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Field Effect Transistor . Technical Field 5 The present invention ge FW“B '
rel ates toveDdyNogarf or mance fle lmm"“mm“ul@ ranS| stors S Ui RCINSH2/R8265
extrenely high density sem cond ated circuits and, nore
particularly, to dual gate field ef F8ET transistors havi ng the source and
drain | ocated one above the other and other sem conductor 10 devi ces having
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 I ' I r stringent of

hi gh frequency requi reqmgmﬂcgl [ﬂlégﬁétﬁ ,ﬂ?ﬁgﬁf@ﬁ (ﬁ:‘?ﬁsﬁ%m stors can be
fabricated sonmewhat nore sinply and with larger process w ndows._than
bi pol ar transistors and, additionally, allow sinplified circuit and 20
devi ce design. As derrands for higher digital swtching per mmne

I ncr eased, ﬁ%h ﬁl El @! demands for increased functionality m‘wmmm of
" manuf act ur ts on transistor footprint size (an
currerg-carrying capacity) 25 have also increased. Further, to reduce power

di ssipation requirenents as nore transistors are Rl aced W|th| n a | ven
chi p space and IWetYRseRt avanten geneeally valatesrie kighdresfarmancediigld tation

at decreasgf, \plibAIERitARR #B?%Qtreh‘?@b’p @‘é@%@%%hﬁ@oﬁ&u&‘éﬁ%&r%@bt age

- tends to reduce operatin

circuits and more partlcularly, to dual gate field effect transistors 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 ndmber of years and are
now the transistor of choic'e for use in complex integrated digital circuit for all
but tne 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
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‘WO 03/019671 PCT/ US02/ 28265 2 and the difference in resistance betmgng%qﬁ
on and off states of the transistor. This effect is due to the redu 06
ability toveodeett depl etion at greater distances from tPgF/usaz/z8268 el ectric
wi thin the conduction channel with reduced voltages. 5 Therefore, there

has been recent interest in field effect transistor designs which include
gate el ectrodes on opposite sides of or fully or partially surrounding the

conduct | onaﬁaetneehfferetﬂcbhﬁrresfs&@rm&é b@tv?ée@nﬂ’iéocbmbﬁdeff Sritbs opeiiéd fransister.and
circuit design and functionalit g, has been found to be very 10 desirable

to provi deThiy effiegirisrire to/the edcﬁbjthaBpCﬁ)@UOE geplepionaategregiere

one or o SRafReE Tl e B8 Hlepolfic AR e RAR enaM Nt ratfped "0

channel orvygnggest single gate structure extending on different -15 sides of
t he conduction channel inplies increased structural conplexity of the
transidstor. This increased conpl exity cannot always be achieved at sizes

Lhe same as or ragplibeL (hBANNGOBKERILONA InfAcbe ehbRFbncERBRSERS. FOr
gt pfect

exanpl e, severa succes ave been recen I eve u3|ng a

vertical f UBSEgmsathbndUMdeogatermmbdw oh oppiositetsides of e fullyspopadtialy t he
| ateral sides thereo

20Ho ver ction thlssubta i all
bar ol hel 1 SUtTRUNGHIE e, PP RNGCUAR chalsh cFidhgediainang stedraaiRts o bafh L o
to be for @rfé? e'drfd"eﬂ&@n%e%n@ P fuﬁ@u&walﬁgﬁit'r?ds bEd iR B EEy ON
of the I|t ogra y to used for Tesist atterning exposures to form-ot her
st.ructar es):lsstrhblestmplmndelcﬂmdddienemmmltms toHyes appliey teespaaeetted gatem t he
ga{te struct Pé~~incr easi ngl(,S c;eas one c@c?l nensi on.of the transistor

foot print . SHYEWEESAR PRPOSIEESIqeS: Mloihr oMU t o i ncr ease

resolution of radiant energy |ithography tools, such as phase-shift masks,
can only form features 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 complex'ity 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.

Addlition.ally, 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
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WD 03/ 019671 PCT/ US02/ 28265 3 additional "trimring® “process to est abl ir§h,2006
for exanple, channel length of transistors and generally conprom ses the
ability toweesitsin tight control thereof. 5 Further, dupCtmsezesdsasi c
nature of |ithography and sem conduct@r 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.

while fiel cagififishnl 4rifiRhH YrdceedlestaBIisH ORI Yox Hﬁangoeﬁawlqengfrpohave the

conducti on annel exten tantla y per pen to the chi

surface (e.gansistarsianal genieralipcomproatises Hhe a’atlttprm raalntala\stlghheom‘mohat i on
of connect,ions .to the source, drain and gate of the transistor are. made
much. nore t@l f997cult in desi gns 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 the5present ifwéhar dmlet’to tﬂnedaasaicaaturelm‘ldhbgraphyzmd nsatmscemdﬂctnaw ng

dual and potential l endent, gat.e struc t t and
e o DirSRbbeen, It hAS BRER S i S RV R Bl Lt Sey e S it &
vertically ﬁéhﬁ@ﬁbr@ﬁtu@ﬂ%ﬁ@&h@%oﬁb@&ﬂ@h chhhnel éitehas 30eshaTtifARY Sardallef té he

I nvention to provide a du gate vertical field 25 effect transistor which

can be rel |%I@1'Pduﬁ@&eatwbﬁﬁlfle|@ ﬁﬁéchﬁénﬁﬁswsl ¢audr it thaerdeheicopfigyred
different |y tﬁ%ﬁ. Ca{:&r}g @Hegﬁgﬁnelléxtéﬁd §u y{akzgily?ﬂréﬁﬁdﬂfulé%{ Vemp on

to provide ect ransi s owi ng contact
be conveni esurfacentede. 'Nerttld:uilyépmsaepré&:tkaFE&&&O@tMﬁ&fﬁlfﬁﬁﬂmtlon of

PCT/ US02/ 283(?[‘?[196%0!’15 to the source, drain and gate of the transistortare 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 réliably formed at high integration density by

.ot

providing a vertically extending conduction channel. ek~~~

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 h'igh
| integration density by different lithographic techniques.

It is a further object of the invention to provide a vertical field effect
transistor design allowing contacts to be conveniently made to the source,
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.gate and drain thereof whereby the contact to the lower diffusion igy7rgp 06
borderless to the gate. In order to acconplish these and other objects oYT‘J
the i nvenM®I3/01%76 vertical field effect transistor is pPEUUSRMS26c| udi ng a
sem conductor pillar conduction charfmel, gate el ectrodes in trenches

adj acent the sem conductor pillar, a layer of insulator adjacent the gate
el ectrodes and opposite the sem conductor pillar, sidewalls adjacent the
senm conducgate gnd Heainatheveoftwigeregpttke ebatact ddaheilowehdiffusiom hebordertedsat or
material in the trenches above the 10 gate el ectrodes and adj acent the

si dewal | s,tctm? g#ul at or material Dbei ng selectively etchable relative to
the sidewalls and the sem conductor pillar. In accordance w th another
aspect of the invention, an integrated circuit device is provided

i ncl udi ng i sol adn ederdbeadcamlistr thesdiang ethenebgaaks of $hé dmemitions a n a

substrate, v .rt'f)a field effect transistars, forned at. the %ran i stor
ocat Pons. VAHCAL DRl eeRar BnsR i s aeVIdRr et IHENg & bR cuctorpAT n
layer of 'Mﬁtﬂfn Bﬁ%ﬁﬁél?lgaté‘efe'&%ddfégﬂﬁ*iré?%?é@%rjrg%t'tﬁ@'s%fnhi%nﬂ%ﬁ{r' al

