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15 an acceptable level of performance of this type of DRAM structure becomes

e

more difficult as the capacitor size decreases. Using capacitor dielectrics
having high dielectric constants and increasing capacitor plate surface area
through surface roughening, greater vertical dimensions, and other various
capacitor shapes have been the conventional approaches to maintaining
20 sufficiently high capacitance.
Another type of DRAM cell uses a structure which is void of a discrete
storage capacitor. An example of a capacitor-less DRAM consists essentially of
only a single transistor (1T) memory cell. Such DRAM cells use a
semiconductor-on-insulator (SOI) structure for storing positive electrical charge
25 in the form of “holes”. The stored positive charge reduces the transistor
threshold voltage (Vy), which is the voltage applied to the gate at which the
channel region between the pair of source/drain regions becomes conductive.
Accordingly, binary data states are represented in a 1T memory cell based on
whether the transistor is switched “on” or remains “off” in response to a voltage
30 applied to its gate during a memory read operation.
Various SOI 1T DRAM cell structures have been developed based on
metal-oxidq—spmiconductor (MOS) field-effect transistor (FET) devices using a
floating SOI channel body in which the holes accumulate. Accordingly, the

source/drain regions are n-type, and the channel region is lightly doped p-type.
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: surface of the semiconductor film accumulates holes. In the case of a partially
depleted floating body cell (PDFBC), a neutral volume region exists.
Accordingly, the neutral volume region is used in the case of PDFBC, and a

20 bottom “plane” is used in the case of fully depleted floating body cell (FDFBC)
for respective hole storage regions representing- data states by potential level.

Regardless, writing a “1” to a floating body cell is achieved by voltage

application in which excessive holes are stored in the floating body channel
region of the FET. Conversely, application of different voltage potentials to the

25 various FET components removes holes of the floating body channel region,
thereby writing a “0”. A mostly non-destructive read or data determination state
of the FET is conducted typically utilizing a different set of voltage parameters
particularly in which the voltage of one of the source/drain regions functioning
as a drain is provided at lower voltage than at which such is provided during

30 either a writing “1” operation or a writing “0” operation. There is a need for
refresh of a written “1” due to hole loss due to injection into the source/drain
because of the forward biased junction. Accordingly, any structure which
facilitates quantity of hole storage and minimizes hole loss by any mechanism

would be an improvement in the context of floating body field-effect transistors.
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transi stors mght also be used in other than DRAM or in other than
menory circuitry. 4 BRI EF DESCRI PTI ON OF THE DRAW NGS Fig 1

is a diagrammatic sectional view of a sem conductor substrate in
process in accordance with an enbodi nent of the invention.
Fig. 2 is aviewof the Fig. 1 substrate at a processing step

subsequent to 5 that shown in Fig. 1. Fig. 3is a viewof the
Fig. 2 substrate at a processing step subsequent to that shown in
Fig. 2. Fig. 4 is-aviewof the Fig. 3 substrate at a

processi ng step subsequent to that shown in Fig. 3. 10Fig. 5is a
view of the Fig. 4 substrate at a processing step subsequent to that
shown in Fig. 4. Fig. 6 is a diagrammtic sectional view of another
sem conduct or



substrate in process in accordance with an enbodi nent of the
I nvention. Fig. 7is aviewof the Fig. 6 substrate at a
pr.ocessi ng step subsequent to 15 that shown in Fig. 6. Fig. 8 1is
a diagrammatic sectional view of another semi conductor substrate in
process in accordance wth an enbodlnent of the invention. Fig.
ocessi ng step subsequent
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that shown in Fig. 3.

10 Fig. 5 is a view of the Fig. 4 substrate at a processing step subsequent to
. that shown in Fig. 4.
Fig. 6 is a diagrammatic sectional view of another semiconductor
substrate in process in accordance with an embodiment of the invention.
Fig. 7 is a view of the Fig. 6 substrate at a processing step subsequent to
15  that shown in Fig. 6. '
Fig. 8 is a diagrammatic sectional view of another semiconductor
substrate in process in accordance with an embodiment of the invention.
Fig. 9 is a view of the Fig. 8 substrate at a processing step subsequent to
that shown in Fig. 8.
20 Fig. 10 is a view of the Fig. 9 substrate at a processing step subsequent to
that shown in Fig. 9.
Fig. 11 is a diagrammatic sectional view of another semiconductor
substrate in process in accordance with an embodiment of the invention.
Fig. 12 is a view of the Fig. 11 substrate at a processing step subsequent
25 to that shown in Fig. 11.
Fig. 13 is a view of the Fig. 12 substrate at a processing step subsequent
to that shown in Fig. 12.
Fig. 14 is a view of the Fig. 13 substrate at a processing step subsequent
to that shown in Fig. 13.
30 Fig. 15 is a view of the Fig. 14 substrate at a processing step subsequent
to that shown in Fig. 14.
Fig. 16 is a view of the Fig. 15 substrate at a processing step subsequent

to that shown in Fig. 15.



Fig. 17 is a diagranmatic sectional view of another sem conductor
substrate in process in accordance wth an enbodi nent of the

