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FI ELD EFFECT TRANSI STORS, PLURALI TI ES OF FI ELD 5EFFECT TRANSI STORS,
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TECHNI CAL FI ELD Enbodi ments di scl osed herein pertain to
met hods of forming field 10effect transistors, to pluralities of
field effect transistors, and to DRAM circuitry conprising a
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channel region, and is separated therefrom by a - dielectric material.
Application of suitable voltage to the gate causes current to flow from one of

20 the source/drain regions to the other through the channel region, accordingly
operating as a switch depending upon veitage application to the gate. .
Integrated circuitry fabrication technology continues to strive to make
smaller and denser circuits, with the corresponding size of individual
devices, of course, shrinking in the process. As the size of field effect
25 transistors gets smaller and the length of the channels between the
source/drain regions shoartens, complex channel profiles have been
developed to achieve desired “on" threshold voltages and to alleviate
undesired short channel effects. Such profiles for the channel regions can
include gating the channel region from muitiple sides. One example such
30 device is a FInFET. Such structures are built on semiconductor-on-insulator
substrates in which the semiconductor material (typically silicon) is etched
into a “fin"-like shaped channel body of the transistor, with the conductive
gate wrapping up and over the “fin”.
‘Fin"-shaped channel body regions have also been proposed in bulk
35 semiconductor processing in addition to semiconductor-on-insulator
processing. Etching of the semiconductor material to produce the typical

verticaliy-extending channel fins can create shoulder areas of semiconductor



"Fin"-shaped channel body regi ons have al so been proposed in bul k 35
sem conductor processing in addition to sem conductor-on-insul ator

pr ocessi ngwoEadnsBg7of the sem conductor material to precuceodine2sse
typical vertically-extending channel fiBs can create shoul der areas
of sem conductor WD 2008/ 063357PCT/ US2007/ 022856 2 nmateri al

adj acent the base of the fins. Such areas can result in undesired
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acconpanyi ng draw ngs. Fig. 1 is a diagranmatic cross
section_of a substrate fra pent at commencenent of processing
accor di ﬁg {ERIER DES oI HEDRAWINGS | on, 10and taken thr ough line

1-1in Fig. 2. Preferred é‘?h&adrrﬁeri@oﬁhé’irﬁ@ﬁtﬁiﬁ@é HEscHiBRY BRIGR with fte@hcd {28he
Fig. 1 substrate fragnent. Fig. 3 is a viewof the Fig. 1 substrate

fragment af! QWH\Q@G&‘EPW'@tW@%sequent to that shown by Fig. 1, and
taken through Ir-rge 3-8 hndrﬁgﬂam|41at|é55*o@s ée¢t$ordloager ayuBtrate Ry AERAN at
view of the Fi substrate |saV|ewof t he
Fl o 3 subComuTendarigiert biscess BRCEeeLTing to,ep cutisspRhe! (b (iantion:
shown hg Fiagd tdken throughFHr@ 18 ihFig. 2i ew of the Fig. 5 substrate
fragment at a procegsing, ShgRamRsdusn sy thdl TPOML W F9 substrate
fragment. .
Fig. 3 is a view of the Fig. 1 substrate fragment at a processing step
subsequent to that shown by Fig. 1, and taken through line 3-3 in Fig. 4.
15 Fig. 4 is diagrammatic top plan view of the Fig. 3 substrate fragment.
Fig. 5 is a view of the Fig. 3 substrate fragment at a processing step
subsequent to that shown by Fig. 3.
Fig. 6 is a view of the Fig. 5 substrate fragment at a processing step
subsequent to that shown by Fig. 5. '
20 Fig. 7 is a view of the Fig. 6 substrate fragment at a processing step
subsequent to that shown by Fig. 6.
Fig. 8 is a view of the Fig. 7 substrate fragment at a processing step
subsequent to that shown by Fig. 7.
Fig. 9 is a view of the Fig. 8 substrate fragment at a processing step
25 subsequent to that shown by Fig. 8.
Fig. 10 is a view of the Fig. 9 substrate fragment at a processing step
subsequent to that shown by Fig. 8, and taken through line 10-10 in Fig. 11.
Fig. 11 is a diagrammatic top plan view of the Fig. 10 substrate
fragment.
30 Fig. 12 is a view of the Fig. 10 substrate fragment at a processing
step subsequent to that shown by Fig. 10.
Fig. 13 is a view of the Fig. 12 substrate fragment at a processing
step subsequent to that shown by Fig. 12.
Fig. 14 is a view of the Fig. 13 substrate fragment at a processing
35 step subsequent fo that shown by Fig. 13.



20Fig. 7 is a viewof the Fig. 6 substrate fragnent at a processing
step subsequent to that shown by Fig. 6. Fig. 8 is a view of
the Fig. 7weubeddeadse fragnent at a processing step subsegueswotnzdshat
shown by Fig. 7. Fig. 9is & viewof the Fig. 8 substrate
fragnent at a processing step 25 subsequent to that shown by Fig. 8.
Fig. 10 is a view of the Fig. 9 substrate fragnent at a processing
step subsequent Fi® fHds aview dfythei §ig. 914 subistrateefragmenit 4 intecassing

in Fig. 1l.gep subsefl8nt 1 that hAvAILRTFIRL e, LORY Yi®WgRT idd € 5.15
F g. 121 the Fig: 6

Fig. 10 substrate fragnent. 30Fi g. sTa view o 1
substrate fmfgsm}ﬁ- at a processing step subsequent to that shown by
Fig. 10. g 183id @ QiagraMntid i6p Fidn VidwsS WBStheaFRy. f 1 AR ratd
a processing step subsequent to that shown by Fig. 12.

Fig. 145 s fE20MeW- of the Fig. 13 substrate fragment at a processing

35step subsequemtgt 97tibad vidWVET th¥ Figd 1513ubstfle fragment at a processing
2008/ 063357PCT/ US2007/ 022856 3 Fig. 15 is a view of the Fig.
14 subst r atS¢eR SygeArent 1o tPplheRewn iy fiigp 19u Rl trkan frlfot’ﬁﬁt“%end&nw
by Fig. 14,nh#ngl 1@ken through line 15-15 in Fig. 16. Fi g.
16 is a di agram}%iqstop pl.an view of the Fig. 15 substrate 5

fragnent . is a diagrammatic top plan “view of the Fig. 17 substrate
10 fragment.
Fig. 19 is a diagrammatic cross section of another embodiment
substrate fragment.
Fig. 20 is a view of the Fig. 19 substrate fragment at a processing
step subsequent to that shown by Fig. 19,
15 Fig. 21 is a diagrammatic cross section of yet another embodiment
substrate fragment.
Fig. 22 is a view of the Fig. 21 substrate fragment at a processing
step subsequent to that shown by Fig. 21.
Fig. 23 is a view of the Fig. 22 substrate fragment at a processing
20 step subsequent to that shown by Fig. 22, :
Fig. 24 is a schematic representation of DRAM circuitry.

DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS
Example embodiments of the invention are described in connection

25 with Figs. 1-24. Referring initially to Figs. 1 and 2, a semiconductor
substrate is indicated generally with reference numeral 10. In the context of
this document, the term "semiconductor substrate" or "semiconductive
substrate” is defined to mean any construction comprising semiconductor
material, including, but not limited to, bulk semiconductor materials such as

30 a semiconductive wafer (either alone or in assemblies comprising other
materials thereon), and semiconductor material layers (either alone or in
assemblies comprising other materials). The term "substrate” refers to any
supporting structure, including, but not limited to, the semiconductive
substrates described above. Substrate 10 is depicted as comprising bulk

35 semiconductor substrate material 12, for example monocrystaliine silicon.



Fig. 17 is a view of the Fig. 15 substrate fragment at a processing
step subsequent to that shown by Fig. 15, and taken through |ine
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of the Fig. 17 substrate 10fragnent. 4 Fig. 19 is a diagranmatic
cross section of another enbodi nent substrate fragnent. Fi g.

20 is a viewof the Fig. 19 substrate fragnent at a processing step
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"sem conduct or lE)rat sem conduct ive substrate" Is defined to

mean any c5‘??ssc HOE%WHF‘? E’PH@ B{HEYhduct or material, including, °
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for exa}gpl %o%’?@ﬁ{gy%ipgbgﬂnaem ieyf(?%'nd 22 extending along a length "L" of the
channel region 18. Accordingly, trenches 16 are formed on opposing
sides 20, 22 of semiconductor material channel region 18 aiong channel
length L. Substrate 10 would typically, of course, comprise more masked
regions 15, and a series of such trenches 16 would likely be etched over
20 substrate 10. An example dry anisotropic etching chemistry to produce the

Figs. 3 and 4 construction includes a combination of HBr and Cls.

Referring to Fig. 5, trenches 16 have been lined with one or more
suitable masking materials 24, and which has been subsequently
anisotropically etched to expose a semiconductor material base 26 of

25 substrate material 12. An example material 24 is silicon nitride formed by
chemical vapor deposition and/or by plasma or other nitridation of
semiconductor material 12. An example lateral thickness of material 24 is
from 60 Angstroms to 90 Angstroms. Accordingly, such provide but one
example manner by which trenches 16 can be formed to have lined

30 sidewalls and an exposed semiconductor material base 26.

Referring to Fig. 6, semiconductor material bases 26 (not shown)
have been substantially isotropically etched through effective to form a
bulbous lower portion 27 of each trench 16. Each of bulbous lower
portions 27 comprises projections 28, 29 extending laterally outward relative

35 to the lined trench sidewalls referred to above. One projection of each



WO 2008/ 063337PCT/ US2007/ 022856 4 Substrate 12 may, of course,
conprise a different substrate, for exanple including

sem conductvar2ommssassul at or substrates and ot her substraberushetdredse
exi sting or yet-to-be developed. A fiel & trench isolation mask 15 has
been fornmed and patterned over 5 substrate material 12. In the
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Referring to Flg. 9, one or more insulative materials 34 have been
deposited effective to fill remaining volume of trenches 16 with insulative
25 material. Material 34 is also depicted as being planarized back at least to
the outer portion of silicon nitride layer 13. Alternatively and by way of
example only, trench isolation masking layer 13 (and also perhaps layer 14)
may be removed from the substrate prior to deposition of insulative
material 34. Regardless, an example material 34 is high plasma density

30 deposited silicon dioxide.
Such provides but one example method of forming trench isolation
material 34 within a semiconductor substrate 12 and on opposing sides 20,
22 of a semiconductor material channel region 18 along a length L of the
channe! region. Trench isolation material 34/32 can be considered as

35 comprising opposing insuiative projections 36 which extend toward one



WO 2008/ 063357PCT/ US2007/ 022856 5 bul bous | ower portion 27 opposes
and extends towards a projection of the other bul bous | ower portion,
with the pwa ®metesss that have been designated w th nunecebsR87/k2es89
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and by way of example only, and as will be subsequently described in
connection with another embodiment, all of such semiconductor material in
the Fig. 10 cross-section between trench isolation material 34 may be
outwardly exposed, and thereby not masked by material 40. An example

25 preferred material 40 is silicon nitride deposited to an example thickness
range of from 600 to 1,200 Angstroms.

Referring to Fig. 12, trench isolation material 34 has been etched to
expose opposing sides 41 of semiconductor material 12 along channel
tength L. Such eiching might be isotropic, anisotropic, or a combination of

30 one or more of anisotropic and isotropic etching steps. Where trench
isolation material 34 comprises high density plasma deposited silicon
dioxide, an example anisotropic dry etching chemistry comprises a
combination of C,Fs, C4Fs, Oz, He, and Ar, whereas an example isotropic wet
etching chemistry comprises a buffered aqueous HF solution. Where a

35 lining 24 remains from the exampie preferred Fig. 5 processing, and where



35conpri si ng opposing insulative projections 36 which extend toward
one WD 2008/ 063357PCT/ US2007/ 022856 6 anot her al ong channel |ength
L, and i nswioahoss3aspr oj ections 38.1n one enbodi nent, seriwosMURRINS6
material 12 of substrate 10 is received/over/atop insul ative

proj ections 36, as shown.In one enbodi nent, insulative projections 36

are received Bartlally under channel region 18, as 5 shown. As
referred t $U§HoGRMPIISEHCHIIEAD| Riridn ﬁ‘ﬁ%*kl'ﬁgalﬁﬁt BW“&F’ {25 fpwsg and an

removed fr QRatd}e ik anﬁd@rét@rmng%r@rmlairyetb é%sfeoééfﬁfdoﬁﬂu@fortrﬁﬁf&ﬁl
isolation nrmaterial 34. Regardl ess, preferah l%/ substrate 10 at this

poi nt wi || Sitewrils 41 searrisesa ?‘?'Hﬁt@“&@s‘?fr@& MhaPzon of fin channel

features while Fy. pﬂ@hﬂ@&tlrﬁlﬁsthfé eedting Wt &Ehch DSéIaﬁﬁﬁtrﬂﬁtenaﬁlr@ ET
trench i_sol atlon re%lnons o(ﬁt e structure., Such e acconpl i shed

in any Runtf@ndpftedadiniepst elgvaHoRrphs to gepgﬁagﬂsylpp g@ﬂ%\l@f-Hgﬂ%&@ dfuch

enbodi nent j©bréfeeledrasigi NG :an&raﬂéatérﬁéﬂamgleFogsontirﬂj;ﬁ@dhelrngiem étchmg
materials 13 and 14 havi ng been EFBm)ve %n ul ative materi a

havi ng bee & ﬁ)éds%ﬁntl c2BISOHRPE manner in rench isolation matena
which is laterally adjacent the trench insulative material 34/32 of opposing

insulative projections 36. In one embodiment and as shown, such etching of

10 trench isolation material 34/32 is depicted as not being into any insulative
material 34/32 within the opposing insulative projections 36, although other
embodiments are of course contemplated, for example as will be described
-below. Further in one embodiment and as depicted in Fig. 13, opposing
insulative projections 36 can be considered as having some elevational

15 thickness "T" having an elevational mid-point "M", and having floors "F".
Etching of trench isolation material 34, as shown in Fig. 13, has been ‘at
- least to mid-point M of elevational thickness T, and is precisely thereat. The
etching of trench isolation 34 and 32, however, is desirably not conducted ali
the way to floors F.

