENTBASiceBRdardét with the patterned resist, the nitride, GeO, and
pad oxide are etched selectively to fill 410 to the original silicon wafer surface
620 to form the pillar mold 610, as shown in Figures 6A - 6C, and the resist
stripped. The silicon pillar 710 is then epitaxially and selectively grown from
15 the original silicon wafer surface 620 to fill the mold 610 and the surface
planarized to result in the structure shown in Figures 7A - 7C. If pattern 520
is of sub-lithographic width, as can be achieved by, for example, a phase shift
mask, the pillar/conduction channel will be of corresponding sub-lithographic
dimensions.
20
To protect the silicon pillar, the top of the silicon pillar is recessed by
etching the silicon to form a recess which is then filled or a film formed with
TEOS oxide or LPCVD oxide 810 and the surface again planarized by
chemical/mechanical polishing to result in the structure shown in Figures 8A -
25 8C. Then, as shown in Figures 9A - 9C, the remaining surface nitride 220
(Figure 8A - 8C) is stripped, preferably by a wet etch, and the remaining GeO,
210 (Figure 8B - 8C) is removed with a water rinse.

A conformal layer of nitride 910 is then applied, preferably by chemical



To protect the silicon pillar, the top of the silicon pillar is recessed by
etching the silicon to forma recess which is then filled or a filmforned
wi th TEGSowmsiode7or LPCVD oxi de 810 and the surface agai npoirarsazesesl by
chem cal /nmechanical polishing to resalt in the structure shown in Figures
8A - 25 8C. Then, as shown in Figures 9A - 9C, the remaining surface
nitride 220 (Figure 8A - 8C) is stripped, preferably by a wet etch, and

the remai deg)er?%fosiﬁéﬂ_%ﬁ a8 &SRB a&@)siétsgwm\r@rﬁii%bﬂeané@tiﬁrthé!r@gm%

conforml | nitride 910 is then applied, preferably by chem cal
03/ 019671 REToWSOHRBROAI tridleveparedeploson potarantiOc oMes adtrge as vssddat@2®
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i n acgor dagetropwitdlly BEcHet IrehbesrdareskitA2fetpatbamicdatdsyst @@ o (pitia)lyt he
nitride 925 at the bottomof the trench adjacent to the silicon pillar,
the resistopen 101@pthe nHaidn/ IR5xAt the bodemnaf thettencheagipreat tatha gilocon
controls the |logation fromwhich pnpurities.will he diff I n
ext ensi on PRl eyrerSézﬁ t§n5.trwe&_[? F%Blovp?g!Qﬁtn,'wéé%ﬁgb%%(g&tﬁgﬁguggfgg’cﬂs@

appl i ed tocdm%llst% N¥RBiort frBRP Wi & SmphiritRest DRI BMEPHUSEN3b Foaharpr e
processed. Simlar processing will thereafter be perforned for the NMOS

t ransi st orextehsiom irhpufAMOBegioansi stors are nasked with a simlar bl ock-out

mask. The order of NMOS and PMOS 15 processing is not inportant to the
succé8sful practice of the invention. Referring nowto Figures 11A - 11C,

a layer of borogj thicain® 2330&BG rRAsk 1130 is applied to mask the NMOS
| transistors while the PMOS transistors are processed. Similar processing will
thereafter be performed for the NMOS transistors while the PMOS transistors
are masked with a similar block-out mask. The order of NMOS and PMOS
15 processing is not important to the successful practice of the invention.
Referring now to Figures 11A - 11C, a layer of borosilicate glass (BSG, or
arsenic silicate glass, ASG) 1110 is anisotropically deposited, preferably by
plasma vapor deposition, leaving a layer 1110 in recess 1010 and covering
the termination of nitride 925 and other horizontal surfaces with [ayers 1230.
20
This operation is followed by a similar process to deposit a SiO, spacer
1120 covering the BSG 1110 to separate the drain structure from the gate
along the pillar followed by a dip-out process, if necessary, to remove residual
sidewall deposits. The resulting structure is then covered by a blockout mask
25 of resist 1250 similar to 1130 and blocking layers 1140 and 1150, as shown
in Figure 12A - 12C. The NMOS (or PMOS) transistor sites are then opened by
a lift-off glass technique dissolving layer 1130 and arsenic silicate glass (ASG,
or borosilicate glass, BSG) 1210 deposited, again preferably by ionized

plasma vapor deposition or PECVD (which preferentially deposits material on



arsenic silicate glass, ASG 1110 is anisotropically deposited, preferably
by plasma vapor deposition, leaving a layer 1110 in recess 1010 and

coveri ng wohs/term nation of nitride 925 and ot her hori zomwcalussped2zases with
| ayers 1230. 20 This operation is fold owed by a simlar process to deposit
a Si 02 spacer 1120 covering the BSG 1110 to separate the drain structure
fromthe gate along the pillar foll owed by a dip-out process, if

necessary, hdrpzd P ¥arfages il owsd B9WRIdosHEPR B b SiDlesgaRldridnaibuyciur e-
is then covered by a bl ockout mask”25 of resist 1250 simlar to 1130 and

bl ocki ng |ngeassatyl40hanprddess, alas priovides simikirdayersi2230, 1280 anahavog gfor
PMOS) transj.stor sit are then opened, b a.ljft-off glass techniqu
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PCT/ Us02/ ﬁ&%@ss,lﬁbshm)tihgqnttﬁb stuidtaee shotel inokigdréy 188po3BCion of an Si 02

spacer and di p-out, if necessary. This process also provides simlar
| ayers 1230, 1240 on the top of silicon pillar 710 and surroundi ng the

i i | | h f f_the resist . i
on' The resi ot aFGeernsbavey R ifrds IR GraG o iRl Lhad IS HEReR: °
structure shawhobéd kiigediPsuriales aéa@lcstri-ﬂﬂ)%@lu ‘Fge A0 Bl @UUPD EADrmedC,

a sacrificral oxide 1430 is fornme on exposed silicon surfaces and
stripped. S#Hkaldgned dvith e chanbélbyiesthfesraxiédatiselor-GVDgatamig tayer lepitdrannel

corpliBt ol ool BimanghenBhspRETESY Sttieengbitia oantrlarM His i BaA bo
Rer! o175, SpfTENS EER S bEHOHER (AR G e slihpd fevBbs fatone
from the ASG and BSG to form the drain in the lower part of the transistor.
This out-diffusion must eventually reach the implanted regions 160, 170,
respectively. The trench 1430 is then filled with a gate material (self-aligned
15 with the channel and gate dielectric) such as polysilicon to create gate
electrodes 1440 (Figure 15A - 15C) that are initially joined forming an interior
wall completely surrounding the channel but which can be later separated by
polishing gate 1440 and residual dopant films such as 1440 that are still
present down to nitride 910, recessing the gate material at 1510, and
20 depositing nitride 1530 in the recess, as shown in Figure 15A - 15C. Then
the gate material is further recessed at 1510 and TEOS is deposited and then

etched to form sidewall spacers 1520.