I nvention. Fig. 18 is a diagranmatic sectional view of another

sem conductor substrate in process in accordance with an enbodi nent
of the invention. 5Fig. 19 is a viewdf the Fig. 18 substrate at a
processi ng step subsequent to that shown in Fig. 18. Fig. 20 is
a view of the Wiggl173i9 asdibgtanahetiabectigiceswidfhnstien seulisendiedtbr t 0

that shown in Fig. 19. Fig. 21.is a diagra jc sectional view of
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Fig. 21 is a diagrammatic sectional view of another semiconductor
10  substrate in process in accordance with an embodiment of the invention.
Fig. 22 is a view of the Fig. 21 substrate at a processing step subsequent
to that shown in Fig. 21.
Fig. 23 is a view of the Fig. 22 substrate at a processing step subsequent
to that shown in Fig. 22.
15 Fig. 24 is a view of the Fig. 23 substrate at a processing step subsequent
to that shown in Fig. 23.
Fig. 25 is a diagrammatic sectional view of another semiconductor
substrate in process in accordance with an embodiment of the invention.
Fig. 26 is a view of the Fig. 25 substrate at a processing step subsequent
20  to that shown in Fig. 25. '
Fig. 27 is a view of the Fig. 26 substrate at a processing step subsequent
to that shown in Fig. 26. ‘
Fig. 28 is a view of the Fig, 27 substrate at a processing step subsequent
to that shown in Fig. 27.
25 Fig. 29 is a diagrammatic sectional view of another semiconductor
substrate in process in accordance with an embodiment of the invention.
Fig. 30 is a view of the Fig. 29 substrate at a processing step subsequent
to that shown in Fig. 29.
Fig. 31 is a view of the Fig. 30 substrate at a processing step subsequent
30 to that shown in Fig. 30.
Fig. 32 is a view of the Fig. 31 substrate at a processing step subsequent
to that shown in Fig. 31.
Fig. 33 is a view of the Fig. 32 substrate at a processing step subsequent

to that shown in Fig. 32.



Fig. 27 is a view of the Fig. 26 substrate at a processing step
subsequent to that shown in Fig. 26. . Fig. 28 is a view of the
Fig. 27 substrate at a processing step subsequent to that shown in
Fig. 27. 25Fig. 29 is a diagramatic ﬁecti onal view of another

sem conductor substrate in process in accordance with an enbodi nent
of the invention. . Fig. 30 is a viewof the Fig. 29 substrate at
a processi ng sFep Mulsserigahef the FitaB3sthowiratmat gro@9singjsgep gubsegugnt
vi ew of t i . trate at a processing step subsequent 30 to
t hat shom&eflﬁkg}’gg’%s@%%' e g. 32 is a viewof the Fig. 31
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subse_quenfSo ﬁ“é’\{tgﬁg}.”nslﬂo%ﬁ‘ Sﬁ Fig. 32. 6 Fig. 34 is a view of
the Fig. 33 subginatie Bview Bf GEEER. BF sbeRafUNSLAHRIREshY ddiRtuisfaquent
in Fig. 33. Fig. 35is a viewof the Fig. 34 substrate at a

processi nf gkaéﬁhQWB§éd:J§n§5to that shown in Fig. 34. 5Fig. 36 is a
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shown in Fig. 35. Fi /"1's a diagrammatic sectional view of anot her
sem condugithstrate in process in accordance with an embodiment of the invention.

Fig. 38 is a view of the Fig. 37 substrate at a processing step subsequent
10  to that shown in Fig. 37.
Fig. 39 is a view of the Fig. 38 substrate at a processing step subsequent
to that shown in Fig, 38.
Fig. 40 is a view of the Fig. 39 substrate at a processing step subsequent
to that shown in Fig. 39.
15 Fig. 41 is a view of the Fig. 40 substrate at a processing step subsequent
to that shown in Fig. 40.
Fig. 42 is a view of the Fig. 41 substrate at a processing step subsequent
to that shown in Fig. 41.
Fig. 43 is a view of the Fig. 42 substrate at a processing step subsequent

20  to that shown in Fig. 42.
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layers (either alone or in assemblies comprising other materials). The term

"substrate” refers to any supporting structure, including, but not limited to, the
15 semiconductive substrates described above. Subsirate 10 is depicted as

comprising a semiconductor region 12 having an insulator 14 formed thereover.

An example semiconductor material 12 is doped or undoped monocrystalline

stlicon (including for example bulk monocrystalline silicon), and an example

insulator 14 is silicon dioxide. By way of example only, a thickness range for
20  insulator 14 is from about 30 Angstroms to about 5,000 Angstroms.

Referring to Fig. 2, a semiconductor Si;Ge(.xy-comprising layer 16 has
been formed over insulator 14. Such might be provided by any existing or yet-
to-be developed manner. Existing examples may include physical vapor
deposition, chemical vapor deposition, atomic layer deposition, and/or epitaxial

25  deposition or lateral overgrowth, and by way of examples only. One specific
manner of depositing a Si,Ge(;.xy-comprising layer 16 includes epitaxial growth
wherein a suitable sced layer is provided over insulator 14, with
SixGeq.xy-comprising layer 16 being epitaxially grown therefrom by using a
silane and a germane as feed gases with the relative portions thereof

30 determining silicon and germanium concentration within SixGe(.x)-comprising
layer 16. By way of example only, embodiments of the invention include where
x is at least 0.5, at least 0.7, no greater than 0.85, no greater than 0.8, and from
0.7 to 0.85. Regardless, Fig. 2 depicts an embodiment wherein semiconductor

S1;Ge(y.xy-comprising layer 16 is formed to be received directly physically
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Referring to Fig. 4, a gate construction 20 has been formed over

25 semiconductor silicon-comprising layer 18. Such is depicted as comprising a
gate dielectric 22 having a conductive gate electrode 24 formed thereover. Gate
electrode 24 might comprise one or a combination of conductively doped
semiconductive material, elemental metal, alloys of elcmental metals, and/or
conductive metal compounds. Further by way of example only, an insulative

30 cap over gate electrode 24 (not shown) might be associated with gate
construction 20. Gate construction 20 is also depicted as comprising
anisotropically etched insulative sidewall spacers 26 formed about sidewalls of
gate electrode 24 and gate dielectric 22. By way of example only, LDD, halo,

and/or other implants into one or both of semiconductor silicon-comprising



15 layer 18 may contain sonme quantity of Ge or may be void of Ge. In
the context of this docunent, "void of Ge" defines no detectable Ge
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one enbodi nent, sem conductor silicon-conprising layer 18 is void of
Ge. In one enbodi nent, sem conductor %ilicon-conprising |ayer 18
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ani sot 1 o ERFY ARty [hith &9t of tandPri k& ot body bl ng
to Fig. Yggiandaithatoforsiounr Sfethd/EET chpgilons op8rantk as hlcoatiiogvdernnel
channel regi on,3g t her.ebet vveetn have been forrr_eg .using gate dielectric
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drain region of a field-effect transistor which w functio
or both affullyskmesdmagtially deuteted masdterent f1 ow t hrough the channel

region of thepfET abeens & BabbaiReROUhERIMIAN b RALAR dh gpss ati on
m ght al ways cti as elther a source or a drain a
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least in part as a mask during such ion implanting. In the depicted embodiment,
insulative sidewall spacers 26 have also effectively been used at least in part as
a mask during such implanting. Additional masking might also be used.