and the gate electrode structure, the isolation material being selectively

et chabl e pidlaat aVayarooftineuladgreadigcenhthd gaterelaatrodesiandmpprositenthect openi ng
formed al opg .20 an.interface, of . the.insylator |.ayer t.he Lsol ati on
e ai +  PoniCERSREAe Rl ftshals i Bk e Y RRuBRY il RBOE M R o o
meking a sgaiecélaotroties ideMe reriches Utistatar hatbAabi 68 trehahesd abdle tihe
provided 1 ncluding steps of formng a sem conductor pillar in a trench in

a body of gateselpriredes modl adiragnhitheeyidawalls Hbetinsulatoematatahbeing a | ayer
o Sar) S o PUEL ity LR ol I S Bhey SRR BEHAPANEL L Er L
material through the first insulating material selectively and adjacent to
}:.2;(13-/ fggg?g SEgganagégo%daggg%i t?lahofhrerzasgeclz:tEc?f &\%Oi?\vemorq? ér? Jl'r?tgg%ated circuit
_ device is provided including isolation material surrounding transistor
15 locations in a substrate, vertical field effect transistors formed at the
transistor locations énd 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.



5 In accordance with yet another aspect of the invention, a transi §tOf gﬁmﬁ :
provi ded conprising a substrate, a first diffusion, a second di f fusi org
above t he woOi08/8196di f f usi on, a channel extendi ng verti cal | BCTresoesaEst he
first diffusion and the second diffu§ion, a gate structure extending on at
| east one side of the 5 channel, and a contact to the first diffusion
borderless to said gate structure. Brief Description of Drawi ngs 10 The
foregoing and Otlh%fcc@?diﬁ@éémt%?i&%tﬁé&da%&fﬁfQB@%\YéHtiorpfa ﬂ@h&i%'tor is
understood fromthe follow n | ed description of a preferred

enbodi ment previdesecompeisinga s\mbstrart@faaflesidbffuelonh@ srcanidndisfusion abowsnthe s
Figures 1A, 1 d.1C ar | a nd .crosssseqtional vige r ectively

e inie ol TebgEGOw oS cReRbR efeRa e Ry b pat (FE et FHRSRLAB e
with the itRgeRrcbAd. diﬁugiUr\e%?%a’ie s@ﬂlctaﬁe e%ndﬁ?g oﬁcét Iéé‘std‘r‘i’e sitfe ofhe SB,
5C, 6A, 6B, 6C, 7A 9B, 108, 1CC, 11A,
11B, 1iC, mhannehmnd acontas to fe fll153(dlffl181ll.\n blarelerlmeto z.sgml gaBsstrusture16A,
16B, 16C, 17A, 17B, 17C, 18A, 18B, 18C, 19A, 19B, 19C, 20A, 208, 20C, 21A
21B, 21C, 22A, 22B, 22C, 23A, 23B, 23C, 24A, 24B and 24C are. plan and
cross- sectional views of internmediate stages in the formation of a
transistor in 25 accordance with a first enbodi nent of the invention, and
Fi gures 25A, 25B, 250 26A, 26B, 26C, 27A, 27B, 27C, 28A, 28B, 28C,

29A, 29B, 29® 30403 \ Brawings 31 C 32A, 32B, 32C, 33A, 33B, .

33C, 34A, 34B; : i C, SOA, 36B 36C, 37A, 37B, 37C,38A, 2 7 FEB 2006
WO 031019671 6 PCT/ USOZ/ 28265 38B, 38C 39A and 39B are plan and

cross-sectional 'ly e%’vsregomgnatnec[ nﬁwr 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, 128,
12C, 13A, 13B, 13C, 14A, 14B, 14C, 15A, 15B, 15C, 16A, 16B, 16C, 17A,
178, 17C, 18A, 18B, 18C, 19A, 19B, 19C, 20A, 20B, 20C, 21A, 21B, 21C,
224, 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 25A, 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,
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stages.in the formation of a transistor in accordance with a second
"enbodi nent of the invention. 5 Best Mdde for Carrying Qut the |nveniVd&B 2006
Ref er ri ngwmos/iie6he drawi ngs, and nore particularly to PCHOSe2/25 113 and
1C, there is shown an early stage in €he manufacture of a transistor in 10
accordance with the invention. It should be noted that throughout the
drawi ngs, Figures designated 1A 2A, etc. are plan views of the device at
various st g bagt ' ' . ' of téelnedideat i fier)
and 1C 2%,gssét3(gc'(a ! gﬁﬁli%%%tarﬂaieﬁ Eggg?gisc%%glnogﬁlﬁiﬁss gl ong the sections
1-1 and 2- sPagesdspbetfoveayionaas s transistor A acoardancemibss secord secti on
positions are 15 indi ed on . the sane drawi ng sheet, such as in Figures
22A - 24A ﬁﬁ’g?‘@?mﬂ”quqjﬁbﬁtm&wc?'bn | ocations are placed through contacts
rather than.in the |ocations shown in Figure 1A Additionally, further,
Figures having "B" and "C' identifiers indicate 20 n-type and p-type
variamts of the transistor in accordance with the invention. Generally

1 papts W | L pd at.different |ocations on the sane
waf er or cHEF—-Seguehee—ant—t accoraarrce Wi th bl ock-out masking as is
wel | -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 i nRefereing nowdpithe slrawings anHemereparticuarly fo ddgwiedkctBuwi t h
the inventi d I ' | .ans. of 1.0 | "B" and
"C' identi 131% r,feaghetdgalséﬁéﬁ{naérpagéﬁggf%g@r&%@?@%ﬁ%ﬁ&g?es% ct)ﬁérllﬁlygrsfé)F r”ggi ons
of thep waf elccbayaiud wite thariaeestign.clieshould fleamotedethat tidkcumhous ¢he di nensi ons
of/ features depicted in the, cro s-s%céioénal Vi eWs %ener correspond to

. |
the di mensid§AYINGS, Fégyresslesignateq Iy 6 aRPEELY Y yéﬁ%‘*%@ﬁ‘%’@sﬁz/ 28265

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 -uniess 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

4
~—’

same wafer or chip, in sequence and in accordance with block-out masking as
is weII-und'erstood 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, dimenSiQns of features depicted in the
cross-sectional views generally correspond to the dimensions of features as



depicted in the plan views but are not to scale. Startlng with a S|Iz7c|@E'B s
I nsul ator wafer 100 a screen oxide 110 is forned, preferably by heat )
t r eat ment Wn@d/0a9G7esi st 120 is applied to the entire 5 walP€T/USTII8L6Sr esi st i S
first patterned (140) in the PMOS soutce 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 in regulating

i on i npl anggpicest siephd phah eichediutvaleyndtatodsyalei ng ion trajectory and
i npl antation di rectlon The patterned resist is then stripped and anot her