Then, as shown in Figure 16A - 16C resist is again applied and
25 patterned to form a mask 1610 over the upper portion of the silicon pillar 710,
cap oxide 810 and layers 1230, 1240. Then, isotropic etching is performed in
accordance with mask 1610 which serves to remove sidewall spacers 1520
that are not adjacent the silicon pillar 710. The mask 1610 is then stripped

and nitride is deposited in the recesses over the polysilicon, as shown at 1710



This out-diffusion nust eventually reach the inplanted regions 160, 170,
respectively. The trench 1430 is then filled with a gate nateri al

(sel f-al igoadois7ni th the channel and gate dielectric) suearasopedzsilicon
to create gate electrodes 1440 (Figurle 15A - 15C) that are initially
joined formng an interior wall conpletely surrounding the channel but

whi ch can be | ater separated by polishing gate 1440 and resi dual dopant

films suchnaggdAdOl yhat12Carid btdhadr 88€16r PONEhdd td réfriode SUkfhce rspisns
the gate material at 1510, and 20 depositing nitride 1530 in the recess, as

shown in Fityide laypx 21050d firena plasaygsugagat dieadf nigrideralhews selasdved at
1510 and T I S osited.an hen, .etch S| dewa acers 1520.
Then, as gﬁwg ﬂpﬁfegﬁ?lé Ofécie %li%@n‘fl é@%?id%é(ggfa?%&ap%r?séa{ gﬁie’Z'@ ?)[?thl% ned
to forma t u r A t; bl 4 [ i t cap
oxi de 810 dagnﬁi?"g@i'?ﬁ%‘g'ge& 11%401_8;@2@, a?‘gg?%%it?qgtﬁ?h? Fanos d;'a”é‘?'? ihdlant ©
accor slancenusk itthapedi®ikOs i 1) asestvaen o Figuresel 3A da@l.| Theaioeplaniatdon
that are not adjacent the silicon pillar 710. The mas}g 1610 is then
stripped RiREess depieedsalybB3Qinreduchs @doped £88i08 24 LP il GIEUERRC- as
shown at 1710 WD 03/019671 PCT/US02/28265 11 in Figures 17A - 17C and

et ched and/or polished to renove surface regions of nitride |ayer 910 and

forma planar sphd aaplate®iod pridessds c;@lnh@%elgqha@péneemebf:meﬁdraﬁh ddgingap

oxide 810 and | ayers 1230, 1240. A resist 1810 is apEI ied, as shown in

Fi gures 18fescritgd abhdveleniclopeay be ddwamtagevsty eéxplaitedhpn @nderstarask with

apertures .191Q, a hgwn in Figures 19A.- 19C  The. i npl antatjaon F oCess

dopt dVed dnduadyaly SaleeLhd sabBeERd iTain sHATCtRRRHCR U R TR S

| pl ant at i Q0 e | ﬁ%ﬁcgl- | yrH i dingi ' 0

descri bed above \(/E\ﬁisﬁh“?reay elﬁgg'amHgsé%%ﬁse@EB%"lpggdf r?%o%g[ranpgm 202
(Figure 21) deposited in the remaining recess and the surface replanarized.

As shown in Figures 21A - 21C, a nitride etch stop layer 2110 and an
15 oxide inter-layer dielectric layer 2120 are deposited in sequence over the
entire device surface. Then, as shown in Figures 22A - 22C (Figure 22C being
a cross-section at section 3-3 of Figure 22A), source contact openings 2210
are etched using a p"atterned resist. This etch first etches oxide 2120
stopping on the nitride 2110, the nitride 2110 is then selectively etched
20 stopping on the oxide cap 2020 and the oxide cap 2020 etched stopping on
the implanted region 2010 of the silicon pillar 710. It should be noted that
the diffused regions 1410 have now reached implanted drain regions 160/170
through the heat budget of the processes of Figures 15A - 15C to 22A - 22C
although additional annealing could be performed, as well.
25 \
Figure 23C shows a cross-section of the device at section 4-4 of Figure
23A. The gate contact opening is selectively etched in stages as before (etch
of oxide 2120 stopping on nitride 2110, then etch nitride 2110 and 1710
selectively to oxide thereby making gate connections on both sides of the



10 individually tailor the source and drain characteristics such as for
providing asymretry in the transistor. The resist is then stripped, oxide
or TECS 223/ 0fdérgure 21) deposited in the remai ni ng receesTArsd2/éres surface
repl anari zed. As shown in Figures 21A122 21C, a nitride etch stop |ayer 2110
and an 15 oxide inter-layer dielectric layer 2120 are deposited in
sequence over the entire device surface. Then, as shown in Figures 22A -

22C (Fi gurchaddiel beisotirca regiony «xeept datthesexideosh2820f ish@ustehddfand
source contact openings 2210 are etched using a patterned resist. This

etch fi rstthetagresingd 30 23 aidersthmipthryoxiet ¢ap RORO desepamte penings nrde

2110 is then.sel ectively etched 20 i on.th Xi ca 0 d the
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illar 71 i iof el v
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processes amt&kcyaperiridbA3301i5Gormed2dy sel22tiveatthimgghubhdibhingrthroegimdélaé i ng
coul d be performed, as well i gure 23C shows a cr,oss-secti? OE t he
3 ¢h above

. 25 F
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12 channel or source region) except that the oxide cap 2020 is not etched

and the dpdepagdestly. i s wi der than the oxide cap 2020 or separate openings
made, at either side of the oxide cap 2020 as shown by dashed |ines 2320.
Eith&} contact structure is thus borderless to the source diffusion.