25 Regardless, in the Figs. 1-5 embodiments, a pair of highest dopant concentration
n-type source/drain regions 28 comprises both semiconductor silicon-comprising
layer 18 and Si Ge(i.x)-comprising layer 16 which have been suvitably highly
conductively doped to be capable of functioning as source/drain regions.
Floating body channel region 30 comprises semiconductor silicon-comprising

30 layer 18 and Si,Ge(.x)-comprising layer 16.

Accordingly and by way of example only, Fig. 5 depicts one embodiment
floating body field-effect transistor 32. Such comprises a pair of source/drain
regions 28 having a floating body channel region 30 received therebetween.

Source/drain regions 28 and floating body channel region 30 are received over



15 thereof operable for a hole storage in a hole storage region

whet her operating in a fully depleted or partially depleted node.

Fig. 5 depicts an enbodi nent wherein ion inplanting of n-type
conductivity enhancing inpurity has been conducted into unnasked
portions of sem conductor silicon-conprising |ayer .18 and

sem conductor 20 Si xGeo_jo-conprising layer 16 to forma pair of
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22 i 45r e@bpuedOBtngstrongateealsigdtilotiegddomnd Ifi lopatdmigp diotbyt eHemeial the
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Si.Geo,)-conprisjng regign 16 and gate 10 dielectric 22. )
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which is about equal to, less than, or greater than (as shown) that of
semiconductor silicon-comprising region 18. Semiconductor SiyGe(j_x)-
comprising region 16 and semiconductor silicon-comprising region 18 might be
provided to have the same maximum widths, or different maximum widths. For

30 example and by way of example only, Fig. 5 depicts semiconductor SixGe(.xy-
comprising region 16 having a greater maximum width 34 than a maximum
width 36 of semiconductor silicon-comprising region 18. This size relationship

might of course be reversed, or the maximum widths made equal.



20 100 Angstrons to about 300 Angstrons. In one enbodi ment where
sem conductor SixGe(l...)-conprising region 16 has a thickness of
from about 20 Angstrons to about 50 Angstronms, x is fromO0.5 to 0. 6.
I n one embodi ment, SixGeo_xyconprising region 16 has a thickness
which is from about 25%to about 75% of total thickness of floating
body channel .regi on, 30, Sem conductor SixGeo_.)-conprising region
16 may have azﬁlﬁfl‘ﬁﬁlﬁg§§‘%iﬂﬁﬁdﬂ§’ Hpotd vandieas erohepwsef pReratiosy
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or ip_a floating body channel region which is honbgenous and
pr eddri nant | y FEaHsT icqthodamenis are next dgpquiad witherchtrouee 4 Fightanl ar e
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floating body cells. 15Further enbodinents are next described w th

r ef er enc &PPEPIFILRfS. Whthagidiferendeiseing iediahwdfwisnthdheufbote® b1 mith

descri bed;# e -5152T 8 Uk o gwher.ea ropriate it h .

di ff erences gll ng 1n Ilsc':altgiéélIﬁvﬁlietpﬁcet ﬁesesl}ldfc??glp(‘"tﬁgs ?Stbﬁt?woaiaftﬁé?@ﬁ?ssmg

nuner al s stefpi gubs6q dei tot thatd sEiniediony Hig.of asdibRtmite td Oentalepacted by Fig.

pr oc%(zsi g 1t egaéubse% nt t.o}t t hat dlgépd'dct ed by Fig.. 4 and alternate

to that o & By Fi 3 198 1810 BRIGASEERMHANS eI HRLYF tilitaTKed

por ti ons compsRi € DY@ AR0An BsdrhidAductor SixGe(y x-comprising layer 16 using
gate dielectric 22 and gate electrode 24 at least in part as a mask for such
etching. Such also depicts using anisotropically etched insulative sidewall
spacers 26 as masking for such etching, and the forming of floating body

25  channel region 30a which comprises semiconductor silicon-comprising layer 18
and semiconductor SixGe.x-comprising layer 16. In Fig. 6 and for purposes of
the continuing discussion, such can be considered as comprising respective
laterally outermost sidewalls 37.
After the etching, semiconductive silicon-comprising material is
30  epitaxially grown from laterally cutermost sidewalls of at least the

silicon-comprising layer to form a pair of source/drain regions. Fig. 7 depicts
one example wherein semiconductive silicon-comprising material 39 has been

epitaxially grown from laterally outermost sidewalls 37 of both silicon-

comprising layer 18 and SixGe(;.x)-comprising layer 16 to form a pair of



conprising layer 18 and sem conductor SixGeo_x)-conprising |layer 16
using gate dielectric 22 and gate electrode 24 at least in part as a
mask for such etching. Such al so depicts using anisotropically etched
i nsul ative sidewal | spacers 26 as maski ng for such etching, and the
form ng of floating body 25 channel regi on 30a which conprises

sem conduct or_Si.l:l. con- i 8l I . . 1 - .
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i ncl ugfs de@w-ige? @ktﬂdﬁdh iiﬁmnonairesgmi dtiﬁ%e@@viﬁ&el: dpperprhee, whvdfferences
Regardl ess and further jn the depjcted e e Fig. enpbodj nment