10 simlar resist layer 130 is applled and patterned (150) in the NMOS

sour ce region eni c.,is t. regi on

170 resulting $ﬁrfﬂg VEWP l?csl'[] 8" o|n| gpfﬁgr Sy% Jﬁoﬁ%grsz:gé%rhgkld%éi@gs formthe
structure R, 'ﬁ?eﬁ:‘rﬁbryeb Heat #eatrhbat SAd eLrespsti X0 ilslé)p Il&:l toyhdensits i pped
and replaced by a pad oxide 110", if desired. Cenerally it is preferable to

repl ade t hwatasr cHis orsisk is fiost: pathersied (t1I4@) podbe l?M(PSySO@fCG ERBiPR @idse by

i mpl ant at i a [

deposi ted $§rqq\ Q%‘gﬁ%k?xg&{’]&“ %FEQ%CF. co tﬁétp Sgﬁgg%%gﬂgﬁyzlégeels@h‘o t he
ger mani um @il geovide @ fesiegarmpiited degiorc D60NEThd srrgeh axiué 1a0 uasusmfdlll mbe 20
evident to those skilled in the art fromthe di scussi on belo

shown in regylatiag don impiantatiopsdenthdnoetfactiygyy F@?ﬁ%ﬁ&"@%ﬂ‘?%ﬁ%‘?ﬁ ng?dand
the nitrid gl%?ﬂaﬁﬁ@ TR rPXTﬂSHaS?éﬁﬁéd SESOEE Rl ﬁ?l?pteaeaﬁd @q_ﬁ {rdr O
nd u ese

regi ons 33 ine c anne and transi stor rrent
mat eriidal s sineilaracssidti layat 130rid applisdrardlipatterntid (]éjoa)nnlthb NMIO&csowmeeet ch

tes that b h 25 th t i st
i1 act ur o, FRBBy ARSI 60 mIEaIac T ot p i, PUERE B8 IhadE SkilTed i
the art. T!:\%“ultlhgﬁ’n‘ihért?ﬂldiﬁﬂé ARBstAted A iIFlbged ndiCilled with silicon

oxide or other desired shallow trench isolation (STI) material 410. The
surface is then 2 7 FEB 2006 WD 03/019671 8

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 widtﬁ 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
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PCT/ US02/ 28265 pl anarized by chem cal / mechani cal polishing back to zt7h
nitride polish stop surface 420 of a remaining portion of nitride Ia@i—egrms
220, resuma03@1961 t he structure shown in Figures 4A - ABT/ESREB¥Fri ng now
to Figures 5A - 5C, the position of & nold for forming the vertical
silicon pillar which will formthe vertical conduction channel of the
transistor is defined by application of a resist 510. The resist is then
exposed uslanarized bydhenaisal /shedhanicallpalishingback ite HbenisidecPeiHE 8P or

oth t ' h . Hoi >

Form a narsuBipcasiaias & B9 BInisaRL 0T HEBRHLR Bt 4% MsLing TEY o7 850 *°

across t h?tﬂg)%-gg%ghoﬁﬁghqggu@m .igp.accordance with the patterned resist,
e, and pa

the nitride, oxi de are etched selectively to fill 410 to the
original silicon wafer surface 620 to formthe pillar nold 610, as shown

i n Figur 6A -_6C, .and the r.esist trA d ) le | ' ; |

t henI gi '?in al I@’? Sﬁdﬁ%ngpg’ctt%l %/'%ﬁk/gsg?é\?\ﬁﬁc}'qﬁ%\%?-ﬁﬁ%%g?: r@lgnmé}%rlsép i (':rcz)%%\é/a?er
surface G%rﬁea[]hi'ﬁ'cohrtﬁlIﬁpmi@ﬂ—ﬂilﬂfﬁin’ilﬂﬁ?eGéﬂtfo@‘k%ondb@ﬂaﬁ!dﬁdnébofﬂmjlt i n
the structure shown in Figures 7A - 7C._ |f pattern_520 |is, of

sub- | i t hogirapsiistomisciefineskby applieatiomiogagestsy 510sr The sagiskis HGM@ROSER 1 ¢

k, th il duct | h | wi . '
sub 1 i t hoohsIpRad Hanes SHECHRGR s oihet LB Rft HRESRE St her prgcess o o
the silicofedniids sisch §§@?_§wsbm catitedli width adsddveteed to fammaamarecess
which is then filled or afilmfornmed with TEGCS oxi de orcﬂLjPCVD gﬂde 810

and tlte su(Hoassiblughisnbpithagraphée wigthorineas patieso P24 aarossdnedimyg’t o resul t

i the structure-shown i | gures, . T : i ' 9A
"ac, “t he FBin TSR T phed YR she BapEmed Plst, Mg I, dhd 49 =S

pr ef er abl y?ba oxidehrebiohedadiledtively eoilind 1O 16369 origltal (SHigon eadd surdage i s
renmoved with a water rinse. A conformal |ayer _of nitri d§C910 I,s then

! ( i
appl i ed, pPaPdedbry e rilarmeln GLG; aeshowben 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



WO 03/ 019671 PCTI US02/ 28265 9 vapor deposition and covered by a r&z EEB 3396
which is patterned in the region surrounding the nitride covered silicon
pillar 71%00hisTnitride is used later to facilitate boPGEfUSeEs82650nt act
formation, as will be discussed in greater detail below Then, as shown in
Figure 10A . 10C, the conformal nitride layer 910 is 5 isotropically etched
I n accordance with the patterned resist 920 to partially open (1010) the

nitride 92mmir ddposidbh andotovdred tiyeaebsistipaoavtich ¢s pattesnéd aothe padibar,
the resist is strjpped. Renoval of njtride adjiacent the pillar q{ 101

control s tHTPeRAINEcWE RigHARIYRredrsiiicon RIBan/ILO. bEhigimirie s ¥3ed AT 5

ext ensi on

appl i ed to*agﬁbelt% K’gkﬁﬁ&%& %%&?ﬁ&%ﬁgtﬁﬁ %]é Iﬁggﬁﬁlgéjsﬁégn Fg’c:e;r?t%tgﬁ
processed. b§liow. | Hherﬁ)f@§356WHgn\lﬂ|gure LOAr- € etlhellﬁ)rﬁ@m’ﬁalr miltddéwayérf&almlk@s
transistors while the PMOS transistors.  are masked with a sim |l ar . bl ock-out

mask. 5The isod@picallyriabeshin #ogosdasce witbthe h@tte@%&esrﬁp‘%ﬁq topartiahiye

ful t 1C,
2 Tayer oroBETELOFE Bie hifidet¥ 28 e WRe boREIT S A6 bR Ry BL RN BStEliogdy
i s ani sot rpma@gtﬂyrgﬁeaosl $teippent eRemabalyofoyitrige aslijecenatbe mlléq!rosh lOibﬁ
| eaving a layer 1110 in recess 101 ' '

and cover|, .he- rm nation of
nitride QZSO%WGISOWPCHEPPZfB‘PmaWh'&%r’Inéi?:‘éré t1gg WHPBEVQBBS%%&%@@) ahj s
operation hﬁeh%@noaﬁguggype bAilar process to deposit a Si02 spacer 1120
[ 1 t

covering the arate the drain structure fromthe gate along
the ol I ar foll owed by a di p-out process, if necessary, to renove residual

e oP0S! Ayl ok el o TR GRS R st
as shown ’tr%nEléiblfsewF\ﬂéthe MﬁosTﬂanNM&s(a?é priE®Iseld! a®ighivaroproviel simgawiél t hen
opened by ft-off glass technique dissolving layer 1130 and arsenic
silicate gtlwgattﬁsge 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 layers 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



or borosilicate glass, BSG 1210 deposited, again preferably by i dn £&fi 2006
plasma vapor deposition or PECVD (which preferentially deposits material on
2 7 FEB 2008033%€'3/ 019671 PCT/ US02/ 28265 10 hori zontal FEAEEHR6S ol | owed
by deposition of an Si02 spacer and dPp-out, if necessary. This process

al so provides simlar |layers 1230, 1240 on the top of silicon pillar 710
and surrounding the transistor site as well as on the surface of the

resi st 113borizpatalspstaces) tollavias by deposidion ofeaanSiQ, snaceriand digreullibss 5