3 gﬂh: ﬁ;,' Y. gggﬁﬂgng oa1t w9 BEN03E-528BBni 5t fHY dBF cBYAt ¥t 5% 6f Figure but
24A and which may or may not coincide with section 3-3 of Figure 22A.
Again, the opening for the drain contact (behind the plane of the page of
Figure 24B) is performed selectively in stages to open the side of the drain

15 structure. However, in this case, after the nitride etch stop is opened, the
selective oxide etch is, in essence, guided by nitride layer 910 which also
serves to insulate the contact from the gate electrode forming.a borderless
contact in which a contact can be made to a structure without providing an
insulator over adjacent or underlying structures by forming a contact opening

20 in or along an existing insulator. The transistor can then be completed by
depositing metal or polysilicon in the source, gate and drain openings and

planarizing the surface.

Thus, it is seen that the invention provides a vertical conduction
25 channel field effect transistor having a dual gate located on opposite sides of
the conduction channel and the source and drain located one above the other
to provide a footprint-of decreased size. In fact, the only limitation on scaling
to very small sizes is the need to lithographically define the pattern for the

silicon pillar which, in turn, is generally limited by the resolution of the



oxi de cap to contact inplanted region 2010 but term nating the etch above
the gate structure such that the source contact is borderless to the gate
struct ur ewobapisepar ate contacts can contact each of the gatrasozgsons 1440
i ndependently. 10 Figure 24C shows a tr oss-section of the device at section
5.5 of Figure 24A and which may or may not coincide with section 3-3 of
Figure 22A. Again, the opening for the drain contact (behind the plane of
t he page j ; e&g)@s' r f I ' | thaeledl BRafh
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et ch st op litbograptdd, enttamcesed reist orvieromeisd deehoigues, stiah as setevegligdhded by

nitride | ayer 0 which, al so erves tq insul at he contact .fromthe gate
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i nsul ;at or tedheidussnsucti as viimdwbe dxlsiornl withdebyrendertosa prelgrmeet al or
polysilicon in the source, gate and drain openings and planarizing the
surface. TEmBodiment of &g inveittiame i nvention provides a vertical conduction

25 channel field effect transistor having a dual gate | ocated on opposite
sides of the conduction channel and the source and drain | ocated one above

the other to m&qﬁmﬁ\a@l | QRESPB I8l ¥ABHERABAL i 281 tHmrhAsd andioraless

limtation on scaling o very small sizes is the need to |ithographically
define t hatphktieterface witteshslilowdoengh idcdatiohisthyctunes and, in esgpmes, dhley

limted by the resolution of_ _the 03/019671 PCT/.US02/ 2826 3,.
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various etching limits trench/pillar length. The contact to the lower diffusion is
borderless to the gate electrode, the contact to the gate extends above and on
two sides of the upper/second/source diffusion, separate gate contacts can be
formed on two or more different sides of the channel, and the contact to the
15 second diffusion is borderless to the gate structure. Further, the lower/drain

diffusion extends below the pillar and extends beyond the pillar below the gate
structure for formation of a contact adjacent the gate structure while an
insulator adjacent the gate structure allows a contact to be formed by a
conductive layer adjacent thereto. Moreover, a contact to the upper diffusion

20 can be in the form of a self-aligned spacer, the pillar extends above the gate
structure and the first diffusion can be used to form a contact to a portion of a
further transistor as will be discussed in greater detail below in connection
with a second embodiment of the invention. It should also be appreciated
that, in the first embodiment described above, the pillar forming the

25  conduction channel is epitaxially grown in a recess while, in the second
embodiment, the pillar is formed by etching.

Turning now to Figures 25A - 25C to Figures 38A - 38C, a second

embodiment of the invention will now be discussed. Some differences in



| i t hographi c enhancenents or process techni ques such as sidewalls, the
overall footprint is generally limted to the resol vable |ithographic
feature wioasw)vEVen this limtation can be partially avoirdadrdoy/28265
phase-shift exposure 5 techni ques sucth# as will now be explained with
reference to a preferred enbodinment of the invention. Additionally, this
preferred enbodinent is self-trimmng and borderless at the interface with

shal | ow 1 reRiaMN Wislol e FForml tHeCh 14t @nBodimeént 8RN Afkentith ddsbriiedaBodBts
deposited STI structure is used as a trimmask and selective etching limts

t rench/ pi IWilirb¢ engtant afitk soore atwhiah ey bewebsttdtedsiosprosessssrisetiestiestt o
the gate el egtrode, thfa cont act tF the gate exte ?s .above and on , twa sides
of the uppEPPedLBRA} 880rHEedPIIaisT Bh EXQBLPa @‘Q -BlighRH RAUECR anchdraipgr e
on two or Iff ; ' | ﬁmﬂ%?%ﬁ 15
second di f%gggg clleéeggr@ eﬁgﬁcﬂbtkﬁgiﬁ%@?ﬂtuﬁ%@ﬁkﬁm erheﬁ-ﬁeéﬂ’t?a

| ower 3 dr aiforthair fdeseir i ax tieards ebmittiebiefopidl draty. afitie griresipal tidfevadce he
pillar below the gate structure for formation of .a contact adjacent tﬂ_le
gat e st ruddaiweenntinedfitsh anchsegendbemhgdinmitsiaidhgdneertiends the natygs.et the

cont act + PERESEHEER RPN GCh 7 2 Wi FRUATERYdT 8 P B R e
spacer, thgriudtadn ekbhAAEPaRBRY StdSh@Rh SN REIMSI2TA Lt he first .
di ffusion can be used to forma contact to a portion of a further

transistor as will be discussed in greater detail below in connection wth
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conduct i Orke%t&%@‘%hbio%iﬁ@rﬂ%iﬁ%gy%ﬂééﬁ’-“sﬂhiiff'rrﬁas%%l’ﬁ%ﬁ MW?srﬂaﬂletr heagfeond

enbodi nent’,” the ar 1s for y etching. Turning now to Figures 25A -
25C to Fi gires t8®® lithdgCaphicatiyatefinezhbsiignelettroinadweticeastgyoof aigivemow be

di scussed. Sone differences in ) ) .
wavelength. As will be apparent to those skilled in the art, such a technique
for forming the trench, in the absence of trimming using additional

15 lithographic processes, will result in a trench having a closed geometric shape;
only a portion of which is shown. Other transistors may be simultaneously or
sequentially formed at other locations along this closed geometric shape. This
feature of the second embodiment of the invention, in particular, facilitates
formation of transistors in accordance with the invention in pairs which may

20 be opposite conductivity types (e.g. for inverters).