pai r 18f Heibgipdiraies wtbé'gﬂ&% _%fawtﬂ}ef_i%%g@ﬂd&r%%ra;% g&s%e@%sﬂlfifél y
conpri si NGceRRate! &ﬁ@&ﬁ%ﬁ%f&ﬁ/&éﬁd@d ROTddsPin #6 aNdIAFNLNE, &hdvidred
source/drain portion 42 urt her enbodi nents are next descri bed
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been utilized where appropriate, Wt es el ng I ndi cated
with a sffdmicohblictor SwiGdy: gi-dmpaningniayer abgs pFgded todpiveigseater

al tegpat e _processi to that denpict at. .l.east,in Fig. 4. |In, Fig. 8,
Shot 8r CeRPBEFEE oG, TR R R g sEen ol spluntRsifcq
to be recglivedcosiprene somr candyci@difiixGamn) pleanpibisengs kaypertslGeand
i nsul ator 14. Sem conductor_ SixGe(l ,O conpt, Si | ayer 16 is

provi ded QU@nHAY &0 f¥eK ¥ arphg samE; 45,that degotitied Aty ‘éuﬁﬁﬁ?wté? Ge

Wi thin syehiadRdhesr SBFEONINSE SN g layer 18, although layer 18 and 44 may have

different respective Ge quantities, if any. By way of example only, a thickness

20 range for layer 44 is from about 20 Angstroms to about 100 Angsiroms. Further
and regardless, Fig. 8 depicts an example embodiment wherein semiconductor
Si1xGe(1-xy-comprising region 16 is not received directly physically contacting
against insulator 14.

Processing may occur subsequent to Fig. 8 in accordance with Fig. 5

25 and/or Figs. 6-7, or otherwise, in fabrication of a floating body channel region.
By way of example only, Fig. 9 depicts processing corresponding to that of Fig.
6 in formation of a floating body channel region 30b. Fig. 10 depicts processing
corresponding to that of Fig. 7 in the fabrication of a pair of source/drain
regions 38. |

30 Further embodiments of the invention are next described with reference to
Figs. 11-16. Fig.r 11 depicts processing of the Fig. 4 substrate to produce an
alternate construction to that depicted by Fig. 6 in conjunction with a
semiconductor substrate 10c. Like numerals from the first described

embodiments have been utilized where appropriate, with differences being



silicon-conprising |ayer 44. Accordingly, exanple attributes as
respects Ge quantity in layer 44 are the sane as that described above
Wi th respect to sem conductor silicon-conprising |layer 18, although

| ayer 18 and 44 may have different respective Ge quantities, if any.
By way of exanple only, a thickness 28 range for layer 44 is from
about 20 Angstrons to about 100 Angstrons. Further and regardl ess,
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of gate electrode 24. Fig 11-16 rein
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layer to forma floatin bodg channel region conprisi ng such l[ayers
§

usi ng thengaEéalaPLﬁ ss'é%frtmc ehhinehehggais iy %md{%aésatmq:lé tPlasinpypgas
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t hrough seni co tor silicon- conprising |ayeér t to
seni conduct or Rsifergag, Yo Bgnd2i seeapd fagierlJl@pm%rsl%ghfg@t ecadi irmedriver
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as maski n
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selectivelyoaieh Silhaspeomioag Laver, 18 Selschiuel v LelaLive bf
for doi ngpsserk A8l 4488dPA185 BBlcbSY E1§ etchable relative to first sidewall spacers 26.
Referring to Fig. 13, a second etching has been conducted, this time
through at least some of semiconductor Si,Ge(.x)-comprising layer 16 using gate
dielectric 22, gate electrode 24, first sidewall spacers 26, and second sidewall
spacers 48 at least in part as masking during such etching. Fig. 13 depicts one
25 example embodiment wherein SixGe(;-comprising layer 16 is completely
etched through to insulator 14, and forms a floating body channel region 30c.
Referring to Fig. 14, insulative material 50 has been formed over
sidewalls of semiconductor SixGe(.x)-comprising layer 16. An example
technique for doing so includes exposure to oxidizing conditions ¢ffective to
30 thermally oxidize such sidewalls, thereby forming an insulative silicon-
germanium oxide material. An example lateral thickness range for insulative
material 50 is from about 30 Angstroms to about 300 Angstroms.
Referring to Fig. 15, second sidewall spacers 48 (not shown) have been

etched to expose sidewalls of semiconductor silicon-comprising layer 18.



15 either a 5F6, H2, and CF4 m xture or a CF4, CH2F2, N2, and 02

m xture. Referring to Fig. 12, second sidewall spacers 48 have
been fornmed over first sidewall spacers 26 and over sidewalls of

et ched-t hrough sem conductor silicon-conprising |layer 18. An exanple
techni que for doing so includes deposytion and maskl ess ani sotropic
etch. In one enbodi nent, second sidewal| 20spacers 48 are ideally
sel ect i veWheet clralzxempét amisvktive hitesital SDdewgilises pacidicen 26 rmanium
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38c. 10Accordingly and by way of exanple only, Figs. 5, 7, and 10 °
depi ct exBigpllé SrprshimeshdePife suiatiamatatinlctbeing received between at
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region conprises laterally outernost sidewalls which direct
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sem condu nNpri-si ng region oat1 ng channe
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outernost__sidewal | s of the sem conductor Siﬁ)%‘eo- XY
25 7 with respect to a semiconductor substrate . LiKe numerals from the
above-described embodiments are utilized where appropriate, with differences
being indicated with the suffix “d” or with different numerals. Fig. 17 depicts
processing subsequent to that depicted by Fig. 5, although such Fig. 17
processing could be conducted subsequent to any of that depicted by Figs. 7, 10,
30 or 16, by way of examples only. In Fig. 17, a semiconductor SixGeqj-x-
comprising material 54 has been epitaxially grown outwardly from silicon-
comprising pair of highest dopant concentration n-type source/drain regions 28
to form elevated source/drain portions 55 comprising semiconductor SixGe¢y.x)-