Chown 1 n FrgbraEn This Bipsésy GHeTo VOB RimlaG I S3 2507 waabion S o 8

silicon sukflaeaspidad HU&@@%drroWﬂjQ%H@e tHaPlsREbF site B4A4k|i as oarteckurface
self-aligned with the channel by either oxidation or CVD, atom c |ayer

epi taxy 100bthe resist ke30hathedgpesitprethbe yesist acuremevrd okankiloff glass hi s
int,.a h treat ment . b f t t di ffused d t
oo 14 BBbcos, FRUTERR A B R ATRBSIT DB | e ot

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

material (sel f - Ahegnas shewwiintFigheeschbhndidGredsagxificial exidet43 issioemess

i a1y PoResER AR SurRhFEpg Tpar T b SISRC T 2370 BlmBt”
channel butselftdlighedavithehe ahannekbpeithed okidationl orsOVDY agernic k44 epitaxy
residual dopant filpms such as .1440 that are still present down to nitride

910, Hecesorigedike that eaneempigtelt sursaund dhe chanaelyodt thisgpomt & krat1530 in
i e s SRR g B el 8 ol e ERHINR A RERSIF el
si dewal | s[frearerthe K8 andE8G tasfosnotive drairfirgthesloliok parl 6€Cthe siassister.agai n
SO o o g GG ol BB e AR A it A ISR B8, G, ot e
etching is rgepdQvEBA TRe 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 210, 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,
cép 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
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accordance wth mask 1610 which serves to renove sidewal | spacers #’5?& .
that are not adjacent the silicon pillar 710. The nmask 1610 is thJ 1006
stripped WON3/OM6fri de i s deposited in the recesses over PORUBRI2$HS|I i con, as ~
shown at 1710 2 7 FEB' 2006 WD 03/01B671 PCT/ US02/ 28265 11 in Figures 17A

- 17C and etched ,and/or polished to renove surface regions of nitride

| ayer 910 and forma planar surface. Use of nitride allows selective

et chi ng ofintfiguespl Hki- de7 B a0 degtghédvaadg od p8lshekP P remove susfaca 8égioins of

applied, as.shown i i gures 18A - 18C and vel oped to forma PMOS drain
i Pr& ant 5 Tdge 3@)@5 %aﬁarfegm@ptﬂna@ugﬁ@ﬁnc{f% of Eﬁwgg ajlgws.sejegtiverne

[ | ant at i : 'fgeeg r e d : i ‘ :shown
i rrlmFi gure ézigglr‘g'?le | n%%grel%(at i o%gtgpﬁgégg&i Is)g%%mf; ﬁ?'e%?%h%:%%%égnt%@’f'éghe
dr ai n dopiasgshales ém Figadead@re - WBCcandrdgvélepad\tarfoagenBMQS exainoin @dnit n

order to 10 indiyidually tajlaor the sour and [ h cteristics such
o5 Tos' pr uask with aeSies J01 ahshowadt Hedes A" 1oB STRS imiaiafon pped.
oxi de or Tﬁ)@@ s At EH Gl4T &@E%%I ' I 7RG Qf r; t he
surface repl aﬁ%?%ggﬁ&%ﬁmsﬁﬁb{n |guér ggp%q,&&g%glc, a%?‘??i'ﬁ?@?@ﬁﬁggbp

| ayer 2110 and an 15 oxide inter-layer dielectric |layer 2120 are deposited
in sequence over, the entir.e device surface, Then, as sho i n, Fi gyres 22A -
DC CHcure 25d hipianialiop REOCEss Rarprabi e naePSTaTHo g ral Beap e
source co ; | : r ' r ist. This
etch fi rS?@g@%ﬁwgﬁmﬁt%pgéﬁégﬁg%&ﬂiﬁr??Elri e 1512?81,eff?;§]e nitride
211010s t Hodividualty taitdrythet shudezmdsd@ipichgranietibtico gicle asdpr podding t he

i1 1ar 71 imEg R rEcPRB BT nTnd PR R StubBey BrEe th G R °°"
reached i npi@ireszi Yd&pdsiteRDimtife AerAQinlA® reddss alrghtHesurfeey replastized. t he
processes of Figures 15A - 15C to 22A - 22C al though additional annealing

could be perfornmed, as well. 25
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 béing
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



Fi-gure 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 beffdtd 2006
(etch of Wx9dH967120 stopping on nitride 2110, then etch PaTUSOZ28265110 and
1710  selectively to oxide thereby ndRi ng gate connections on both sides of
the 2 7 FEB 2006 WD 03/ 019671 PCT/ US02/ 28265 12 channel or source region)
except that the oxide cap 2020 is not etched and the opening 2310 is w der
t han t he osharnel gy s2020e regivapaxaept thadthegxidedap 2020:ist melretshed aoid t he

oxi de ca 020 a i ne 320 contact sfructure is
R e o feccndhpR st B B AR R A& e 2040 67 sl ere Bhedines made
openi ng 2330gjtRed SRS 1P &GH@%&E‘@)&SQ'SHBW’W& QEEWéd‘EnE?rZ@?@h gilfger OXi de
cap to contactte !tnpm?:tt]ted rtﬁgzl on . magerm atqugfmi e gtcI above the

t t contact s higt ist Hhersdimrdedes® € soardm ass SimilaHg, ree
g?rﬁctsu;gc V\P arat e 5 ts can cont 0 t > I rg ??ns 1440
i ndependent?V aciSBQP{ﬂﬁg g@ 3%\7\% DY FReS "éeeﬁﬁi%mg bf" Fﬁ‘é‘% Meection
5.5 of Fi gyfigle c%‘b“tcﬁ‘@é'nt%‘t‘iﬁtp”%{teﬂrre?ﬁm g@tlo%t”l%'rﬁﬁné(‘ﬂ he 16 gtdtlﬂﬁgb&fe?‘ of

Fi gure 22A. ain, the openin rain contact ane of
t he page othe gat@mteumm sus:hpttaat theredumel mnt‘aatais,/bowdaxteagdss the gta[ben t he

side of the dr struc S ca er the | de
ctch stop FeUERiRe ] sebattp SontasaredBiach erch of he Beld e OButuah by
nitride | aypfepd ﬁaeﬁthh also serves to insulate the contact fromthe gate
el ectrode formng_a borderless contact in which .a contact can be made to

a stricture wt hout providing an insulator over adjacent or underlying

bl ator The PRIFERLE, SULES B0 BAR T Br e By Y sBEF S 5 didfepre,,

pol ysi | i cop4Ararichwhisunts, orgmay ristccalneide withsiedtionang offHigmar2zang t he

surface. 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 casé, 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

M 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
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Thus, it is seen that the invention provides a verti cal conduction ? FEB 2005
channel field effect transistor having a dual gate | ocated on opposi

si des of wdesmesducti on channel and the source and drai rrdoesat/estéone above -
the other to provide a footprint-of ®decreased size. In fact, the only
limtation on scaling to very small sizes is the need to lithographically
define the pattern for the silicon pillar which, in turn, is generally

l'imted byll’El’E}%réﬁﬁi‘lJ éﬁtﬁde%’hr@ftoéhe(/\hhﬂe ﬁ@pﬂman% W&Eﬂﬁﬁbw@gﬂylﬁ??&%%%

13 l'ithographic expos | ar can be made narrower by
various | Ilthugyaabiwu enlmrmmemrmrspr@cem Mques:amlmawémwsﬁhg. dewal | s,