As shown in Figure 25A - 25C, the second embodiment illustrates use of
a SOl wafer having an active silicon layer 2510 with lower drain diffusions
2520, 2520’ of differing conductivity types already in place. A resist is applied
25 and patterned and a PMOS source region 2530 is implanted. The resist is
then stripped and another resist is applied and patterned and an NMOS
source region 2540 similarly implanted. A similar process is used for the
other polarity device. A screen oxide can be used and stripped for the

impurity implant in either case. The wafer surface is then covered with a pad



WO 03/019671 PCT/ US02/ 28265 14 detail will differ fromthe first

enbodi nent of the invention described above as w Il be evident and sone of
whi ch maywbea3swdssii t uted for processes in the first enbodcrarsn2/2sees

vi ce-versa. For exanple, the self-alitned source and drain process

descri bed above can be enployed in the second enbodi nent and a 5 further
description thereof is omtted for clarity. The principal difference

bet ween t hgidd IHferarBbE aFeNs neiFRed|qjRAt6Y. the invention is the nature of

the process used to formthe trench 2720 which will provide a pattern for
the conduction channel at the step shown |n F| gures 27A - 27C. 10 More

f [ 1 the t h 2720 d h t d
ohbodi ment usi AP SIORASE FeRire 2BAceadr: krsnted attetar diedn e SEGES (o
be Tit hogAﬁHQng;’ér} ?faﬂgf AnteSt R R %ﬁé’l’l@ﬂr’cfé é:?”it‘?{]t%gl@ﬁs QGQ.'O"\‘RIchh are
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enbodi mentpipfsel St imEeR! t@auownsaqaalw@k@mngf@fca hitr@inetrentcar2E20 ¢o the
transi stors in accordance with the invention in pairs which may 20 be

opposi te camutaetimplagt 2pBOscersesponding tovihe locationsef Breopilar icFmdueiéonsA -
25C. 4, Saemi Shad RS L LERt Lates dtdhue B35 149h5h M AreyEEL V@
ot okt SR B el eaunte g
and anot hezgAesiagq, nesmambrhg gdriacd rpatld:ierzm BceraovedVbg wet etching
selectively to oxide. The pad oxide 2550 is then removed to the implanted
source region 2530 by a brief etch selective to silicon which leaves most of the
15 thicker TEOS and shallow trench oxide 2620 intact (e.g. reduced in

height/thickness), resulting in the structure shown in Figures 28A - 28C.

As shown in Figure 29A - 29C, silicon is anisotropically etched

selectively to oxide to form the silicon pillar 2910. This is preferably

20 performed as a timed etch to leave a portion 2920 of the silicon layer of the
original wafer in place at the bottom of trenches 2930 overlying lower
diffusions 2520, 2520'. A layer of nitride 3010 is then deposited and
patterned by isotropic etching in accordance with a patterned resist 3020 to
cover the edges of the shallow trench isolation structures 2620 and extending

25 partially over the trench bottoms 2920 at 3020, as shown in Figures 30A -
30C. (It will be recognized that this structure is substantially the same as that
of Figures 10A - 10C except that the extent of the nitride coverage outside the
trenches is different. Thus, the processes of figures 25A - 25C to 30A - 30C
could be substituted for those of Figures 1A - 1C to 10A - 10C and vice-versa



source region 2540 simlarly inplanted. A simlar process is used for the
other polarity device. A screen oxide can be used and stripped for the

i mpurity wopBande7i n either case. The wafer surface is thercaosee/estesni th a
pad WO 03/019671 PCT/ US02/ 28265 15 o de | ayer 2550 and a nitride |ayer
2560. As shown in Figure 26A - 26C, respective transistor areas are defined
|l ithographically and etched to formshallow trenches in regions 2610 which

are 5 th(gn“fzi;,l]gwﬁwetm rﬁmggipéqt@hi@g_?:er i nsul at or 2620, preferably by
chem cal vapor “deposition (CVD) and the surface polished to nitride 2560.

As shown in Figures 27A - 27C, a resist 2710 is applied and patterned,
preferably usi hase-shi f S to.allow,s P | a
narrow trench %%Z%Q‘gnt'ﬂg:'g‘é%géga'i %{)Paﬁfjé Ic@k'ﬁgéﬂ%%@%&gp{)@ﬁ?ﬂ&
l'ocation | @ ' itethgitrigel iststiippetriromed
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| evels of rthertrslec2@@ls adjasoithe silfsogupidlar. 28idvide 300 0 ienelurhed tour f ace
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the structyy Rritias isholiritl ERgu?8é 322882C)Aeorahibierd iain FiNitiriele 29 Aem 3@,
silicon is anisotropically etched selectively to oxide to formthe silicon

pi | I ar 29fomTthiessurdage by arclishingo Sesrffisiakbexides32l @ inBEOWR AN te FUGAD a
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on the sides of the silicon pillar 2910, as indicated by dashed lines 3215.
This implant, regulated by the sacrificial oxide, is used to pre-dope the
channel because the pillar is formed by etching rather than growth during

15 which impurities could be incorporated. A similar process could be employed

at the corresponding point in the first embodiment. The sacrificial oxide 3210
is then stripped. Gate oxide or other insulator 3220 is then formed in the
location of the removed sacrificial oxide, preferably by a brief heat treatment
in an oxygen-containing atmosphere and the trenches re-filled with conductive

20 gate material 3230, resulting in the structure shown in Figures 32A - 32C.