comprising material. SixGe(.xy-comprising material 54 might be the same or



20 conprising region 16 and the source/drain regions 38c, wth Fig.
16 nore specifically illustrating insulative material 50 being
recei ved between all of the laterally outernost sidewalls of the
sem conductor Si xGeo. x)-conprising rddion 16 and the source/drain
regions 38c. Further exanpl e enbodi ments are next described with
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enbodi nent, nhon-el evat ed. source/drain porti.ons 28 c i se sil,icon.
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hel p i ncPEa8eYPgHabi lity of programm ng 10 by inpact ionization in
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gate ind j ad _al s sibly ;hel p.excessi v l e cp
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t he above-descri bed enbodi pents have been ilized where approprj ate,
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20 Fig. 17, processing in connection with sonrce/drain fabrication in production of
the embodiments of Figs. 7, 10 and/or 16, or otherwise, is also contemplated in
the context of Fig. 18.
In Fig. 18, a semiconductor silicon-comprising layer 60 has been formed
over insulator 14. Composition of layer 60 in certain embodiments is in
25  accordance with composition of layer 18 as described above. Accordingly, such
may comprise Ge, or may be void of Ge. Regardless, example gate construction
20 is depicted as being formed thereover.
Referring to Fig. 19, n-type conductivity enhancing impurity has been ion
implanted into unmasked portions of semiconductor silicon-comprising layer 60
30 to form a pair of highest dopant concentration n-type source/drain regions 28e
comprising semiconductor silicon-comprising layer 60 using gate dielectric 22
and gate elecirode 24 at least in part as a mask during such ion implanting. A
floating body channel region 30e is formed between pair of source/drain

regions 28e, and comprises semiconductor silicon-comprising layer 60.



or with different nunmerals. Fig. 18 depicts a sem conductor substrate
10e largely in accordance with the exanple Fig. 17 processing.

However as with 20 Fig. 17, processing in connection with
source/drain fabrication in productiort of the enbodi nents of Figs. 7,
10 and/or 16, or otherwise, is also contenplated in the context of
Fig. 18. Referfing.to Hig. 20 semiicondudooSidid(i-oetepripinigsiatgriadpdrhas

60 has begn for.oed Qver insul.ato .. Conpasikti.on aof | ayer 60 |
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sem conductor silicon-conprising layer 60 30 to forma pair of
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between paitr of source/drain regions,28e, and conprjses sem conductor
Si 11 con- CORpF FAFIS! FEgian s arerBopdpe,oveh g B HRET Lb. Adhis eliaodeor
Si xGetp ) - RORPEIvEH BYoRBh Akl fabathfs hedy beaih e Rbiaxi Fd, Yvigh @WatOdicladteicy22

from pair_of highest dopant concentration n-type siliconp-conprisi %
sour ce/ drBFIRETEEHIYRS boBResh epiGralreiredamt a drd dipaygbain cputsl spgiogsie.
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Accordi ngly by way of _exgi?l e only, and further 1ndependent of

met hod, Fiaqpre@@ralapiostionard exdapioa-¢lpvatel rguberdgrain gogtien £8et The
transi sto 1,31 i I rai j .
having & TFORE RS Rk O pRaBh! B LRI EL S, IR R A RE A drain
Sour ¢k draimione gifensn2Bed Sbiged: ddmaiticogcbudytichanntedny eghprisid@esibcen.
recei ved auer a i ns atgr 14. A) gate el.ect rs%lde 24 th i s recej vetot
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region 30e. Each of the pair of squrce/drain regions 28e/55 conprises
an el evat%‘Hn@aﬁhn&egpélf%ﬁ/ﬁfﬁiﬁrﬁqrﬁﬁ“é'r%eand a non-el evat ed source/drain

portion 28e. ThgiRlaMALEH e M SBIBNLA Srext IRISHEAIR L&hedtibioRitk) -
Non- el evat ed source/drain 15 portions 28e conprise hi ghest dopant

concél®t r alfigdn2 pardt ingtrnneshgni with g seimireadictaesefurdrate 0Pl hike avamesds
oL o B0 A USSR A IR P
si | i con- cdififeréemsics gedmglindtdredi mithohe¢ poffi28€’ or with different numerals. Fig.
21 is similar to the in-process embodiment of Fig. 3, however with a Si,Ge.xy-
comprising layer 16f not being homogenous at least regarding Ge concentration.
25 For example, Fig. 21 depicts one portion 62 intended to designate a different Ge
concentration from that of another portion 64 of Si,Ge(.xy-comprising layer 16[.
For example, portion 62 might have higher Ge concentration than portion 64, or
portion 64 might have higher concentration Ge than portion 62. Further, a
gradual or other different gradient in Ge concentration across the thickness of
30 SiyGe(.xy-comprising layer 16f may be used.
Figs. 22 and 23 illustrate subsequent processing occurring which
corresponds to that of Figs. 4 and 5, respectively. Alternately by way of

example only, processing in accordance with any of the other above-described

embodiments might also be conducted. Fig. 24 depicts processing subsequent to



Furt her exanpl e enbodi nents are next described in connection with 20
Figs. 21-24 in connection with a sem conductor substrate 10f. Like
nunerals fromthe above-descri bed enbodi nents are utilized where
appropriate, with differences being imdicated with the suffix "f" or
with different nunerals. Fig. 21 is simlar to the in-process

enbodi mentapbs Fig-238coOWRMRlin M B RrPhtdeeR 1) pro IR 8k Midtddayse i 6f7.
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way of example only, Fig. 25 depicts previous formation of a
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SixGeq-xy-comprising layer 64 is of greater concentration than any Ge
concentration in silicon-comprising layer 62, and in one embodiment
25 semiconductor Si,Geq-x-comprising layer 64 might be considered as a second
SixGe(1.xy-comprising layer 64. A semiconductor silicon-comprising layer 18 has
been formed over and in direct physical contact with semiconductor
SixGe1-xy-comprising layer 64. The semiconductor SixGe(;-x)-comprising layer
64 has greater quantity of Ge than any quantity of Ge within semiconductor
30 silicon-comprising layer 18. Example gate construction 20 has been formed
over semiconductor silicon-comprising layer 18.
Fig. 25 also depicts etching having been conducted into unmasked
portions of semiconductor silicon-comprising layer 18, second