022 SR TR T B A6 PR g "
phase- shi f &uz@&poréw&trﬁstlﬁﬁhau@nec%rﬁwbafﬁalw bioitew Hyepleasdshifteskposure
reference to a preferred enbodiment of the invention. Additjonally, this

pref ersr ed éentwqmsucb a@ewrﬂl mw bei axplainad ptl sefleeance ta apefertader face with
shal | ow trencnkaﬁ soI fgpl structures and, in essence, the 10 etched and
deposited &l PIWELP s a trim mask and sel ective etchi ng
limts trench/pillar length. The contact to the |lower diffusion is
borderless to the gate el ectrode, the contact to the gate extends above and
on two sides oAdd?ieOmmmrmiﬁeptﬂf@lfsdtﬁmbo@lmﬂ!ﬁisllséﬁlf tﬁé’@ﬁ“&ﬁ@"éaﬁ@ evlgsact s

cont act 1 o2 Ko TarcttagsnBsnRl Sk el ool sl FRGIT ess it 1l

Furthgy, t @PcHééV\@ﬁél Hepioritedi $TIUSrOetues i D6 laglotvihheapk laharsedectivext ends
beyond t he gél | ar bel ow the gate structure for for t|on a cqnt act

adj acent t® fga&é‘@ttﬁd&r@ﬁfb(nhklﬁﬂ length. The foatast tegihec @M’Lertdd&“ilﬁf‘ésst ructure
allows ac %Pé‘é:rtleé Otcffh% %Eﬂéeglegi’ro . ﬁ‘i’é‘gb‘ﬁfd%‘?oltﬁé!gr té‘@k?é?ﬁf%taﬁcfwrﬁ@on
upper diffusron e

Mor eover , cont ac , can In the form of
sel f-ali gn@ﬂosmeseof mdslappeMsacoadl:Ewtse aliffvsonhsepprate gate contacts aaml behe
first diff %ormed on two olrjsﬁggretgnﬁferen s?dggg Cé cﬁgnr?elpor itP\Q c%fntéact 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 géte structure while an
insulator adjacent the gate structure allows a contact to be formed by a -
caonductive 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
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further transistor as will be discussed in greater detail belowin
‘connection wth a second enbodi nent' of the invention. It shoul d al’shbFibfk2008
appreci at s oxdiad7s in the first enbodi nent descri bed abowernishz28és | ar

form ng the 25 conduction channel is Wdpitaxially grown in a recess while,
in the second enbodinent, the pillar is forned by etching. Turning nowto
Figures 25A - 25C to Figures 38A - 38C, a second enbodinment of the

i nvention detdil wihdifeerdiemuheeitst Satpodlnfdidrafthe snventib/ desdsiiiDaboV@ as

03/ 019671 14 PCT/ US02/ 28265 detai| wll differ fromthe first enmbodi pent of
t he i nvent Wihbgeayidetaandisene efswhigh maybessubpditutachipraypreessesinitbr firal be
substitute ; es.Ln e Ei ' t Vi Ge- r
oxarl e, ¢ REDEFEEE SRREA oL el L Shpmpl® b SRR ARRA ey ShBRrat e |
enpl oyed i prédessstasenitdeerdinsliensant baripioyed in tthe sedesd ehfiiodimenbaneiod i s
omtted for clarity. The principal difference, befween the fjyst and second
embodidrent furdher desGriptian f@repgl&wlﬁa@ delecl@ritynd heppraneigal ddtereRee f orm t he

trench 2728 MM fitet MY LoRBotEHBNObs {HEinfv%ﬂﬂﬁrIg% 08 nG RN 1t

the step shown 1n gures re specifica e trench 2720
i s formed, procesawedbtactorm the treach 2¥ahwhiptbwill peovideisi padternpghasiee shi f t

mask which allows smaller fegture sizes,tq be lithog hically defined
usi ng el ecCPBAHGHER irgi‘aéﬁélr gt/ the stepgihawn 'W\E\Eéﬁr%%gbﬂ‘.' é@ewl |1 be apparent to
those skilled in the art, such a technique for formng the trench, in the
absence of trimm ng using additional 15 |ithographic processes, will result
in a to ench haviMareapekifieailygtoeritenich 272(p & fororddy ia asootdanceofithvtheh i s

shown. Qther transistqrs .be si mult aneousl t , sequentially formed at

ot her | ocaﬁ?_%?l%‘?§ 'mﬁrgﬂlé'%éoo"b?é_&fé}'&i@??{}i’géqh q’ﬁ?_ S _sf"@ilteﬂ?f%atﬁfet he

second embagleganlnofitiditapianyiitindd LRk d &t aaghafi lenbAtyesr a pRigmL i on

of transistors in accordahce with the invention in pairs which may
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 s{ripped for the
impurity implant in either case. The wafer surface is then covered with a pad



20 be opposite conductivity types (e.g. for inverters). As shown i ure
25A - 25C, the second enbodinent illustrates use of a SO wafer hdV

active silw@@o9aier 2510 with | ower drain diffusions 25%X/USH22€65 of
differing conductivity types already #5n place. A resist is applied 25 and
patterned and a PMOS source region 2530 is inplanted. The resist is then
stripped and another resist is applied and patterned and an NMOS source

regi on 2540xiientiayar P$50rgrichatrétlideAlaiem25€0, process is used for the other
polarity: device. A screen oxide can be used and stripped for the inmpurity
implant in either case. The wafer surface is then covered with a pad 2 7
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Iayer 2560. As s respective transistor areas are

defined | lithegraphidatiyl dnd amhedttohimlm shailtowrt@mahésm regonb%hmwhmjn are
2610 which, are

the wi th an ox ther I nsul at 26
orof ermbl y B9 GHEHVIR SDAIAC Or e 1NSIAOLHER ORI IEHA ot RSN VaReE t o
nitride 25¢ &WD 7 i ed and
patterned, pPe?‘Zra uj'sg?ld 'fh@% gé@#sﬁ@@io rﬁféoéglegovlvﬁssgﬁ%@%e et chi ng
of a narr oﬂgureacﬁi’PQ?ZOCt a nehe;t 257d1®r seapplidchand mmrned,r prgferabdingsing a he

ond i hi s ¢ bk Pt PTRS 0 B SHleai S BToTTRERT 75 oM 4T STRA B4R ¢ b the
llevel of nighiideimMpltt dv.ﬂ,%@é&we %fhg%%e Iaéﬁlo@%@théﬁﬂ%r%&%%’t‘ié@ce

nitride 2580 IS renove etchin selectively to oxid ad oxi de
2550 16 thehanaabslapet,oTheeeslablammped g theig trm;pl'ors U@Bd”tf;d mtlb\r ¥P etch

sel ective e no r T and hal | ow
trench oxi hgc%%ggﬁrﬂ%fmt %qa}g Iaagzhe?q]ve ﬁg é"ﬁ‘tdt/et n%%gﬁ)SWPéEm Y% in
the struct pga SEgvynrérﬁaﬁhagrsaﬁa%%utné’e%@seess&emmurb gtefchad - 29C,
silicon is anisotropically etched sel ectlvelﬁto oxXi to formthe silicon
pi | 1 ar 2916elechively ¥ prigeerts 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 anisotropicaily etched
selectively to oxide to form the silicon pillar 2910. This is preferably
20 perfofmed' 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 diﬁerenf. 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