20 - Referring to Fig. 14, exposed opposing sides 41 {not shown due to
their removal) of semiconductor material 12 have been etched along channel
length L to form a channel fin 45. In the depicted example Fig. 14
embodiment, such is projecting upwardly, preferably relative to opposing
insulative projections 36. For purposes of the continuing discussion,

25 semiconductor material 12 along channel length L can be considered as
having a top 46, with such top 46 being masked during etching of the
exposed opposing sides of semiconductor material 12 to form channel
fin 45, and with such masking occurring by way of example only from
material 40. Another embodiment is described below whereby example

30 top 46 is unmasked during the semiconductor material etching to form
channel fin 45. Regardless, etching of semiconductor material 12 to form
projecting channel fin 45 may desirably be conducted in a substantially
anisotropic manner, with an example of an etching chemistry to produce to
the Fig. 14 construction comprising starting with a combination of CF,

35 and He, and finishing with HBr.



15 masking materials 40 have been deposited and patterned primarily
for the fabrication of fin-channel regions. Mterial 40 patterned
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etc |ngc em st cO 1S a U e agueous sol
S611 i oo 255 Shewnc g~ T8, ° SlrbEl e Ay syt soht Gicriall ThsY they
wher ed WO 20084 33y 7 PRINA4T2 R0 ThBY 28hve Besn &ssentipiy sempshetledcm'ewously
nitri e, e.siljicon
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T e ot Mot SRR ee/BlRS el ol R B0 Eif 1 € R P éRSstar &
41 conpri sesda58omdNingt besn dab@ED, cardl G¢hiciivilmy Wy idfl esampleeshbbe,a

et ohi a0 SLIRATH 0L Abh 0B KBLELHIhe HRELAY 1, FifROUG! e af Teast

el evati ona Ive i“ons which is
preferred. Fi g The i abewa-dasedeth @r@mﬂlme@ﬂ coaskedii rihet htopFi pf 1the

etching ing quégé}smhhai laxroﬁgpgf.et ERRA Kol h Ham tét‘%ﬁﬁ@ of the

i sol ation materl which i1 s | adj] acen
i nsul ati veexpesad apprgaingosiges @éﬁbmwlpﬁaﬁwprmatsrlaj txferonshgghappel

one enbodi RNt gyNEhagSof RYuMmp!S Willy, ChEMthRE Ghod@nidr@nNShsAewh ahi PRRs. 19 -

material 34/32 is _dépicted as not being into any insulative materi al
34/ 32 4t hARd 2ReWHBPESPRG! thaupdbstiatepiragment dﬁé 36keanuREaYE Bemethe

enbodi ment ﬁrsarcﬁes@hb@euéﬁﬂ)o@m&ﬁnm@teed)eefnorutmzaapmea@ éﬂbﬂ:rbphﬁte with
descri bed bg ow Furt her .in _one en&) gl ment.. and,as depicted in

13, opposi f q'ﬁ%‘ﬁﬁsatqe\/%g drdicaiad st e Syifipea congfgje?éd‘sagnﬁ'é’@ioﬁ@ to

O and DRSOk Rl B8l nd ST b B e
t hi ckngss &"haram:l g i . echmiheyr, tehgrester qliaetiet ofiisegniobnduetor material 12
;30} ?E)i)(r)rs] Eél %an?’perWde\éea ve &ppo ?nsd 3 b'la%lvréopgro?eoc %‘ﬁ%tﬁd al'l the way
Referring to Fig. 20, exposed opposing sides of semiconductor

material 12 have been etched along channel length L to form an ubwardly

projecting channel fin 45a. Accordingly in the depicted Figs. 19 and 20

30 example, the top of material 12 along channel length L is unmasked during
the etching of the exposed opposing sides of semiconductor material 12 to

form the channel fin, and the etching of such top desirably occurs during the

etching of the exposed opposing sides to form the channel fin. A

combination of isofropic and anisotropic etches might be conducted in lieu of



20Referring to Fig. 14, exposed opposing sides 41 (not shown due to
their removal) of senmiconductor material 12 have been etched al ong
channel | ewgtdoodwsssz7f orm a channel fin 45. In the depi ceeruswempbss
Fig. 14 enbodi ment, such is projecting 8pwardl y, preferably relative
to opposing insul atl ve projections 36. For purposes of the cont i nui ng

di scussion, 25 sem conductor material 12 al ong channel ngth L can
be consi dertB 48r&g@iNGhg a Regardlesswi 9dtesudiot op Q‘G“bemﬁ}’ & k dapricated
during etchiypdeqhiehthe RPPAsEASwAIiAeSgof1 B8R} agnduct or

material 12 to formchanne fin 45, and with_such paski ng occurring
by way of exanplAadhey, sRRRAimentr sashayn imoFigsy %H@édl"ﬂ&htre%ec* to a

descri bed tbQﬂb@WaY@ﬁEagh‘;erﬁM@Em Eik8hdrdgr 4D frioth tHuTaRtak serbbdEnbediment
sem conductor mat eri a ing to form Chaﬂ'ﬂgﬁffl n 45. Regardl ess,

et chi ng2of &Y %%HE&%? &Fi23APreprigis. vy JFBEEs P&'%M@teﬂuwfh
45 may desith@bsyffiReondrgl ed ieBséntiallys ldepidtal ﬁmceas.agtw@é,é‘qummer or

th I f h t to t F
Const ruct | GARLBHEE 3 fGaL i P, trsb BRI eI 38h a2
%n? fini Shltan V\ﬁtchaphﬁbd t@e%ﬂ%%&ﬁﬁﬁfb&ﬁﬂ?hwe?ﬁGBﬂ in a manner
eferrin i gs an. exanpl e of supseguent processi .S
Shown wher dyERSRRRnaofaltd | 47Y sSH NG o STrteBRbVEd R OPPPARS. dasalplive
shown tibat peojeptibse 36 aEscisbgrhosmvee ahaly allso,rafgcaursel batuhme insuladivé
be fab t t, f h 5,
De 8 o2l W SORDREH ol Bl bR LA SR 10
and opposi rgtxdieend, B way fofnegmphelonlye gFon 245 dapiwtgy arhamteddiment
I_ength I-: eln> gqg%g %gn'%s geclr%\ﬂ:hf(? c;’ﬂaagon?ymgperr{ﬂl %@Zg%t ched from

dielectric layer ep03|t|on of  one or
conducti ve dpayeimg lBsutatwelmalavglooaeBBoto fesme prajechions §6b yando@ﬁd Fig. 21

sem CO'%ﬁUC iifst! a"%é’ stbst F!:lIgai%BFr?Pfcngthi%gﬂtofégeﬁﬁ-?%oeléﬁ&#’H‘r?ét'eYuSl 34132

mat eri a Into |nesape con urati 'e” as
in Fig. 18andowitkis/ lrroaeqilqjep%g%ﬁi@vairor@érﬁwrmm dh wayebenple lsotrOplc

subsequent |eYcI‘f|h§'59He¥tﬁgtryQB Wo@%t@ﬁ@l%@ﬁﬁ@l%b@'dry aﬁQQBu@tb%ﬂ‘ered HF

previously to formsource/drains 48. For exanple, Fig. icts two
t ransi st or §oBHioAnd A8 iBRNPRI§ BEENS hEMistiedo %ﬂo‘mlfﬁﬁt%@' y age 32,