SixGe(1-x)-comprising layer 64, and first SiyGe(.x-comprising layer 62 to form a



20 received over an insulator 14. Sem conductor silicon-conprising
material 62 in one enbodi nent conprises Ge, and m ght be consi dered
as a first Si.Geo-,0- conprising | ayer I n one enbodi nent, GCe
concentration in sem conductor SixGed®xyconpri si ng |ayer 64 is of
greater concentration than any Ge concentration in silicon-conprising
| ayer 62, flasing bodpehenbadicgint 325 comprsonguCteast ﬁim'@@@ducﬂmri si ng
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by any theory of invention or opera’uon a thin insulative layer 68 provided as
described in the Fig. 28 embodiment might further isolate excessive holes which
are stored in a bottom silicon-germanivm-comprising buried channel region and

25 reduce dissipation and thereby perhaps enhance charge retention.

Further embodiments are next described in connection with Figs. 29-36
with respect to a semiconductor substrate 10h. Like numerals from the above-
described embodiments are utilized where appropriate, with differences being
indicated with a suffix “h” or with different numerals. Referring to Fig. 29, a

30 semiconductor first silicon-comprising layer 72 has been formed over
insulator 14. Composition and dimensional parameters of first silicon-
comprising layer 72 can, by way of example only, be the same as those

described above with respect to layer 18 of the first-described embodiment. A

semiconductor SixGe(;.x)-comprising layer 74 has been formed over first silicon-



conprising layer 62 to forma pair of source/drain regions 71 Not
being limted by any theory of invention or operation, a thin

insul ative | ayer 68 provided as described in the Fig. 28 enbodi nent

m ght further isolate excessive holes which are storediin a bottom

si li con-germani um conprising buried dhannel region and 25 reduce

di ssi pati on and thereby perhaps enhance charge retention.
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Referring to F 31, etching has been conducted into unmasked
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Referring to Fig. 33, etching is continued this time into first
silicon-comprising layer 72 at least using semiconductor SiyGe(_x)-comprising
layer 74, second silicon-comprising layer 76, second sidewall spacers 48h, first
25 sidewall spacers 26, gate dielectric 22, and gate electrode 24 as a mask during
such etching. As depictéd, such etching is in one embodiment completely
through first silicon-comprising layer 72 to insulator 14. In one embodiment,
such thereby forms a floating body channel region 30h.
Referring to Fig. 34, insulative material 50h has been formed over
30 outermost lateral sidewalls of first silicon-comprising layer 72.
Referring to Fig. 35, second sidewall spacers 48h (not shown) have been
removed to expose outer lateral sidewalls of second silicon-comprising layer 76

and semiconductor SixGe(.xy-comprising layer 74 of floating body channel

region 30h.



and Si"Geo_.)-conprising |ayer 74. Referring to Fig. 33, etching
is continued this time into first silicon-conprising |ayer 72 at

| east using sem conductor Si.Ge(t_.)-conprising |ayer 74, second
silicon-conprising |layer 76, second sjdewall spacers 48h, first 25
sidewal | spacers 26, gate dielectric 22, and gate electrode 24 as a
mask during such et.ching.. As depicted, such etching is in one
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second Siéii @8('} X?%o rplllssllt? reglgnoﬂl recéwcﬂ%e%ween rgﬁgn% 2nd 72.
Semiconductor SixGe(.xy-comprising region 74 has greater quantity of Ge than
20  any quantity of Ge within each of semiconductor first and second silicon-
comprising regions 72, 76, respectively.

Semiconductor first silicon-comprising region 72 is received directly
physically contacting against insulator 14, and comprises laterally outermost
sidewalls. An insulative material 50h is received between at least some of such

25  laterally outermost sidewalls and source/drain regions 38h. In one embodiment,
first and second silicon-comprising regions 72, 76, respectively, are void of Ge.
In one embodiment, semiconductor first and second silicon-comprising region
72, 76, respectively, consists essentially of p-doped silicon. In one embodiment,
second silicon-comprising region 76 and semiconductor Si,Ge.x)-comprising

30 region 74 comprise laterally outermost sidewalls which directly physically
contact against source/drain regions 38h.

In one embodiment, a method of forming a floating body field-effect
transistor includes forming a semiconductor SixGe x)-comprising layer and a

semiconductor silicon-comprising layer over an insulator. Either might be



Si.Geo..)-conprising region 74 received between region 76 and 72.

Sem conductor Six.Ge(l...)-conprising region 74 has greater quantity
of Ge than 20 any quantity of Ge within each of sem conductor first
and second silicon-conprising regions 72, 76, respectively.

Sem conductor first silicon-conprisird region 72 is received directly
physi cally contacting agai nst insulator 14, and conprises |laterally
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descri be&lqlﬁa@gn\yﬁhébg: GHff\H‘t m p?rg\guh;)d;xff@gcnt numerals. Referring to Fig. 37, a

semiconductive material first region 80 has been formed over insulator 14. By
25 way of examples only, composition for the same might be either of that
described above in connection with layers 16 and 18 in the first-described
embodiments. Accordingly and in but one embodiment, first region 80
comprises a silicon-comprising material which has been deposited over insulator
14, and in one embodiment in direct physical contact therewith.
.30 Referring to Fig. 38, trenches 81 and 82 have been etched into
silicon-comprising material 80 to insulator 14.
Referring to Fig. 39, trenches 81 and 82 have been filled with insulative
material 84. Example materials 84 include doped or undoped silicon dioxide,

and/or silicon nitride. An example manner of forming the construction of Fig.