20 perforned’ as a tined etch to |eave a portion 2920 of the silic 06
of the original wafer in place at the bottom of trenches 293.0 OVZ?I @fﬁ@

| ower di Woussioasss1 2520, 2520'. A layer of nitride 3010 i gcriusoe/xeqsosit ed
and patterned by isotropic etching 6 accordance with a patterned resi st
3020 to cover the edges of the shallow trench isolation structures 2620 and
extending 25 partially over the trench bottons 2920 at 3020, as shown in
Fi gur es 3Q4ilizidgCiffé¢lentwitriddpatterniggi)zed 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 [igukes, 2o mgdaG1R. 30, odifionsOhirlass BHIRkdiay for those

of Figures 1A and vi ce-versa 2 B 2006 03/019671 16
PCT/ US02/ 2@gfidsited dnd i sgropithity @dthed sudhlthatedepositiedanitride is tippechfreigur e

31A - 31C, addit | trid i call,
i sot r &pi caﬂh%ﬂr!@'ﬂl@lﬁg’g '§|r.;i|%£‘lt3?f§t Ihée%ﬁé‘?s'gtﬁ’@?%: fﬁ!tﬂéelg) OSI t HEP‘?‘fB‘?n 5 the
trench wall r%IQ (REEN .tfsm%‘r@hh; BABKREdS &G thdlsidd ﬂﬁn?%ﬂe'rﬁtw&é gnnedist o

apprOX|nat nal | ckness on the side wal le nitride 3110
is provi de)veded b’ether tnecichbudttam toopmw(d.e sleparapanaaﬁtba garte ishraicjanec(to

N tride i bt Soroueh oS sRoR e Bar e 2A Ao ram s ol N Farfib@d
i's grown Oﬁomégdﬁwa}%gﬁlshir@ SHEMRGIAI bkide 32 PAM ggowm@nsméfsan@omhen

t he oxide 1s renoved) and d channel inplant 3205 can be perforned
to priévi depidlar sucface ffarrdlearing ihe sufréaogl wiaen dhe ph@lesnslrﬁmqvego @ndrarv910, as

n
sner 11 o aftR rhannel tBBLAT 205 ERhbe RS hed G RbALE S Rtecki auritis
formed by ehehé Biasaéile diliaon @ikart DOUOS a9 indibatydl oy dashed linee 3248yl d be

i ncorporated. A simlar process could be enployed t he orr spondi ng
point in tEB‘Sf‘m%'?nBrﬂ%HF%?éﬁt yﬂ‘wesasqmq'@.%xlgﬁ M%}‘éfféé&f? ope?hg

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 STl 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



I's then stripped. Gate oxide or other insulator 3220 is then for r‘B&
| ocati on of the renpbved sacrificial oxide, preferably by a brief %E Uuo

t r eat ment WO p3/&867@xygen- cont ai ni ng at nosphere and the tr ®0FAS02/28265 i | | ed

wi th conductive 20 gate material 323037 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 sidewal | spacers 3320 as

Eho;vn | nI BE@ar %ZQﬁAnd 2530 aEeoﬂgem sxpdridsal at|35261 aﬁéﬁ%byh'fef‘aﬂeaam'nrctienoved
y 25 selective etchjng in accordance w a li i G ed cap
mask 3410, ‘nt&s?@chg'qf] gharnel sagion @Z@PC%P&' ﬁ‘i’rgéﬁ@é’“h'@ §'¥W\af‘ §%to that
descri bed T, 3410
is then St?l?g‘é?ge's@gﬁ'ﬁ‘??ﬁé Pm%ﬂgrgrdezﬂ @ﬁn%@éthe ?‘g‘érseg%a g\tde%t%hriemggt

mat eri al 32k 'etnediﬁfushed is mﬂd1atectirodetl%gﬂeamiyshbomﬂﬁﬁmbykheIgain enitded or

2520, 9520 S50RAHRIONRE cifiufion, S Lepat, 2026 aad by Sipwalla AL (e o

into the CQ@%%M 9§'|d% af 8% Gpp & m&uglc?q.p gol(bggogmo whi | e inpl ant ed

i mpurities In the pil1Tar are d|f us the'pillar. It should be
noted that this dlffu5|on Is insulated fromthe gate pol yS|I|con 3230 by

th t id 3220 at, the, | diff 35 d by

Si devl |5 3320 ESHECe e GLe R qonat P aings 3028087 B 41,9860 820"
(2530) . SoyhRed %tS?IOWIFFiF%\J?e§ 96A3C36®p§7'A N@yPaRE 38 298@“5%@@2@51@'699
formed as shown in Figures 7A - 37C and 38A - C using resists

10 3810, 3‘8&1%@?1&4091 Mq@spe@tmely.l in armannessigilar rt@rthabdtsnuﬁseﬂ Htussed

sac. “hgai fetehangla i EBRELERn Wil FlayPHL 22T TR C oS - ZTC P RRAT BAC ¢ he
oxi de of tﬂ"g%lﬁT’dheS&rralﬂﬁfcbheacﬁr@bér@% Pyvforiierl By tar deleciivelewahl of theldkiae of he

interface with the STl material as with the first enbodi ment of the

i nvent i on, theSTdateicivee apddelipws tb@)ﬁ!tﬁtﬁe ggewrH O lRat e ikdprface pdtmthel by
sel ective %tﬁ'}hggerpafl Hi56! 98 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

Alternativély; as is often the case, it may be desirable to form a single
~contact to drains of two adjacen’i transistors or (e.g. as an output connection
for an inverter circuit) the transistor drain and an -electi'ode 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 ars, 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.



.and/or -oxi de and |ithographic patterning registration is not criticaly fegtgems
at the extrenely small sizes to which the transistor may be scal ed by
phase-shi WO 03H8& 1pat t erni ng and/ or ot her |ithographic oPGIfUSE%2EI6S

techni ques alluded to above in accorlance with the second enbodi nent of
the invention. 20 Alternatively, as is often the case, it may be desirable
to forma single contact to drains of two adjacent transistors or (e.g. as
an out put conneétn view of the foregoings iteis seendhat the hwehrtlams;i)m'cdesda &'ertleaid an

Tt enen 1o ofiatd Btiest fiabeistBt stribuit ol er hes fuanbetenselly ofeamasentrnes

transi stor t i de
Si dove | 5 S000§MICR pA/FEL IBrhWdantbRrorhy ) GREFof aiRiEF SHuRde B
and the re«ae\slsdrfanhIcednectlbnswmubemrrﬁédﬁelsamy aas wlthmglsattmel;abargaom in
Figure SQA? 39 of the, abgve-described connegtions are borderless
as inihe fi lpggr armredﬁgtsr#@ IGTV B Brasiees Proviging Dl MApUWRIHIne71 18
PCT/ US02/ 2§ In view of the foregoing, it is seen that the invention
provi des a“vertical field effect transistor structure which has dual,
potentially independent gat es and which can be formed in an extrenely

smal| area of a i sour ate and drai nnect f ormed
reliably and wi hoﬁ V& |0|n @%b%erl HP%&? H gﬂ@?&)ﬁ %pF%éf §Er ation
L ol erances gpitbdiftdlits itien rmeu{rﬁgéw warcwénggabtevmﬁe $ACHNHARLIRD wiRks

been described 1n terns o eferred odi nents which are, 1n part,
i nt er thangeeatognize riba’etmmvleedionmambe aractidad with mediipaition wihin thee
i nvention can. ﬂaeﬁ)r actic diification within the spirit and scope

o The. oo SRiLEEad 5Ehbe G dndepelRead s 1)