The gate material is then recessed at 3310 by selective etching and
oxide is deposited and etched to form sidewall spacers 3320 as shown in
Figures 33A - 33C. Spacers which are adjacent the STI are removed by

25 selective etching in accordance with a lithographically defined cap mask 3410,
as shown in Figures 34A - 34C. This process is similar to that described above
in connection with Figures 16A - 16C. The resist mask 3410 is then stripped.
As shown in Figure 35A - 35C, recesses above the gate material 3230 are filled
with nitride 3510 and polished back. Implanted or diffused impurity regions



cover the edges of the shallow trench isolation structures 2620 and
extending 25 partially over the trench bottons 2920 at 3020, as shown in
Figures 3@Ao03/03%@1 (It will be recognized that this structramasos28265
substantially the same as that of Figures 10A - 10C except that the extent
of the nitride coverage outside the trenches is different. Thus, the
processes of figures 25A - 25C to 30A - 30C could be substituted for those

of Fi gurespggy - ?éﬁot nd 530 %Qé:tﬁé'ﬁ eXbﬁﬁdé‘&ra?céBﬁ@ 0%@@9@7 heBET/dd3A74RB265

16 utilizing different nitride patterning.) As shown in ure 31A - 31C
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i n Fi gur es332@\ at tﬁé@bwbr(mﬁutn@ndBﬁBﬁ (25120!; 2#@0" sane myvsedewhtloB32@ (and f ace
by polishing. Sacrificial oxide 3210 is grown on the silicon 10 pillar

surface (fi6e gAtepnidg IFr0xat #%epm@ﬁlﬁmoaﬁﬁﬁo (293@hoved) and an angl ed

channel inplant 3205 can be perforned to provide surface inpurities on the
sides of the silicon pillar 2910, as indicated by dashed |ines 3215. This

i npl ant, regul agegrday %tah@ a'q‘fﬁpélrémcdoﬂta@t(bﬁénmgs 3620, 8920randiggeot ie
channel because the pillar is forned é@etchln rat her than rowt h during

15 whi ch ifioponeict aeshownl i biguires 86por 366d 37A seriand §&9ce§8 ng nesists

enplo ed h oint in.the first e
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preferably by a gat treatnent ~1n an oxygen-containi ng at nosphere

and the t r,égallmeiheeirfam cedtadtt dpatingustiomaed by a selective etch of the oxide of
the STI structure and follows the nitride sidewall 3010 at the interface with the
STI material. Also, as with the first embodiment of the invention, the gate and

15 source contact openings may be kept separated by selective etching of nitride

and/or oxide and lithographic patterning registration is not critical even at the
extremely small sizes to which the transistor may be scaled by the phase-shift
mask patterning and/or other lithographic or process techniques alluded to

above in accordance with the second embodiment of the invention.

20
Alternatively, as is often the case, it may be desirable to form a single
contact to drains of two adjacent transistors or (e.g. as an output connection
for an inverter circuit) the transistor drain and an electrode of any other type
of adjacent device. In such a case, shallow trench isolation is not required
25 between the transistor and another transistor or other device (which are, in

any case, insulated by nitride sidewalls 3010) and the entire width of the STI
structure may be etched and the recess filled with conductor 3910 such as
tungsten as shown in Figure 39A and 39B. All of the above-described

connections are borderless as in the first embodiment of the invention.



20 gate material 3230, resulting in the structure shown in Figures 32A -
32C. The gate material is then recessed at 3310 by selective etching and
oxi de i s wepssided and etched to form sidewal | spacers 332@Tasosbspémn i n
Figures 33A - 33C. Spacers which are ®mdjacent the STl are renoved by 25
selective etching in accordance with a |ithographically defined cap mask
3410, as shown in Figures 34A - 34C. This process is simlar to that
descri bed aboven {;j ' ' ' ;i - ' 410
o then st ripped. ASOLRRHORoM, 1t I SHEF ndothe kBRI RS BB el
mat eri al 380 effectfirahsidtomstriachire whieh3sdOdaal] pudkeinsibly ihdegendempt gatesd or
di ffused i rity regions WO 03/019671 PCT/ US02/ 28265 17 252%,p 2520' and
2530 are tHOH Mu%ﬁmg\db% ors8eQ InFnextragets sinall aaneha Wafak.o Sonsce, gate

conducti on i Ll i Ll Ak j . j

i mpuriti esa@@?@ﬁﬁ{nc{)ﬁgégﬂpﬁgﬁé gggﬁpﬁgéler%f%BB&IQH&?\&@?&I@L\@W Faﬁgghoul d be
not eds t hakitHdgrapHid éxsoUrel regidtpation edldranoed m@at%ﬁ@wmdnuﬁ@@t&%@ by
the gate oxide 5 3220 at the l'ower diffusion 3530 (2520, 2520') and by
sidewal | s B8 (and the gate oxide 3220) at the upper diffusion 3520
(2530). Source, gate and drain contact openings 3620, 3720 and 3820 are
formed as shown in Figures 36A - 36C, 37A - 37C and 38A - 38C using resists
10 3810, 3710 apghiRBHL | j [ ; MteShil i scussed
in detail above%rll connbi@g@%ﬁ%fbé?gfﬁé?r'ggﬁ% tf'g%m é@%é 95%%?@6#3 24A -
24C.  Agai emboldndirds iwibohtaaef iropant, ngtershangeasiepih@sessiidetiinghetarth vatl t he

oxide of the STl structure and follows the nitride sidewal]l 3010 at the

i nt erfface RAOBNIZR thadrihediventian cap 98 prastiged withenedificatiorpwtnmeisbe of t he
i nvention, .t r n openi ngs may be kept separated by
sel ective %’%‘Eﬁuaﬁg& g?gﬁ?toﬁﬁaé%@;e@/a%(r& %)%ﬁh(sa and |ithographic patterning
registration is not critical even at the

Industrial Appiicabilitv

15
The present invention is applicable to the manufacture of
semiconductor devices, and more particularly, to very high density

semiconductor integrated circuits.