exanpl e shgira d8ct$ OtBRBfisk as.ncéregm%éwuhﬁwe@nata@ng%mehe@fgehgrz
i nes {2. The above-descri bed enbodi nent nmasked the top of the

sem coﬁBuct""Bfj Paterial al ong the channel |ength during etching of the
exposed opposi ng|§|m8epfct§ Babseqierndoisihar ofMiecs eHOo;i:@dsrmg Redes of

channel o Bogprkefh o 8UBLG Pt TRReREL ERCL TR ol 57 ipetly
nuner al s f pesiettieg fohaahedé@acdsthedFignbddiepicts fibezquean pludsftésl_sz@ foheHee
apbront! o gttt 5 4688 R0. PRt bl Kok Sont st
wher e @askdigdecteiceidbal 40 of Fig. 13 has been renoved fromis not
provided over whal ¥pble BGsB&tdd Mo and 10a provide embodiments whereby
insulative material 34/32 within each of opposing projections 36 is at least
partially received under upwardly projecting fin 45. Further, the
substrates 10 and 10a embodiments depict substrates having insulative
30 projection inner surfaces 95 (Figs. 17 and 20) extending along the length of
the channel which are convexly curved relative to the fin thickness
transverse the channel length. The Fig. 22 embodiment depicts one
example field effect transistor wherein none of insulative material 34/32
within each of opposing projections 36b in the finished construction is
35 received under upwardly projecting channel fin 45b.



25channel region. Further, a greater quantity of sem conductor
material 12 has been provided above opposing insul ative projections
36. wef wograsag7t 0 Fig. 20, exposed opposi ng si des pdT/us2007/1022856
sem conductor material 12 have been etcHed al ong channel length L to
forman upwardly projecting channel fin 45a. Accordingly in the
depicted Figs. 19 and 20 30 exanple, the top of material 12 al ong
channel |ength [Fhesakeuazdreerikrst pﬁy:etsrsmgetsmaﬁ@udﬁrln Hesisaxplgseherein the
OPPOSI NG Sicligingf of WHFONG GO trORUIFTEBBAR _HiadAAIMOLBEC R Cboddding
and the etching of such top desirably occurs duri t he etch |ngF

the exposed"9phss er%eiC&%StW'qroﬁ%ett%neh@ﬁnerp%erﬂg ORPEEINS; ﬁtﬂeﬁoﬁf e

| sot ropi C_alachigén fitb PRhateriat Nes fatBhihedbenePREHGIEd iIEmbodmhedts HOthe
2008/ 063357PCT/ US2007/ 022856 9 the foregoin Regardl ess, gates (not

shown) Ray 'Beetion, plsqr eentempatgueprqystingnal tqiarheswsmkmg. ff the
Figs. 17 aménkﬂ isolation Awafehial grdedi tient of ﬁoﬁhQWHMSi]!dﬂv@S projeéfon
W th respect toasubstr nt 10b, Li rals fromthe

e fra
first-descCPRYRERIHIBLH rﬂé'ﬂ? they, iBg el (he) Fi%‘EF’ ROSHS Giidesud, the
Wi th di fferseﬁﬂ@@ndaﬁﬂt@ugmawmﬂaﬁoe%rw the ¢lhenriadftin. X Bybway lafgaxaailme oniy,

essentially d S essi.n subs uent to or continuin t hat

Shown by t RINGHS S SERSRIY O ORISa BcA P by 58 megutitas sy FReety

t he et abi ngodtomrthadigi $@|d@bidliﬁmrtﬁtp?bd&beﬁ’ﬂe Fly. aazrr@cmwucmhch was not
i i.nsul ative

b o1 ect ) ons. 36. SeienPRip a0l Ohie ZRESTHOR! of diiese. $fsctppass pothods
i nsul ati veoprfoymbid ame 36 moreofielec eiffent Wrdrsistbes a@O\tbel demvé-tieecribed
substrat es d nb ent V| exa an

dop ct o an LB ner i erdn ey s obind Brdhush ARG, Erempyatel Sip fraiy
mat eri al 34f 32ld effettiredsistom iogppsndanti afsthieanetrod ob famrtaatios. BBytvmy

formplslgj e% eﬁ&%gﬁ or‘ﬁpdoﬁ em@og{mgr?‘t g:énl]eer ?tteédf%B@ﬁé’IB?tgphbﬂil e¥fect

|sotrop|cec enc I'solation materi a
proj ect i ontraygns{crafSewbewm dndividviadi-op siush tRansietoes sapinsisesatsespcenductor

et chi ng chemhstrae EBmpPEME a gﬁsﬁraﬁgoéfcwquga.oﬁe RAVIRGUS fgffcfgghﬁgl

HF sol ution. Anlsotr0|c et chemstry to Fenove nm d
32, where MH"J@H‘B'NPQé@T?‘?EﬁWﬁeHi tFheéin qhmneaéwancc@rmrma achgnnel

CH2F2 20 apghdiR:extending bEhﬂeer??h@Qﬁirﬁf%oﬁkﬁlﬁﬁﬁﬂlﬁ'?E%i%t'@hbﬂﬁoémgic]ﬁ%nnel
exposed opposi ng sides of sem conductor materi al al ong channel

| engt h2® t 81degrnitaRdingaiPas e BpaB g thanmel re9iRn48pd “efep expignding
depicts Subﬁﬁguﬂﬁﬁ IBhEEE DS the: ﬁ:ﬁémﬁélerégﬁbﬁl CathieOAnOkh&n et peg'i&b has a

I ncl uding ?n%xn#gﬁnlt ?ckrtq%tsgrtrgrlsv%?sbe ﬁ'ne clgannel length.
A gate is received over the fin channel top and the channei sides
along the channel length. Insulative material is received immediately
25 beneath the fin channel region extending along the channel length, and
extends only partially across the fin channel maximum thickness transverse
the channel length. The insulative material includes opposing portions
projecting inwardly toward one another under the fin channel region relative
to the fin channel maximum thickness along the channel length. By way of
30 example only, an individual of such field effect transistors is shown with
respect to the embodiments exemplified by Figs. 17, 18 and 20 above.
Desirable sizes and materials of construction and configurations may

otherwise be as described above.