- Industrial Applicability

15
The present invention is applicable to the manufacture of
semiconductor devices, and more particularly, to very high density
semiconductor integrated circuits.
20



15 The present invention is applicable to the manufacture of sem conduct or
devices, and nore particularly, to ved9 high density sem conduct orp 7 EB 2006
integrated circuits. 20 19 Cains: A transistor conprising a substraf Q
first diffusion region, a second diffusion region above said first

di ffusi ondiggi®n. a channel extending vertically between said first
diffusion region and said second diffusion region, a gate structure
extending on at | east one side of said channel, and a contact to said first
di ffusion,regi tborg‘)r ess. to said gate structure 2 7 FEB 2006 2. A
transi stor’as 5??5 GRS 1, wherein said transistor is a vertica
transi stor andswbsraed,n said first diffusion regionis formed in said
substrate and s Cond di ffusion region is formed on the channel. 3. A
transi stor as @Z%ﬂ¥ﬁ§h$ﬁﬂﬁﬁ5mw12 wherein a contact to said gate structure

ext ends above @@ec&ladtml&rftgfon%o@@sa% ﬁFs@QﬂﬁstJn Bgishon region. 4. A
transistor as recited in claim?2, further includin separate contacts to

separ at e porti @sbamrel @dmﬂlgat’@’tlsall’mhﬁ\W@ seid fiist didfusion regioe sndfaidai d

channel . S as recited in claiml1, wherein said gate structure
ext ends ogaFﬁg%hﬁﬂ§ ]%g? S5aid channel. 6. A transistor as recited in claim
1, wherein sai d gg&tstrusturaietterrdingo sirletst ome side of safbthahhelpandsi des of sai d

h . 7. At t ited incglaiml, furth | udi t act
[0 sard second® SONRFIeRBH eghOi Boresbrulctles: Wbl gt srifitict ure.

2. A transistor as recited in claim 1, wherein said transistor is a vertical transistor
and wherein said first diffusion region is formed in said substrate and said second

diffusion region is formed on the channel.

3. A transistor as recited in claim 2, wherein a contact to said gate structure

extends above and on two sides of said second diffusion region.

4, A transistor as recited in claim 2, further including separate contacts to

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

5. A transistor as recited in claim 1, wherein said gate structure extends on two

sides of said channel.

6. A transistor as recited in claim 1, wherein said gate structure extends on at

least three sides of said channel.

7. A transistor as recited in claim 1, further including a contact to said second

diffusion region borderless to said gate structure.

8. A transistor as recited in claim 1, wherein said transistor comprises a pillar of

single crystal silicon having an edge.

[RALIBW]56454.doc:RMM



8. Atransistor as recited in claiml1l, wherein said transistor conprises a
pillar of single crystal silicon havi2og an edge. [R\LIB W56454.doc: RMM
20 9. Atransistor as recited in claim8, wherein said pillar comprifE8sl006
said first diffusion region said channel and said second diffusion region,

sai d gatestrucgt . .ext end] jacent said.pillar. 2.7 FEB.2006 10. A
transi stor’as %@#‘fsés riaﬁ%%(fl%lgﬁ? g@lrﬂﬁewé?rﬁmssg}dgpl*l?rrcsolmp&}s]esf i?éﬁ?gf:? regi on
extends idiffisic reglod saidychhanel ahd b4id Becbd dERRionatgion) Jaldgataneudkends bel ow
said gate strycture for  formation of a contact adjacent said gate
st ruct ur e SxERding adjagentsaidgillats recited in claim9, further conprising an
i nsul at or adjacent said gate structure, wherein said contact to said first
di ffusion region conprises a_  conductive |ayer adjacent said insulator. 12.
A transi stl@r ad\ rausisterchsirpeiedan magn Ivwbereinsail rshdisisiongegion gxtgedse
structure.is ' ' i I; t4 ansi st or
s et t el PRt Recbenfl s ARE M bitTs I B Bug Sduehe b
regi on extfemdsioadjf acentiacttadjamestpacicgatedtiucture.s sel f-al i gned to said edge. 14.
A transistor as recited in claim9, wherein said pillar extends above said
gate structure. 15. Atransistor as recited in claim1, further conprising
an isol atijen stA teAsKI6: as rediRHeh BlagROIfirthaNsIngiding & inSlIhroRhdjae@dsdi@ sai d
isolation structure. 16. A transistor as recited 1n claim1l1, further
conpri si ngae SEYANER tWheeaimeaid cantaet to said Sirst giffusing] eaionEgMPHSesl anot her
di ffusion ' ] ; econd transistor, wherein said contact
bet ween nggﬂcﬁpgé%ﬁ@%seﬁﬁa@ glfa}ﬂ%tr?%and sai d another diffusion region
extends over an area of insulation between said first transistor and said
_second _tnansi %&{}anis% as’?’e«%i{eﬁ'?%'cﬁ} ) %ﬁexrel%[cz{é %gac'tf}) {a!lda%ﬁé ]'@L'lctm{%%g ein said
i nsul ati on“conprises an "etched and deposi ed 150l At Of &tT uct ure.

borderless to said second diffusion region.

13. A transistor as recited in claim 9, wherein said contact to said second diffusion

region extends adjacent to a spacer which is self-aligned to said edge.

14. A transistor as recited in claim 9, wherein said pillar extends above said gate
structure.
15. A transistor as recited in claim 1, further comprising an isolation structure,

wherein said transistor is self-aligned to said isolation structure.

16. A transistor as recited in claim 1, further comprising a contact between said
first diffusion region and another diffusion region forming part of a second transistor,
wherein said contact between said first diffusion region and said another diffusion
region extends over an area of insulation between said first transistor and said second

transistor.

17. A transistor as recited in claim 16, wherein said insulation comprises an

etched and deposited isolation structure.

[RALIBW)56454.doc:RMM



[ R\LIB W] 5 6454.doc : RMM21 2 7 FEB 2006 18. A transistor as recited
in claim1l7, wherein said substrate c@bprises silicon- on-insul atoz' IPE?I @t@
buri ed oxide isolation and wherein said insulation conprises said {)u :;]‘
oxide isolation. 19. Atransistor as recited in claim16, wherein said

first trangistqr, and.sai - .St.or . I,5e | - and
wher ei n s&?'d c%‘n&r%‘éfs tc{rgas g%:?tgg(ﬁ]&%]tlﬁ iij?’f UCZ%lgrsial(ragg?%ﬂr?& ?Og{bz{l S(Q:%ﬁglgﬁ' to said
i nverter. oRGnsufatdr laviighupied @kidedsolatioa and wheedinsdid inshbation comptisesgaide
structure cqonpri.ges a . continuous interior wall entirely surrounding said
channel aRBNEHYHERSCREPBf rom by a dielectric layer. 21. A transistor as
recited in claiml1l, wherein said gate structure is self-aligned to said
channel . 22. A transistor as recited in claiml, wherein said first

di f f usi on 1Pegi dntrensigtoriassecited injelpian i 6. Spherein said izt teaagisios pad sdFseond om sai d
second di ' | : 1.5t i N6k : erein
sai d chan%%ﬁalgtgp%ﬁ&%%tl ogreg\%é]clfglﬂaj\?\nﬁl t(21 [? c%ii%{c?@ siaggf;%ﬂss?%lﬁg?wg]sré%%wt ed in
claim1l, whecaitactsasald faveger. di f f usi on regi on i ncludes top and side
surfaces covered by a dielectric material, a borderless opening at | east

t hrough a portion of the dielectric material on said top surface, and a
first diffRosi o ganidétasiredigdn tlainh hewh@eni sall galbstrudtire ammptsedra as recited

inclaiml, wherein said second diffusion, regio includes top and side
surfaces E8WEROYS Bferzorgyadl girsly éurﬁ%{’t“gifqgaﬁal,dr Cz"aﬁ%ﬁqéﬁﬁl FRASE g]?é?ﬁ%%&ta | east

through a pacdiiionyvef the dielectric material on said top surface, and a
second di ffusion gont act formed in the opening.