20



extrenely small sizes to which the transistor may be scal ed by the
phase-shift nmask patterning and/or other |ithographic or process

t echni quewoaBlowded to above in accordance wi th the seconecarisoreseent of
the invention. 20 Alternatively, as i® often the case, it may be desirable
to forma single contact to drains of two adjacent transistors or (e.g. as
an out put connection for an inverter circuit) the transistor drain and an
electrodemﬂﬁﬂaﬁyﬂaﬂhedlsype of adjacent device. In such a case, shall ow
trench isolation is not required 25 between the transistor and anot her
transi stor or other device (which are, in any case, insulated by nitride

sidewal I s 3010) t structure may be etched
and the reﬁess%ggﬂé@m%qﬁ éff)eecé\tl}vt?@g %fbgsucﬁéas tungsten as shown in
Figure 39A and égéimébhdaétdrhﬁnab@bﬁdd@su@hlcﬁﬂhnelonnectI ons are borderl ess
as in the first enbodi nent of the invention. WO 03/019671 PCT/ US02/ 28265

18 I'n view of tgaiefeleetyoides,initrenchescadiachat saitksemiepndestosrillaties a
t | field effect, .t t t t whi t. |y
! hdepsadent  gar® BVl 'w%ﬁfaﬁbﬁéﬁ%%fﬁgﬁ%@&%’fﬁel%chfé%??%%ﬂ?yo%@iﬁ'f@ Sl % .

waf er. SowdrRicodRfu’:t o@ﬁ grain connections nay be forned reliably and with
relatlvely large 5 ogr aphi ¢ exposure registration tol erances providing
hi gh manuf act ursndgwayhseddjaani baict $emicorshudion phldar dleeve seistgatecel ectradsesns

of two pref erred enbodi ments which are, in part, interchangeable, those
skilled i i $AddFenGhi®s, 10 recogni ze that the invention can be practiced

wi th modificati l?l'i‘.u!)!i{o?'rﬂa{é?’f-alsiﬂi ddili tROSLIREORS0W shiteo ARPEIREED desaA K -
| ndustrial Applicability
10 adjacent said sidewalls, said insulator material being selectively etchable

relative to said sidewalls and said semiconductor pillar.

2. A vertical transistor as recited in claim 1, further including isolation
15 material adjacent said layer of insulating material and surrounding said
vertical transistor, said isolation material being selectively etchable relative to

aid layer of insulator.

20 3. A vertical transistor as recited in claim 2, further including
a contact formed in an opening in said isolation material adjacent said

insulating material to a conductive region at an end of said pillar.

25 4, A vertical transistor as recited in claim 1, further including
a contact formed in an opening to an end of said pillar, and
a contact formed in an opening adjacent to and extending above said
pillar to said gate structure and insulated from said pillar by an insulating

sidewall on said pillar.



15 The present invention is applicable to the manufacture of sem conduct or
devi ces, and nore particularly, to very high density sem conductor

i nt egr at edom3nce7’t s. 20 WO 03/ 019671 PCT/ US02/ 28265 19 ‘Weatusos282b&i ned
is: 1. Avertical field effect transi®or including a sem conductor pillar
conduction channel, gate electrodes in trenches adjacent said sem conductor
pillar, 5 a layer of insulator adjacent said gate el ectrodes and opposite
said sem conductor pillar, sidewalls adjacent said sem conductor pillar
above said gate electrodes in said trenches, insulator material in said

t renchesbabovA® mtldabma@seetecmcr@estedna claunaldj faetiar igluflisBdewal | s, said

O el 53 2 eSS, R0k, SRR BT SO S

1, furthgbnpbRcl uding isolati on 15 mat eri al adj acent said |ayer of
insulating material and surrounding said vertical transistor, said

i sobation material being selectively etchable relative to aid |ayer of
insulator. 20 3. A vertical transistor as recited in claim2, further
including a contact forned in an opening in said isolation nmateri al

ad acent sal d |Hfé’%r%tté %I%FHE?]CE |ﬂcﬂ|d:|ﬂgd“0t! ve region at an end of said

pillar. |ca transrs as recPted in claiml, further
i ncl udi ng lsolatlon material surrounding transistor locations in a substrate,

vertlcal field effect transistors formed at said transistor locations and
10 having a gate electrode structure formed in a trench,

a layer of insulator material in said trenches between said isolation
material and said gate electrode structure, said isolation material being
selectively etchable relative to said layer of insulator and

a contact opening formed along an interface of said layer of insulator

15 material and said isolation material.

7. A device as recited in claim 6, wherein said gate structure includes dual

gate electrodes extending on opposite sides of a conduction channel.

20
8. A device as recited in claim 6, further including
a contact formed in said contact opening in said isolation material
adjacent said insulating material and extending to a conductive region
25 extending below said pillar.

0. A device as recited in claim 6, further including

a contact formed in an opening to an end of said pillar, and



a contact fornmed in an opening to an end of said pillar, and a contact
formed in an openi ng adj acent to and extendi ng above said pillar to said
gate struwouwselwnd i nsul ated fromsaid pillar by an insul &ciTngo2/282d&wal | on
said pillar. WO 03/019671 PCT/US02/ 28265 20 5. A vertical transistor as
recited in claim1, further including a spacer in said trench between said
gate structure and a bottomof said trench. 6. An integrated circuit

devi ce incl udpr@ntaet f3rnesd MbEregeniagradjacshng andresitending avats saigl i n a
substrate, vertical field effect transistors fornmed at said transistor

| ocat i onpilkardo saidrgatersjructyue @ansl msulalgd fcemusaidrpilleshyean insWatingnch, a
| ayer of insul lator n;Ft elri al in said trenches between said isolation

mat eri al s'&'ﬁ&’%a?'a S&é e?'é?rect rode structure, said isolation material being
selectively etchable relative to said layer of insulator and a contact
opening formed along an interface of said |layer of insulator 15 material
and5sai d10sol Atderncemsariciied in. claimey] cirfserriaciudidgi n cl ai m 6, wherein

said gate structure includes dual ate el ectrodes extendjn opposi.te
S tes of Ca cORNRACRBN SR RANCT oo bILER sl Gatecd ek b @il & RartHRIR said
further i“:éﬁl ding a contact fornmed in said contact opening in said
isolation matérial adjacent said insulating material and extending to a
conductive region 25 extending below said pillar. 9. A device as recited
in claim6, further including
10 11. A method of making a semiconductor device including a field effect
transistor, said method including steps of
forming a semiconductor pillar in a trench in a body of a first insulating
material, said trench extending to a layer of semiconductor material,
forming a layer of a second insulating material on walls of said trench,
15 and
etching a contact opening to said semiconductor material through said
first insulating material selectively and adjacent to said second insulating

material.