Wi th respect to a sem conductor substrate 10m Like nunerals fromthe
above-descri bed enbodi nents are utilized where appropriate, with
differences being indicated with the suffix "m' or wwth different
nunerals. Referring to Fig. 37, a sem_conductive material first
region 80 has been formed over insul ar 14. By 25 way of exanples
only, conposition for the same m ght be either of that described
above in 3£bimb3atdiepnsiw\iiommﬂ lagzmrisal B efferth@ tfonotdréillf iresehedeSlcand 84,
enbodi nen and .in b od| 4 flrst
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of form qgaﬁ%e@?ﬂgﬂﬁﬁbgﬁlﬂgﬁﬂeﬂl wiRGRR R rial 86 being epitaxially grown

therefrom and from semiconductive material first region 80. In one embodiment
and after such growth, semiconductive material second region 86 might be
polished, for example by chemical mechanical polishing. Regardless, Fig. 40

25 depicts a gate dielectric 88 as having been formed over semiconductive material
second region 86. An example material is thermally grown silicon dioxide.

Referring to Fig. 41, a gate construction 89 has been formed. Such is

depicted as comprising a gate electrode 90 comprised of conductive layers 91
and 92. By way of example only, conductive layer 92 might comprise

30 conductively doped polysilicon, while conductive layer 91 might comprise one
or a combination of a refractory metal and/or a refractory metal silicide. Gate
construction 89 is also depicted as comprising anisotropically etched insulative

sidewall spacers 93 which have been formed over laterally outermost sidewalls



20 region 86 is by epitaxial growth. For exanple, a seed |ayer can be
deposited at |east over insulative material 84, with material 86
being epitaxially grown therefromand from sem conductive nateri al
first region 80. In one enbodi nent and after such grow h,

sem conductive material second regi o386 m ght be polished, for

exanpl e by chem cal nechanical polishing. Regardless, Fig. 40 25

depi cts aofgmate cdéatelst 90.c A3Binasiabnel cup (eeshbéwnimedgzhy&lso of course be
sem condugctive material second region 86. An exanple material is

t her mal | Oélrnc? silicon dioxide. Referring to Fig. 41, a gate
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material first region 80 and sem conductive material second region
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region 86 to forma pair of source/drain regions %6. In one
enbodi meftaterigl 84 and in one embodiment in direct pI?ysical contact therewith. Each
source/drain region 96 in one embodiment, and as shown, is formed to comprise
20  an elevated source/drain portion 97 and a non-elevated source/drain portion 98.
In one embodiment, source/drain regions comprise silicon, with example
materials being as described above in connection with source/drain regions 38 of
the example Fig. 7 embodiment.
Fig. 43 also depicts an example floating body field-effect transistor 100
25  independent of method of fabrication. In one such embodiment, such comprises
a pair of source/drain regions 96 having a floating body channel region 30m
received therebetween. Source/drain regions 96 and floating body channel
region 30m are received over an insulator 14. A gate electrode 90 is received
proximate floating body channel region 30m, with a gate dielectric 88 being
30 received between gate electrode 90 and floating body channel region 30m. Such
floating body channel region comprises first and second regions 80 and 86,
respectively, with second region 86 being received elevationally between gate
dielectric 88 and first region 80. First region 80 comprises laterally outermost

sidewalls 85, with insulative material 84 being received contacting directly



shown, pair of source/drain regions 96 are epitaxially grown over
insulative material 84 and in one enbodi nent in direct physical
contact therewith. Each source/drain region 96 in one enbodi nent, and
as shown, is forned to conprise 20 an_ el evated source/drain portion
97 and a non-el evated source/drain pdytion 98. I n one enbodi nent,
source/drain regions conprise silicon, with exanple materials being
as descr i]ﬁé@i%ﬂg\vég&instbﬂm‘@ﬁwi vievhott sddeiw ddy 8P af finseodgins 888 lof onche
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with a gdioemdhelesderaze \aupe; g SO ¢rebedieantpeasier §Ogmepdsasdialede 90
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regi on conprises tirst and second regi ons an , respectively,

wi t h secdheicedilomagaopemse 586eiviedorekbrampleomadd yobdtenerentgtives,
dielectric 88 and first region 80. FEirst, region 80, copprise

ater al | PSTel oo & st Hatgns sy denc helrave e il vap "o et
receiied sthob@conFisdhg acitbpal 2dapbyseAbey abgad.nst | ateral ly
outernost sidewalls 85 of first region 80. In one enbodi nent, first
region 80 has a thickness which is greater than that of second region
86. I n one enbodi nent, each of first and second regions 80 and 86 is
void of Ge. Yet in one enbodi nent, at |east one of first and second
regions 80 5 and 86, respectively, conprises Ge. One or both of
regions 80 and 86 m ght form hol e storage volune. |In one enbodi nent,
region 80 conprises hole storage volune and in one enbodi nent an

el evationally inward portion thereof Region 80 nay conprise
Si"Ge(l_.) for exanple in any of the orientations, positions, and/or
concentrations as descri bed above and with or w thout other



10silicon-conprising material as al so descri bed above. 25 CLAI M5

1. Afloating body field-effect transistor conprising: a pair
of source/drain regions having a floating body channel region

recei ved therebetween, the source/drain regions and the floating body
channel region being received over an insulator; a gate el ectrode

proxi mate the floating body channel region; a gate dielectric
recei ved between the gate el ectrode arm the floating body channel
regi on; and each of the pair of source/drain regions conprising

an el evaleall®urce/ drain portion and a non-el evated source/drain
portion, the elevated source/drain portion conprising SixCGe(1,), the
non- el evat ed source/drain portion conprising a highest dopant
concentrati on, poraA Fleatisgraydysiied-sifédiciean siSraianpiisingt N the el evat ed
sour ce/ dr ai na psxit ldmschﬁb@girgrrﬁ@é@bnbhﬁ@wﬁﬁmCﬂ@d‘ttdg} Yodl &aridinigyidme
hi ghest rgodiael ansredRtiabh OnhBokbl fik/afaihNeedioRsekAMativsl floating body
si | i conyeaARE| ﬁé@gn%m@@é@én%ﬂ R@rtdrPthsulator; 2. The floating body
field-effect,tly-a8%64106d€ r6>hﬁr|d”fb1th)éhﬁfa¢idg b&&y Bhahest repernt
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non-elevated SI|ICOI‘1 compnsmg source/drain portion.