An embodiment of the invention encompasses a plurality of field effect

35 transistors wherein individual of such transistors comprise a bulk



25di el ectric 54b. The above substrates 10 and 10a provi de
enbodi nents whereby insulative material 34/32 within each of opposing
proj ecti onwcBfos/w3m0 | east partially received under upweCTHIy2007/022856
projecting fin 45. Further, the substral®s 10 and 10a enbodi nents
depi ct substrates having i nsul ative 30 projection inner surfaces 95
(Figs. 17 and 20) extending along the Iength of the channel which are
convexly cuieeigopayeior @ebﬁgat%eompﬁsm 18885 seunce(AlETeg{aNE haNiNg 2

| engt h. Theiftlanied reghadidteileddRrsbstweRa. X & hbhAkOrdfid®ebmprises
transi stor wherein none of insuylative material 34/32 within each of

opposi ng prij €NNGhs'eBs i extEREing Hedneen chigs alic tafo ROFECeidait Jiegirns,
under Up\/\/arcgig(r) glcﬂﬁhhélgsi‘élﬁénéb&bnﬁin@ él%hg th\éﬂength of the channel region,
2008/ 063357 US2007/ 02285 ﬁ' ove- 2escr| bed processing
is parti culad}q? teR &} ﬁfﬂ%?ge‘ihﬁ leRathepcher N aNes B3HOBf the trench

i sol at |hon ma}]er malgamqslrrscérv@m @woshenglfnl Bﬁmreéll op agal thet bmsnep_rsulaés
to etching the expos Si es of. the sem conductor. materi

Lo Tor m { ISRy B! CRARNS LS ol enel [eHaTaR:  SREy RS ALl the bul
ponlt enpl at esemndu@mctng sabsiratestlevatienalfy lowerahahithg fof chavendirregion and
i sol ation ma

t h i i |, at t
comensur atrid (418 B APRESER" R al et ARD iR GrenBRL pottneTe
sem cor@ucttornamaisetatain tmclfaslsmetdtmncﬂnamudrsé ithe dﬁyanmylmfgtlemrrmrses a

i1 zoat AEr BERED Mb o ui £ RbRAR o B RGN F BRI (A e o

Fig. 22 consansuretsaiyu towards an$ca‘reva1|mwuriewes tban tthne fmnvlmnnejn Each of

cour e, SSREPARRILAANS Al UBLR0 AR Oh WAL ShTBIAChel qfec
i nvention ét%@lsiohtcélﬁphat gegiop| u\rfuire'trytftﬁ Iswet goefidrectf theatiehsh mtehed
| ndepengent, gy 4HE o b'f%cfl&dp&fno a:]?éu tdo‘?’@u:}é?’% ‘gf% éc?\;;@if e B EM W Wng

one enbodi nent contenp ra |ty ect transistors
wherein i ndrp@pw@mswsgmmqt@m@n%twa?@ﬁﬁrhys@roae@mﬁc&maﬁbt or

substrate conpr 'E%tﬂﬂ:hﬁaelﬂ?é r pfth%OHﬁG&{tﬂirﬁ' ﬂs&e@n%&d&%' TR AM fduQ:uutry
channel regionreceived therebetween. The fin channel region conprises

a channel Icéﬁﬁ%rﬁ”é@ktaeﬂlﬁirﬁéyHgt'ﬁﬂéfﬁpttarﬂé“%iofy §ellsolpeidtfaia thegnemery -

0pposi ng cRansVomiitise Qermwéweaﬁitraes@k&ﬂ@amhg d pAFtd Rlurédrardinaagrins,-
th of the channel region,

dat t endi th
The 1 AOehEn RS CSs, SRSt M PR i IReC RS TP P Be. PRE T Rining
| ﬁngt hI conta%ltgﬁmmteﬁﬁad ﬁ@t‘hl y?ahevmf thbesd‘um?/@h@mn@gudm o dxtenple,
channe 0 e_channe ulative
recei ved |ﬁ%d?ﬁtée]ﬁg‘§} ClEsaf eyl er rbr#@ﬁa’ﬁ’ﬁg?oweg‘?eltﬁgeﬁ?%%i’ﬁﬁsmg a
along t he ttaasisddr 52r{ge h treasistex 68rad Fignil §). pArcpatityr a8 iossnhdred iwith
channel . MeXhgug SOLRKNER, (BRECURC A0S SRS CAR00t Bo Thieied with

insul ative material 1ncludes~op 03| ng portl ons pfojectrng T
t owar d 26ne aantiteresf soufee/draem fagnommaaneFFow exarople; é:lliabmae:ontadtm fvion!d

channel - maxj, AHELE Qitf <SS AHARG LI SBANRIN InePRE e BYeBh fe depicted

gate lines 52 of transistor 73 with a bit line, and the lower-depicted
source/drain region 48 of transistor 53 in Fig. 18 would connect with an
appropriate capacitor 70.

30



30 exanple only, an individual of such field effect transistors is
shown with respect to the enbodi nents exenplified by Figs. 17, 18 and
20 above. Desirable sizes and materials of construction and
configurations may ot herw se be as descri bed above. An
embodi ment of the invention enconpassdg a plurality of field effect
35transi stors wherein individual of such transistors conprise a bulk
WO 200%B6§357PC]’/ US2007/ 022856 11 sem conductor substrate conprising
a pair 38rd8IES F'r egi ons having a fin channel region received

t herebetween. The fin channel region conprises a _channel |ength
extendi ng bdt weef MEghediat forming actiett afact Egnsiatoro @lrﬁg”@hannel

si des ext enfiPHQiNgl HRG chhis ol iy Hn@\‘ertaiéﬂ’éh&hﬁeﬁemég? ctgasibstradp and
ext endioflg atpsersgn g heidesngifh aolsenhigoonashen matsirial. annel Rgianealang a
recei véengireoftthe €hanobbhnagion, ot}b:%h@rtdinelaﬂiahqel msiteldal dledpmy fohmed to
channelcolngprisdn. uppencdidiesa!lzt izond ippesiagyv adsulatine nptdjectiohk below the
sem conghpelrogidewkdls diat ektarad ilateaklly ledave ttbathd @ plernsideavaial toward
regi on opRdaAstiesdhal iRaldthe eRERSItth S bamielreséides phetiglly ke chidansly
| engt hyntike the thﬁﬁBl ir6@lctt BRnd MhEr G8SnBEICIdrAht 4 8d SVigh S rh®nductor
Channelmét%rr‘%tlrbé}ﬁgﬂ'éb%ﬂﬁa(ﬁeié\)’ﬁfoﬁél fNeleP R RBL AR, transverse

proj ections ?eﬁtﬁ trfer ié’tﬁaﬁbﬁmﬁa&@ areb p)’oéé)‘&?p%%iﬁ@%ides of the
el evat %8?@% mfa*E H % & ﬂ%’f&‘ﬁell of abo

enbodi &sin d'sY(JJéiéj f?l’)glger?lf c%;iﬁ%to?n %gﬂél

ber o £ hénesﬁaﬁ% " re? a’ﬁﬁﬁi Ft A L R e

haV|ng proj ecti ons enco assed ctions

nayiog Ve |”H£'H BT [V e b At SEPSRBENBIRRS SRR TE iRy the
onpri sPHS”Qe ‘%ﬁ'%tl § ty of individual menory cells. Individual of the
menory cells conprise a field effect transistor having a pair of

sour ce/ dr ai & r egf Bs method ©fpataifor! cwhaerinefoiinintg dg@ drengte isolation
sour cefirterial r@@n@n@eSaﬁ@rralrlg tin$ihadiveo praisictioon meee e s ufade sarrottaeding
of theabowy dbedlegigihr efitbasch&#onekbxdanpheard-iqpnvaxlylapiryed ealativenfs din
such DRfiFkneswrirarcsidrséshencloapaskiength. t ransi stor 53 (i.e

transistor 53 of Fig. 18). A capacitor 70 is connected with one of
sour ce/ drai 8. r egThesméthan df 1 &int 1l whereentacsefificonanetsrefiatéiisi 3kbng
anot heth®chapued 840G Ras GOt StBio ki vy aEs led Biuting e etetiingtoBthe

woul d eQpBsEd dbpHsiHRUERRIIbRItAC SSnbdL&BPWHatdtidll @ fdfn Qﬂbwéﬁﬁnnel
t he deﬁ hcted gate lines 52 of transistor 73 with a bit line, and t
e

| ower pi cted source/drain region 48 of transistor 53 in Fig. 18

woul d connegt Wi Ak, am APBF 98 rh e a FRNAC &4t tOnsior, comprising:

forming trench isolation material within a semiconductor substrate and
on opposing sides of a semiconductor material channel region along a
length of the channel region, the trench isolation material being formed to
comprise opposing insulative projections extending toward one another
partially under the channel region along the channel length and with
semiconductor material being received over the projections;

etching the trench isolation material to expose opposing sides of the
semiconductor material along the channel length;

etching the exposed opposing sides of the semiconductor material
along the channel iength to form a channel fin projecting upwardly relative to
the projections, the semiconductor material along the channel length having
a top, the top being unmasked during the etching of the exposed opposing
sides of the semiconductor material to form the channel fin, and further
comprising etching the top during the etching of the exposed opposing sides
of the semiconductor material to form the channel fin; and