20
12. A method as recited in claim 11, including further steps of
forming a gate structure adjacent sides of said pillar,
forming layers and/or sidewalls of selectively etchable materials over
said gate structure and said pillar, and
25 forming contact openings to an end of said pillar and said gate structure

by selective etching of said layers at locations above and adjacent said pillar,
respectively.



a contact fornmed in an opening to an end of said pillar, and WD 03/ 019671
PCT/ US02/ 28265 21 a contact formed in an opening adjacent to and extendi ng
above saiwo opiolidear to said gate structure and insul ated fromisaz/es2ps| | ar by
an insulating sidewall on said pilla?2 5 10. A device as recited in claim
61, further including a spacer in said trench between said gate structure
and a bottomof said trench. 10 11. A nethod of meking a sem conduct or
devi ce i b8l udAnmgethdd ab deeiftbadh clainansl, Sholudingifdritet isdeps o€l udi ng steps of

form ng a sem conductor pillar in a trench in a bOdéryOf a first insulating
materi al sal dreftm@gceh h@i&hir@f saidirillar byytbicksess @tiacwyen of secriicili al |
form ng of a second insulating material on walls of said trench,

15 and e a contact opening to said sem conductor material through
said fi rst i nsul ating material selectively and adjacent to said second
insulating material. 20 12. A nmethod as recited in claim211, including
further steps of formng a gate structure adj acent sides of said pillar,

form ng yers and/ or sidewall.s l.ectively etchable | terlal .over

sai d gategstr ﬁ5x£ﬁ§r§§ﬁ9dﬂﬂﬁﬁ dvieref ﬁﬁ“ﬁ@aﬁ%ﬁ?gﬁfn%$% Klids to an
end of sggﬁnghk} i oxfd, % said gate. structure by sel ective etching of said

| ayers a Iocatlon ove and adjacent said pillar, respectively.

10 15. A method as recited in claim 11, wherein said step of forming said pillar

is performed by epitaxial semiconductor growth in a trench.

16. A method as recited in claim 11, wherein said step of forming said pillar

15 is performed by etching of a layer of semiconductor material.

17. A method as recited in claim 11, including a further step of
limiting a dimension of said pillar by a distance between isolation

20 structures.

18. A transistor comprising
a substrate,
25 a first diffusion,
a second diffusion above said first diffusion,
a channel extending vertically between said first diffusion and said
second diffusion,

a gate structure extending on at least one side of said channel, and



WO 03/ 019671 PCT/ US02/ 28265 22 13. A nethod as recited in claiml11,
including further steps of defining a height of said pillar by thickness
of a | ayewoaBswerificial material. 5 14. A nethod as re®@cCracor/es26$ ai m 13,
wherein said sacrificial material is 23germani um oxide. 10 15. A nethod as
recited in claim1l, wherein said step of formng said pillar 1is perforned
by epitaxial sem conductor growth in a trench. 16. A nethod as recited in

claim 11, wheseontael tb shrpfiedt diffugiorobsederigdd tasaidl@atesstpacturened by
etching of a layer of sem conductor material. 17. A nethod as recited in

claim1l, including a further step of I|imting a dinension of said pillar
by a distance between isolation 20 structures. 18. A transistor conprising
a substrate, 25 a first diffusion, a second diffusion above said first

diffusiopg a V{fé‘ﬁﬁkt@rxéﬁ‘é’él’wd Yﬁt;tém'llsv m?ér\eﬁﬁaa.%ﬁtr%nétstét |sdtafvfewﬁb9n and

said second fusion, a gate structure extend I ng on at | east one side of
sai d chatmalsmtandntzt@zl@ér/dbﬂ&@?dflPﬂlefﬁ&%r%Q&Erm@.@ i sacchsabstrabte saddsdidr st
di ffusi on borderl ess to said ate structure 19. Atransistor as recited in

cl ai m 18SeGt eiftu%andswaﬁ@ﬂsqrbt ¢ shanpekt cal

20. A transistor as recited in claim 18, wherein said gate extends on two
sides of said channel.
10

21. A transistor as recited in claim 19, wherein a contact to said gate

extends above and on two sides of said second diffusion.

15
. 22. A transistor as recited in claim 19, further including separate contacts

to separate portions of said gate structure on different sides of said channel.

20 23. A transistor as recited in claim 18, wherein said gate structure extends

on at least three sides of said channel.

24. A transistor as recited in claim 18, further including a contact to said

25 second diffusion borderless to said gate structure.

25. A transistor as recited in claim 18, wherein said transistor comprises a

pillar of single crystal silicon having an edge.



5 transistor and wherein said first diffusion is forned in said substrate
and said second diffusion is forned on the channel. 20. A transistor as
recited iwoaBaiger18, wherein said gate extends on two si GeI/ush2/3R268
channel . 10 21. Atransistor as recit®d in claim19, wherein a contact to
said gate extends above and on two sides of said second diffusion. 15 22.
A transistor as recited in claim19, further including separate contacts
to separate portions of said gate structure on different sides of said
channel. 20 23. Atransistor as recited in claim18, wherein said gate

st ruct ur 86ext dntransisionasireadediinrdainidpwieretmisaict pilaretompyisea said

transistgr _as..ecited .i,n.claiml8, f.urther j uding a contagt to said 25
second diTHLAIBRTer e i 4 shighiatind QRN A TR BT o
reci ted eRt&Gldthg dffacohesSignpdRird transi stor conprises a pillar of single
crystal silicon having an edge. WD 03/019671 PCT/ US02/ 28265 24 26. A

tramsi stor as recited in claim25, wherein said pillar conprises said

first diftusign, sajd channe|], and sajd second diffusion, said gate

structur € -exﬁekanﬁ@taaﬁad@ﬁttegdnﬁBim|?e§,.wlger@?n saiq figsqdtusioextends ed in
cl aim 26; rei J i i i i i silicon
beneat h 15%1?82&8%??gﬁggh%@@n%ésﬁ%%ﬁo%?g I ﬂg’ggf’ 8 é@%ﬁﬂ%tbl%?%ﬁfs %Ea’%?énati on of
a cont acktraditacefdr forhfhtint of atdorthor adjakn?Baid\ght@bfiugtere.as recited in

claim 26, further conprising
10 28. A transistor as recited in claim 26, further comprising
an insulator adjacent said gate structure, wherein said contact to said

first diffusion comprises a conductive layer adjacent said insulator.