2. The floating body field-effect transistor of claim 1 wherein the

highest dopant concentration portion of the non-elevated source/drain
portion is void of Ge.

3. The floating body field-effect transistor of claim 1 wherein the
highest dopant concentration portion of the non-elevated source/drain
portion comprises Ge.

4, The floating body field-effect transistor of claim 3 wherein Ge
guantity in the highest dopant concentration portion of the non-elevated
source/drain portion is less than about 10 atomic per cent.

5. The floating body field-effect transistor of claim 4 wherein Ge
quantity in the highest dopant concentration portion of the non-elevated
source/drain portion is less than about 1 atomic per cent.



gquantity in the highest dopant concentration portion of the
non- el evated source/drain portion is |l ess than about 1 atom c per
cent. 26 6. Afloating body field-effect transistor

conpri si ng: a pair of source/drain regions having a floating
body channel region received therebetween, the source/drain regions
and the floating body channel region being received over an
insulator; a gate el ectrode proxi mate2®he floati ng body channel

regi on; a gate dielectric received between the gate el ectrode
and the floafing Biwptiwahpedy fiekdiedact Hagsistor comppiging oat i ng body
channel regi énpeisngl Peuieg/drade nie@iiudryinsi. teating cOpRGet EgQien,
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and the seni eogrtectlectredeinyoninatiepttiost pgling §odn, chateed sediednmduct or

Si , Geo, o- conpr g&lendielegjrionrclcainath bgiwaertheaieielgcupdeandhiime dlopting
quant i t yoasfy Geanmielhiegiariearsem conduct or silicon-conprising region.
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per centcomprising rk@ionthe fl oating body field-effect transistor of
claim9 wherein Ge quantity in the sem conductor silicon-conprising
region is | egs thane absutingl baldgntieldeeffecentansistér of claimld.wherein the
f | oat i ngdmwidyntileldd-sid@ctommAnshg rogionoBprdisdicidGe. ‘

9. The floating body field-effect transistor of claim 6 wherein the
semiconductor silicon-comprising region comprises Ge.

9. The floating body field-effect transistor of claim 8 wherein Ge
quantity in the semiconductor silicon-comprising region is less than
about 10 atomic per cent.

10. The floating body field-effect transisior of claim 9 wherein Ge
guantity in the semiconductor silicon-comprising region is less than about
1 atomic per cent.



a pair of source/drain regions having a floating body channel region
recei ved therebetween, the source/drain regions and the floating body
channel region being received over an insulator; a gate el ectrode

proxi mate the floating body channel region; a gate dielectric
recei ved between the gate el ectrode and the floating body channel
regi on; the fl oating body channel region conprising a

sem conductor first silicon-conprisimyregion, a sem conductor second
silicon-conprising region, and a sem conductor SixGe(l.x)-conprising
regi on; the senm cofidatingrbddly, fGeld-efyecinipan sistuy cegpsinigei ng recei ved
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14. The floating body field-effect transistor of claim 11 wherein the
semiconductor second silicon-comprising region and the semiconductor
SixGex)-comprising region comprise laterally outermost sidewalls which
directly physically contact against the source/drain regions.



formng a gate dielectric and a gate el ectrode over the sem conductor
silicon-conprising |ayer; and using the gate dielectric and the
gate electrode at least in part as a nmask, ion inplanting n-type
conductivity enhancing inpurity into unmasked portions of the
sem conductor silicon-conprising |ayer and the sem conduct or
Si xGeo.,0-conprising layer to forma pair of highest dopant
concentration n-type source/drain regf®ns conprising the
sem conductor silicon-conprising |layer and the sem conduct or )
Si xGe(l . x) . cdfpriAi methagerof &iningr @ rpading ddhdidldsiiettantnsistor,
regi on E&MREBHNGYhe pair, the floating body channel region conprising
t he seni condiRtdiNgsd se&uﬁ%@wpr@I@emwé@m@m@lnm@yﬁrﬁwmw@ﬂator:
Si xGe(l..) - comipningi agsemyeanductor silicog-camerisinttlangr i9ydy and in direct
fi el d- efffesicalr gastantowiiss tbeasamicantaph SeGeuantaamypiiging layer, the
t henon- edawigpedustuurSieGdraiPeorpiizingdayesbavingngreisdet qoantikt ohte than
cent. any quantitYheff Geatwilgirbdlig fseglidondéelor silmoesi-eemprising| layar;
10 wherei n Giorpiagt 4 igate rlieleetnie @incdon ade eiesirbd e anves ghpr$aningyndegian
i s | ess gih@m-gboutrising layemiandper cent.
using the gate dielectric and the gate electrode at least in part as a
mask, ion implanting n-type conductivity enhancing impurity into unmasked
portions of the semiconductor silicon-comprising layer and the
semiconductor SiyGeq.x-comprising layer to form a pair of highest dopant
concentration n-type source/drain regions comprising the semiconductor
silicon-comprising layer and the semiconductor SixGe(.x).comprising layer,
and forming a floating body channel region between the pair, the floating
body channel region comprising the semiconductor silicon-comprising layer
and the semiconductor SixGe(.xy-comprising layer.

16. The floating body field-effect transistor of claim 5 wherein Ge
quantity in the non-elevated source/drain portion is less than
about 0.1 atomic per cent.

17. The floating body field-effect transistor of claim 10 wherein Ge
quantity in the semiconductor silicon-comprising region is less than
about 0.1 atomic per cent.