12 What is clainmed is: 1. Anethod of formng a field effect
transi stor, conpri sing: formng trench isolation materi al
within a sem conductor substrate and on opposing sides of a

sem conductor material channel region along a |l ength of the channel
region, the trench isolation material 1Being formed to conprise upper
sidewal I s and opposing insul ative projections bel ow the upper

sidewal | s that extend laterally relative to the upper sidewall

toward one O 2 Gdei AVEN 4 it0R BPEj eePPsINg ey ¢letles Viby along the
parti alqh@”éleé\}%ﬂgﬁhally under the channel region along the channel

|l ength and with sem conductor material being received elevationally
over the pr&jectiTbmgs;method oktelmimg t hehereimclihesaitabirgn omtibei dreneh
expose isppbdisinngnaiekial o tdoedmtedordudteast releeatiahaldiyong the opposaig
| engt hiinsulative mtojéctignéhe exposed opposing sides of the

sem conductor material along the channel length to forma channel fin
proj ecting gpwar thg rbetddeof oclahvd [ oivRekéidNthearfching of ftAeMtAghéh
gat e oygflafiohOMadedaPRPRbNEsEIHARSE Rfatbha] WI‘HCﬁ-'lQﬂ'QtérBﬁyQHWMé adjacent
L engt hinsyative r%aterrl?ﬁl SR E ppo st RiRB i atl) o@e {f5Ad.ng the trench

i solation nateri al conprises 1ormng I nsul atIV proj ection inner

R AR L e eaggrn o wnsr&gaqnsl e\e@m e tggnwﬁé%yh

curved %

3. The's 'F‘Eéh Wﬂ ity w%ffae'?ﬁa' %aé"i"éﬁ'%%a (2rd M 3@}5 ofriere
channel 5(0 Walife z'l’cy CEat nﬂ1 ar¥a qigteny tl‘?«g ehPRE®

t he ex ESBF}UQJ?I '%l es of the seni conduct or materl al to formthe
channel fin, . A nethod of forming a field effect transistor,

conpri si ng: 8. ThPor"ﬁPH'g)q r‘éfnc@{al"@ol%tWBﬁr@iﬁt dheaetching pfa the trench
sem coffflgtion Blalstiphtie M@ iBSUbpHGiMgteialewitiin athee pirposing tiopulative
mat er i 8rojei¢dionsl regi on along a length of the channel region, the
trench isolation nmaterial being formed to conprise opposing

i nsul ative Proj eCheomehacenafi ngatrowdr dvbesiandhaeetpaing afl ythandesnch
t he chésulationegiaterial oisg nolheintbaang! insengtite amaitadiah veighinc dhduopposing
mat er i fslieting prejettimss.over the projections; et ching the
trench isolation material to expose opposing sides of the

sem conduct gp, matRei aheflddof heigiRangel cdmpakihig  formingt CiHd9aphBsing
exposeth QRRASE NProibe8En8T td RaveeBhC B IdHal "BHiskh&ds 2 BtbAfhg of the
Channetcerghticd dtfn BTnd A 1838ta ol idbAnE oHi(id diy fiBh¥I ErﬁEFﬁF% to
the projections, the se conductor nmateri al anne engt h

having a top, th?hI;OF}nB cﬂzg HRMasked ﬁiHr'vUIgelté?ﬁeqhgh'cﬂ%J Jln sulat:ve

§E2ﬁﬁ§§rm@§%gﬁm g dBR T o0 S IR icbig 9E§h%dm% f%%!a‘?on not
et chi n§elt9 {h&ald J095: opp05| ng sides of the sem conductor materi al

to formthe channel fin;
12. A method of formlng a field effect transistor, comprising:

forming trench isolation material within a semiconductor substrate and
on opposing sides of a semiconductor material channel region along a
length of the channel region, the trench isolation material being formed to
comprise upper sidewalls and opposing insulative projections below the
upper sidewalls that extend laterally relative to the upper sidewalls toward
one another along the channel length and with semiconductor material being
received elevationally over the projections;

etching the trench isolation material to expose opposing sides of the
semiconductor material along the channel length and etching some of the
trench isolation material from the opposing insulative projections;

etching the exposed opposing sides of the semiconductor material
along the channel length to form a channel fin; and



13 formng a gate over a top and opposing sides of the fin

al ong the channel I ength. 5. The method of claim1l wherein the
etching of the trench isolation material is conducted at | east
el evationally to the opposing insulative projections. 6. The

met hod of claim5 wherein the etching1df the trench isolation

material is into insulative material which is laterally i nward

adj acent insulative material of the opposing, insulative ections,

7. The net hérBINC|%igAis QHKer & ﬁOPhénétEHPﬂﬁ'Qﬁ St"l’m%st‘?feH&% iR Algngothe
mat er i #handed ie8gHhti al |y ani sotropic and into insulative materi al
which is | atléral iTye meihedadf aeleim 1Aswhaerele thet semiconduetes substrate
opposi B pEseatiuie nm@p@mtalhge silicon. 8. The nethod of claim5
wherein the etching of the trench isolation material is into

i nsul ative rdt eriThle méthion olieclappod2nyhierein aheveepriopredttt@nrssubstrate
9. The coptipraseofa sémiicahdwdteriminddaedichibgtrate.t he trench isol ation
material is not into any insulative material wthin the opposing

i nsul ative pKOj eFhieORSethod of clb®m wemmﬁl e dt8hiMgd FOBPMSidiTdthe

| o i BBRNIHD aRSAa PO SR maNEvaT @\éﬁbh@nabcurs
i dpoi %T)"ﬂfp cFhia 1B, Blgt bhERs g SRS bPgse cBhal B ke o