15 29. A transistor as recited in claim 26, wherein said gate structure is

borderless to said second diffusion.

30. A transistor as recited in claim 26, wherein said contact to said second
20 diffusion comprises a spacer self-aligned to said edge.

31. A transistor as recited in claim 26, wherein said pillar extends above
said gate structure.
25

32. A transistor as recited in claim 18, further comprising

an isolation structure, wherein said transistor is self-aligned to said

isolation structure.



an insul ator adjacent said gate structure, wherein said contact to said
first diffusion conprises a conductive |ayer adjacent said insulator. 15
29. A traweishore7as recited in claim26, wherein said gat ecItusozbsrse i s
borderless to said second diffusion. 0. A transistor as recited in claim
26, wherein said contact to said second 20 diffusion conprises a spacer
self-aligned to said edge. 31. Atransistor as recited in claim26, wherein
said pillar extends above said gate structure. 25 32. A transistor as
recited in claim18, further conprising an isolation structure, wherein

sai d traRS st dy triagsksdpr aawegﬁéd lﬂdi|§b[ngl8,|f§6“‘ﬁrl<i9rm§'ﬂ§m& ure. WD 03/019671

PCT/ US02/ 28265 2 I [ f

compr i sing a doitmet eteel 2 1Pk 3SRk pE A ef Didteo e aar,
form ng mratseéﬁncﬁtr%%mertwa@@.ﬁts%rd cOReA & Hetrieth sAbtRASE d?ﬂ&%ﬂ”aﬁ@' d
first diffusion and 5 sai d another diffusion extends over insulation

bet vieen saidlahtiser diffussors eateratsloveraingubadoambetweers satdbfirstiivansgister and
transistor as recited in claim33, wherein said insulation conprises, an
et ched aﬁé'%éﬁ%@n@éﬁﬁnﬁﬁoﬁl on structure. 35. A transistor as recited in
claim 32 wherein said substrate conprises SO 15 having buried oxide

i solation and wherein said insulation conprises said buried oxide
isolation. 36. Atransistor as recited in claim33, wherein said first
transi stor and said 20 second transistor conprise an inverter and wherein
said contact to said first

10 34. A transistor as recited in claim 33, wherein said insulation comprises an

etched and deposited isolation structure.

35. A transistor as recited in claim 32 wherein said substrate comprises SOl
15 having buried oxide isolation and wherein said insulation comprises said

buried oxide isolation.

36. A transistor as recited in claim 33, wherein said first transistor and said
20 second transistor comprise an inverter and wherein said contact to said first

diffusion is a contact to said inverter.

37. A transistor as recited in claim 18, wherein said gate structure
25 comprises a continuous interior wall entirely surrounding said channel and

spaced therefrom by a dielectric layer.

38. A transistor as recited in claim 18 wherein said gate structure is self-



diffusion is a contact to said inverter. 37. Atransistor as recited in
claim 18, wherein said gate structure 25 conprises a continuous interior
wal | entiwelog/osaert oundi ng sai d channel and spaced t her ef Pamusp2/28265
dielectric layer. 38. A transistor as2recited in claim18 wherein said gate
structure is self WO 03/019671 PCT/US02/ 28265 26 aligned to said channel.
39. Atransistor as recited in claim18 wherein said first diffusion

conpri segigriedatclepi@nthamesii es provi ded separately from said second
diffusion. 40. Atransistor as recited in claim18, wherein said channel is
of sub- lithographic width. 10 41. A transistor as recited in claim18,
wherein said first diffusion includes top and side surfaces covered by a
dielectric material, 15 a borderl ess opening at |east through a portion of
the di elmptrig treHstiorlas stitRl th tepmsL8iwiesreirasdidafifstraiffudidif asmprisemt act
formed in the opening. 20 42. Atransistor as recited in claim18, wherein
sai 8l secaoddpdnt spstims priavidedisepaaiehniion gaidsseqaksifiusiened by a
dielectric material, a borderless opening at |east through a portion of the
dielectric material on said top surface, 'and 25 a second diffusion
contact formed in the opening. 43. Atransistor as recited in claim18,
wherein said gate structure includes top, bottom and side surfaces cavered
by a di ed@ct rAdramdistdrads recited in claim 18, wherein said channel is of sub-

lithographic width.

10
41. A transistor as recited in claim 18, wherein said first diffusion inciudes
top and side surfaces covered by a dielectric material,
15 a borderless opening at least through a portion of the dielectric material

on said top surface, and

a first diffusion contact formed in the opening.

20 42. A transistor as recited in claim 18, wherein said second diffusion
includes
top and side surfaces covered by a dielectric material,
a borderless opening at least through a portion of the dielectric material
on said top surface, ‘and

25 a second diffusion contact formed in the opening.

43. A transistor as recited in claim 18, wherein said gate structure includes

top, bottom and side surfaces covered by a dielectric material,



WO 03/ 019671 PCT/ US02/ 28265 27 a borderl ess opening at |east through a
portion of the dielectric material on said top surface, and a gate contact
fornmed i nwohs/oomeni ng. 5 44. A transistor as recited in @caiusoiBs2esher ei n
said first diffusion, said second diffusion and said gate structure each

i nclude a borderless contact.

a borderless opening at least through a portion of the dielectric material
on said top surface, and

a gate contact formed in the opening.

44. A transistor as recited in claim 18, wherein said first diffusion, said

second diffusion and said gate structure each include a borderless contact.