21. A transistor as recited in claim 1, wherein said gate structure is self-aligned to

said channel.

22. A transistor as recited in claim 1, wherein said first diffusion region comprises

a dopant species provided separately from said second diffusion region.

23. A transistor as recited in claim 1, wherein said channel is of sublithographic
width.

24, A transistor as recited in claim 1, wherein said first diffusion region 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

a first diffusion contact formed in the opening.

25. A transistor as recited in claim 1, wherein said second diffusion region
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

a second diffusion contact formed in the opening.

[RALIBW]56454.doc:RMM



[R\LIB W]56454.doc: RW 22 26, Atransistor as recited in claiml

wherein said gate structure includes 200p, bottom and side surface%7cF(ﬁBdﬂﬁSd
by a dielectric material, a borderless opening at |east through a portion
of the dielectric material on said top surface, and a gate contact forned

in the opgping., 27..A transistor, as.recited in claim2l, .wherein said thirst
i 11 usi on 2Pegt AnTersisior asSERsh i e FE Lovisreinsgidinteticba ineidel’ ot et ur
each include atdybosheas siieBudades céveredinba 2@R0trRAmatérimer tical field effect
transi stor includip a sem conducfl%r pillar cagnductjon channel, gate
electrodes in # QHE%S%S opspgah icagtdhrpugh apevion el thy digleptrigmatgrial Qe of

i nsul at or adiigFQRfacsaind gate el ectrodes and opposite said sem conductor
pillar, sidewalls adjacent said seniconductor pillar above said gate

el ectrodes in s#@t confaghfpimmed iri thsoperting. material in said trenches above
said gate el ectrodes and between said sidewalls and said | ayer of

insul ator, said insulator material being selectively etchable relative to
sai d si dewgdl | s Aamnshsistorchs senttied dmclamb oy wherkinanid thirst diffudieasigiomneaidont act t hat

is borderless . to.the gate electrodes. 29. vertjcal transistor as recited
| n ol i m 300 (s o g s eets s G srigh e opia R sty aver of
i nsul at or and surroundi ng said vertical transistor, said isolation

mat eri al being selectively etchable relative to said |ayer of insulator.
30. A ver#Bcal A yuHealdielt ctfpct rapsisterdnglydiggai m 29, wherein said at |east one

contact is f0ra%@ﬂiJoﬂd@&o@gﬁﬂt&ﬂdﬁ&ioﬁ%hgmieﬁ0' ation material adjacent said

| ayer of insulator to a ctive region at an end of said pillar. 31. A
vertical transigsteclectrodesdpittenchasndpbent said 8gmivondwsitor Hard at | east one
contact incl ucajﬁasyer of insulator adjacent said gate electrodes and opposite said
semiconductor pillar,

sidewalls adjacent said semiconductor pillar above said gate electrodes in said
trenches,

insulator material in said trenches above said gate electrodes and between said
sidewalls and said layer of insulator, said insulator material being selectively etchable
relative to said sidewalls and said semiconductor pillar, and

at least one contact that is borderless to the gate electrodes.

29. A vertical transistor as recited in claim 28, further including isolation material
adjacent said layer of insulator and surrounding said vertical transistor, said isolation

material being selectively etchable relative to said layer of insulator.

30. A vertical transistor as recited in claim 29, wherein said at least one contact is
formed in an opening in said isolation material adjacent said layer of insulator to a

conductive region at an end of said pillar.
31. A vertical transistor as recited in claim 28, wherein said at least one contact

includes

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

[RALIBW]56454.doc:RMM



a contact formed in an opening to an end of said pillar, and [R\LIB W
] 56454. doc: RVM 23 2 7 FEB 2006 a conRact forned in an opening adjldctk 1006
and extendi ng above said pillar to said gate structure and insulated from
said pillar by one of said sidewalls on said pillar. 32. A vertical

Lranst stor as LeohEole ol Breing bR o bAELHGIAE AROIETLLD P of

said trenches ween one of s om of said one
of said tssidghestrucire #d insulseied Abrckaid pitiad by elewifeaidisideiwatls og saidol at i on

mat eri al roundi ng transistor locations in a substrate, vertical field

ef fect trﬁﬁg’f'stors formed at said transistor |ocations and having a gate
el ectrode structure forned in a trench, a layer of insulator material in
said trench between said isolation material and said gate el ectrode

struct ur e32sai & Yartitad transistanesaierisgd ipelang 28efusther ingludingt chabl e rel ative to

said layer of '@Eé’z{eﬁi nOne cﬁ"sﬁﬁ%q@%esﬁ%ﬁﬂéeﬂ nL%E’Fﬁ(?iggtle%i& r8des! aﬂh%rface of

said layer of iIn materi a sal I'sO on na erra and at | east
one contabbﬂmhaﬁsmdobooﬂﬂndasmﬁmm the gate el ectrode structure. 34. A
device as recited in claim33, wherein said gate el ectrode structure

i ncludes dual gate el ectrodes extendi ng on opposite sides of a conduction

channel . 35. A,Adﬂyltdg@t@ﬁmf@wcieeﬂ;ehﬁbh@dlﬂgm 33, wherein said at | east one
contact is forned in said contact openi nq in sajd isolation nateri al
0

adj acent said F%’}%}Ondlﬂati“h@&}lﬁ?@}m%ﬁf@ﬁls&r “'&Han%&‘tae"‘t’wléﬁt%e’t o a conductive
region. 36. A deMicGerdS effEGittaRbstols HhAEIA33id YURSHR: Theadbitl zﬂxtd Ha@ﬁ’iﬁta one

contact includes a contact fornmed 1n an opening to an end
senm condugeigrelgsitoiastrycture dopmhedtin etsheh,and a cont act for ned |n an openi ng

adj acent to an qr%&% %F g’fg@@to@ lﬁ?a\f&iaz ?ﬂplgallcf g%ﬁagnrbeh%enssgqus tho% r?lgtgﬁglrﬁ%ﬁ

structure and i rom sal an 1 nsul
said gate electrode structure, said isolation material being selectlvely etchable relative

to said layer of insulator,
a contact opening formed along an interface of said layer of insulator material
and said isolation material, and

at least one contact that is borderless to the gate electrode structure.

34. A device as recited in claim 33, wherein said gate electrode structure includes

dual gate electrodes extending on opposite sides of a conduction channel.

35. A device as recited in claim 33, wherein said at least one contact is formed in
said contact opening in said isolation material adjacent said layer of insulator material

and extending to a conductive region.

36. A device as recited in claim 33, wherein said at least one contact includes

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

a contact formed in an opening adjacent to and extending above said pillar to
said gate electrode structure and insulated from said pillar by an insulating sidewall

on said pillar.
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on said pillar. [R\LIB W 56454. doc: RMM 24 37. A device as recizt e’&&i[@
claim 33, further including a spacer 24 said trench between sai c] 06
structure and a bottom of said trench. 2 7 FEB 2006 [ R \ LI BW 56454. doc: RW

37. A device as recited in claim 33, further including a spacer in said trench

between said gate structure and a bottom of said trench.
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