alm
10 whe e OpposSi Ng i nsul ati ve prOJ ections are forned to have

floors, the etchi of .th nch tian no id floors
12 et hod ot {5? 5538 T t%c‘?’ﬁﬂedﬂs"f‘ Clagt Tonro i eteicor
form néh‘? 6‘?1’2:%" J“oﬁ‘ gigtia) fram iNerp RPAsIOgNS r'f't‘jh\ﬁ‘% cﬁ}“’ Mpaeurs
and onCE6PHBENSY icuc¥itBr the seihipadat: Bie n%’f%?"‘?’ CREARKYY r&gPsnol the
al ong éef‘@ﬁ@ﬂﬁuﬁmrtW@t%ﬂﬁh%fc’rﬁ‘ééh%ﬁhaﬂf@ tffench i sol ation nateri al
being formed to conprise upper sidewal|s and opposing insulative
proj ect i ons 1B8el ohhehmetippérofstlaénal 2 wheakrinethiceatching esampyot Hratianch
t o t heisglptionsivtdesial Sroowdnel aprosingt fresulativagptdiectihaanisl substantially
and wi idotsepiccahsaict wenohtieoladiorbaiatgrieécei ved el evationally over the
proj ections; etching the trench isolation material to expose
opposi ng sides of the sem conductor material along the channel |ength
and et chi ng18oneAchetied of €sahin g al idldosrieat 8ahalstbr,aBhpasmMposi ng
insul ative pidHifgt iz0NSair of trePlchisNdvithd exXPeshflcORBOsiotg stibdestal on
the Seﬂb%%%mlj?%ﬂfe%? %rs@h.@émtb%ét@meéhém%g.en fa‘?éﬁbaa ?é‘f%‘l‘?]ebf
fin, apgh nnel region, the trenches comprising lined sidewalls and an exposed
semiconductor material base;
substantially isotropically etching the semiconductor material bases
effective to form a bulbous lower portion of each trench, each of the bulbous
lower portions comprising projections extending laterally outward relative to
the lined sidewalls, a projection of each bulbous lower portion opposing and
extending toward a projection of the other bulbous lower portion;
substantially anisotropically etching through floors of the bulbous
lower portions to extend the pair of trenches deeper within the
semiconductor substrate;
after extending the pair of trenches, filling remaining volume of the
trenches with insulative material;
after said filling, etching the insulative material to expose opposing
sides of the semiconductor material along the channel length;
etching the exposed opposing sides of the semiconductor material
along the channel length forming an upwardly projecting channel fin; and
forming a gate over a top and opposing sides of the fin along the
channel length.



formng a gate over a top and opposing sides of the fin along the
channel | ength. 13. The nmethod of claim 12 wherein the

sem conduct or substrate conprises bul k nonocrystalline silicon.

14. The met hod of claim 12 wherein the sem conductor substrate

conpri ses a sem conductor-on-insul at o5substrate. 15. The

met hod of claim 12 wherein the etching of some of the trench

I solation material fromthe opposing insulative projections occurs
prior to etd® ngTfife BR bk ng8scasPrisinghLrovidiegntfirt pysulative
mat er | énatecslarlomtmneeaﬁ nAkIthei gpposing prpgectipgs niex s alf leasdi pattially
wher ei meaeivieshdndeoitiee ofpwarglletehjeagingf chaenel 8nch i sol ati on materi al
fromthe opposing insulative projections occurs conmensurate with the
etching of e eXpesedetppbsohgelaimes! 8ofcdmerisang cpnukidiray mawer iodl the
t o forimédativkanreteribl within eachldf thbheoppbbivdy @irofdationsl 2o iherreiceived
the et ¢itideg BenBpwhrdiyepidjedithg ichelnaddl gm.material from the opposing

I nsul ative projections is substantially isotropic of said trench

i sol ation mayeri alplurality of fi8id éff@%i h%s@gtofrgrvmé‘r%lﬁ :ﬁdﬁﬂl@uﬁlf&ﬁﬂ{e field

transi gkict tRREIGHSEF the pluraliff pa| r of trenches within a

sem CO”d“Ct Qr sé é&ﬁ&&@ﬁo‘?nsg 503 {é‘% :fb% F‘r”bF%‘EHEERIra egidhs
channehayel & g,lﬂﬁn B i oc et Ny d b % E?egion
base: % ﬂgp éi g % ell le% %é ﬁ%éeﬁ% o g& /drain
mat er | 5‘?958é‘§'es °8 'E) '”§ & (D fhannel

trench!@%9h %’i’ OFBLE 8{}%'% r&,gt"PBnéhe fin
ext endPH@”P&! é?auqry BMtﬂﬁa?d“?éI’a't' 'Pk”?ﬁ% L &r§ Eﬁa‘F length
proj ection 8f 9@t HeRaI BshLVBwEre gt GhannPpe @k eeﬁ&ﬂe@mm@el sides
t owar d akong dhechasmedfenath.aamér bul bous | ower portion;

subst ant i al !WSLdﬂtISQt nopliectd! | yeesiykidndmmediagr!¥f | bereatf thiee fiyul bbasne!
| ower pegicinorend obeneatid thise gedtier adich r mseihetiveleamderial t héneatte the fin
sem copnHaanet reglhch rane;beneath dheegabtxtetidnding redopgi mllodf tthenchesnel
fillingengthaiamdgexténoiegofortlpe daréatipeacnbtsd itheulfiat | steammélermakimum
after gsicntktliragsveishitng thenhas ldmgthy esueh enksalative expesial beneath
opposi fge Sileghaindiheegion e beindatietiRy igdtedl NGdIRE HPUYIRY portlons
| engt hprOJectlngetlﬁWaF@Iyt hewarBoSRe QRRABEAIbEhESE Ohet i SETEMRNAdYEyRIN
gﬁ;ﬁ:};ﬁéla%%% HEftﬁWH}ﬁJ}el RRGER rh2%iTh G Bickived Qadng)%g{sﬁ?ég?r&ggnel
of the e;(r{q]tﬂa? eeatrcmhta% g%fégal%rﬂcﬁéﬁ AMRE éhd ARe RN R

22. A plurality of field effect transistors wherein individual of the field
effect transistors of the plurality comprise:

a bulk semiconductor subsfrate comprising a pair of source/drain
regions having a fin channel region received therebetween; the fin channel
region comprising a channel length extending between the pair of
source/drain regions, opposing channel sides extending along the length of
the channel region, and a top extending along the length of the channel
region;

a gate received over the fin channel top and the fin channel sides
along the channel length; and

trench isolation received within the bulk semiconductor substrate
elevationally lower than the fin channel region and beneath the gate, said
trench isolation extending along the opposing channel sides along all of the
channel length, the trench isolation in cross section fransverse the channel
length comprising a lower trench stem and upper transverse projections, the
upper transverse projections extending from the stem transversally towards
and elevationally lower than the fin channel and the gate.



15 19. The method of claim 18 conprising providing the
insulative material within each of the opposing projections to be at

| east partially received under the upwardly projecting channel fin.

20. The nmethod of claim 18 conprising providing none of the

i nsulative material within each of thd6opposing projections to be
recei ved under the upwardly projecting channel fin. 21. A
plurality of field effect transistors wherein_ individual of the field
ef fect trangdst oPRHM cHEUBrvCAMRK)S rplygality of indiyiduali memRIyt ep!ls
subst r atker@Rpindlyidyah phitheomeparc galisaicenrdsena fiakd wifects fransistor
channelhavéag enpeécel sedredidratetamions, vheapasitehaanakctedivdth one of the
conpr i siongce/draimmegidrehgahdeatEhding contawienonhecpad withh another of the

sour ce/stuace/dragn oegionsppbsifie]dodféecticiransidésr extrgrdiing: al ong t he

| engt h of t besemacmeductegi auhsteate aoitn@pistxd ehdi pair alfoswuriceédiangehiofs
the chamiehavigy enfint bRahhBl ¢BgIYIEreteTicANbBANEDBE theTRsiMuMdduireE/iam
transveg ﬁ)déﬁetﬁéaﬂﬁebhbﬂlﬂ@ﬂ hseglon conpIsing raeCtﬂﬂé/rﬂﬁjeIO\rérﬁgﬂhee)Itbﬁdmg
channelp, \QrBe@anfhé aif bnssh ﬁé@%raﬁw‘ oflsO ﬁcﬂ,‘? hatiflell s%aag xt8Rd 1ng
i nsul atye rn%%h 'm ro?%ﬁbvé’rﬁahr‘i@er@g‘% g )én[%eé"%é haﬁtEﬁd rsﬁ le
(59 on A eﬂsa s Y K, ﬁﬂg Shacren
channe en

channel en

ot b gfé:cﬁ dby ntéfcfﬁrznmarweé @pr aﬁ%ﬁs oA s
mat eri °HR reglon aagq F gtht &l@tef

i ncl udi n g ﬁ(S'F% 96 6?8? &g ri M{ 32 BUER it fBANNel
beneat ﬁeg'l‘\"é" fand chans difteel sl einsylztiee s meterighn P“?@H’I die fin
maxi mufNeRNEk 1egion| A %eneakh tthe eﬁbﬁnr%wtené ralang pEnehtthet peannel
gate al hal angf exkendingnrenlyl qrajtially across2zheafin uehanrgl gnaxirspm
ef f ect thicknesst bagsvpeseithei adanndudenath,t siech iiosdlatieedoatariaisbeneath
of thetipd uiiral chanreinpegiwar and benemtbuthe gatecomludiny oppsstingt portions
conpri projgcéingaiinwairdgoupeerdr aine raegitbes bewmeath athfe rfirc hatnevehelr eggiom
recei veelativer ebtitevian;hdmeelf ieyichanagimaeoitbok tespaisngalleoCirenokannel
| engt hierxgtensiha o diriatpeth et hetepaignphilssitheedsiin &l le@gitans, opposi ng
channel sides extending along the |length of the channel region, and a
top extendipg, al QPgﬂ\Mh&rb@TﬂQ} Boﬁfpr‘ié]ﬁgcﬁﬂﬂﬁélltye&ﬂ FHHlVlduaI memd§l&lls

recei V%é?\éﬁ{ |hHﬁu8h8| am@ mteerpo en ec rm ela' %c@'@ ishér
channel, ok sourc /HFSRCR f? (Ecﬁ‘c‘!@ n U(f the
sem COESHEﬁ?dré Eé E: el gy al Iffq O} r"i‘ﬁ'e&t'é d of the
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t he op805| [I ?ﬁ thf ld
trench | <ol S &Ensr?nmggug ##fraatﬁssamﬁ ? HFce/drain
conpri 5Y9gNg ¢ ayingngd NG eI TeFSH ?éw P& E Héce/f’ﬁé'“
upper FeeRSver e finj eanph @gﬂ%dp RrisiRgt Re 3!y bgngt r Extegding

t owar d?eﬁﬁaeélt@@aﬁ’%r\%ﬁ PQUICKHEFINNRPIPRE, PPﬁoéHwaﬁéllané'ﬁél sifh@s @ndmg
16 along ghe hrpgihc pf ¢he tahaniatgeoe mgard @ teriaxtgnding alang dallength
menor yot é1¢ shamevediragiami vi dual of the nenory cells conprise a field
ef fect transigatm rhacivey @veai theoffirs einaceved ri@ipn anegitesiin aclvapaali sigles
connecabrhguhd comaned I¢hgthsande/ drain regions, and a bit |ine

contact confreatchd isdlahicanatckheived Wwitkirs othec etbdlikaise mieginastot heulistedid
ef f ect elevaiiRirdIBr [®RBPIthahNGie fin chanfebeghRamaduet densdtstihet gate, said
conpri gleR@ht ke | b HteBAIHE eldHi@ithe TGP Bgadamal Higied é!dithBﬂrUTeﬂhe
regi onchgRRLY fsh PRt WRBNtrERBhABbIatiin $9Wre8s Bt @:%Ir%ﬂ/%rsé of ERannel

channe|s { i BinpHzH 4 %' v ér Fr%ﬂ"c‘:ﬂeéte'n?%glhh EP@PAH&QJ neét'il?n 3
of SOUEEE rtF‘é VerdbOhro e8f?89§' % rﬁ %g s{f‘é%ec'? hQ %'%‘Pl §rdfs
| engt h ﬁQﬂ i \Cv R t%

t he ch%nne r ﬂ hannel regl N anaV| ng a ITB.XI mum t hi ckness

transverse the channel Iength



a gate received over the fin channel top and the fin channel sides

al ong the channel |ength; and insul ative material received

i mredi ately beneath the fin channel region and beneath the gate, such
insulative material beneath the fin channel region and beneath the
gate extending along all of the channdlF | ength and extendi ng only
partially across the fin channel maxi mum thi ckness transverse the
channel |ength, such insulative material beneath the fin chan

regi on and Beneat Ret RB!IHEY of HERDBISIGr R I7 g ?pbrwh%rr%npm,'egtv'ﬂaal of
i nwar dithet baaststere HetiRearBbnfaoie ¢l fROrticmen hepPeedyely cenatiise an
to theifwardyapreieatiey e M mwface dresyiatebhpeneatdr thaefiohghasnel
| engt hragrbeneath the gate along all of the channel |ength.

24. DRAM circuitry conprising a plurality of individual nenory cells
wher ei n i ndRéL du@iheopluraétyrexforgnsistdis cdrppains 2 b Wwhelednefift dodividual of
transi shertraasistgra e rinofardburpreletttnd FEYicdRs regp sefpaclyt eomprise an
connecizegudid RuencefeXtbadiyrsRitih o usiyeBbansmmadidtebl thdrigh the fin

cont achapnREeEGHIMA bapraPéingninef trbh%vépé!i 60 @hainhel ¢ghgiks, the field
effect transistor conprising: bul k sem conduct or substrate

conprising the pair of source/drain reglons and having a fin channel
regi on recei ved between the source/drain regions; the fin channel
region conprising a channel |ength extendi ng between the pair of
source/ drai n regions, opposing channel sides extending along the

| ength of the channel region, and a top extending along the | ength of
t he channel region; a gate received over the fin channel top
and the fin channel sides along the channel |ength; and trench
i solation received within the bul k sem conductor substrate

el evationally |ower than the fin channel region and beneath the gate,
said trench isolation extending al ong the opposi ng channel sides
along all of the channel length, the trench isolation in cross
section transverse the channel length conprising a | ower trench stem
and upper transverse projections, the upper transverse projections
extending fromthe stemtransversally towards and el evationally | ower
than the fin channel and the gate. 17 25. The plurality of
transistors of claim?21 wherein, in individual of the transistors,
the inwardly projecting portions respectively conprise an inwardly
projecting convex surface i medi ately beneath the fin channel region.
26. The plurality of transistors of claim21 wherein, in individual
of the transistors, the inwardly projecting portions respectively
conprise an arcuate surface extending continuously frominmredi ately
beneath the fin channel region to parallel a line transverse the
channel | ength.



