WD 2004/ 019384 PCT/ US2003/ 026906 Sem conduct or Constructi ons TECHN CAL
FIELD [0001] The invention pertains to sem conductor constructions and
met hods of forming seniconductor constructions. In particular aspects,
the invention pertains to nethods of form ng DRAM constructi ons.
BACKGROUNDWYOROHAIBANVENTI ON [ 0002] El ectrical isol ati oRCT/BSWeM0M5Y
utilized in sem conductor constructions to alleviate, or prevent,

| eakage between el ectrical devices. K For jinstance, it is frequently
desired in dynamic randon1agggggmﬁgﬁgﬁ§3¥éﬁﬁgﬁmﬁabrication to avoid
sub-threshol d | eakage between access devices (such as, for exanple,
access tranﬁgi%ggA Eﬁi{uctlons) There can be several facets which
i nfluence |e ents between field. effect transistor devices,
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sui t abPfemner foreterminingdf ageess davicgs, arepesiqrming adequately lt is found that reducing
gate oxide thickness of access devices can imprave a sub-threshold behavior of the devices

while simultaneously increasing a drive current. However, a threshold voltage of a device
reduces with the decrease in gate oxide thickness. Increasing dopant levels in channels of the
devices can increase the threshold voltage to an acceptable level and compensate for the
reduction in gate oxide thickness, but can increase junction leakage in source/drain regions.
! _ Additionally, the increased dopant level in a channel of a device can adversely cause junction
capacitance to increase, cause channelhmobility reduction, and reduce the current drive of the
device.
[0004] It would be desirable to develop new methods for reducing sub-threshold leakage of
devices. It would be further desirable if such new methods avoided increasing dopant
~ concentration in channel regions of access devices. Additionally, it would be desirable if such
new methods could be utilized for forming structures suitable for electrical isolation in an
integrated circuit construction.

SUMMARY OF THE INVENTION
[0005] In one aspect, the invention encompasses a semiconductor construction having a
pair of channel regions within a semiconductor substrate. Each of the channel regions has a

sub-region which is doped with indium or heavy atom acceptor atoms such as Ga or Tl. The
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integrated circuit construction. SUMVARY OF THE | NVENTI ON [ 0005] In one
aspect, the invention enconpasses a sem conductor construction having a
pair of channel regions within a sem conductor substrate. Each of the
channel regions has a "sub-region which is doped with indiumor heavy
atom acce r such as Ga or TI. The 1 WD 2004/0
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side of the first source/drain region farther beneath the first transistor construction.
Source/drain extensions are absent from a second side of the first source/drain region and are
also absent from the second source/drain region.

[0007} The invention also encompasses methods of forming semiconductor constructions.

BRIEF DESCRIPTION OF THE DRAWINGS

[0008] Preferred embodimenfs of the invention are described below with reference to the
following accompanying drawings.

[0009] Fig. 1 is a diagrammatic, cross-sectional view of a fragment of a semiconductor
wafer construction which can be formed in particular embodiments of the present invention.
[0010] Fig. 2 is a diagrammatic, cross-sectional view of a fragment of a semiconductor
wafer construction at a preliminary stage of a fabrication sequence which can be utilized in
forming the Fig. 1 structure.

[0011] Fig. 3 is a view of the Fig. 2 wafer fragment shown at a processing stage
subsequent to that of Fig. 2.

[0012] Fig. 4 is a view of the Fig. 2 fragment shown at a processing stage subsequent to
that of Fig. 3.



[0007] The invention al so enconpasses net hods of form ng sem conduct or
constructions. BRI EF DESCRI PTI ON OF THE DRAW NGS [ 0008] Preferred
enbodi ments of the invention are described below with reference to the
fol |l ow ng accorrpanyi ng drawings. [0009] Fig. 1 is a diagrammtic,
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present invention. [0010] Fig. 2 is a diagrammatic, cross-sectional
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prelim nar stage of a fabrication sequence which can be utilized in
formi riBatihE9Ftg. 1 structure. [0011] Fig. 3 is a view of the Fig. 2
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st age WE@ gnt to that of Fig. 4. [0014] Fig. 6 is a view of the Fig.
2 fragtﬁé at a processing stage subsequent to that of Fig. 5.

(0015] [0i16] TFigs8 & arviewobthetffig ZFragmeht Ehawetird pohessingatage subsepest thg
stage ; utb§gg’u?nt to that of Fig. 6. [0016] Fig. 8 is a view of the Fig.
2 frag hown at a processing stage subsequent to that of Fig. 7.
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st age tﬁ?‘rtb? ugnt to that of Fig. 8 [0018] Fig. 10 is a view of the
Fig. 2 Trag nt shown at processi ng stage subsequent to that of Fig.
9. (ooiemah gFig110 k@ \@wpféhﬁ 51- 2 fregmpiy. shown ahg REAsessigcipgeatubsequentiessi ng
st age tggmm,ugnt to that of Fig. 10. [0020] Fig. 12 is a view of the

Fig. 2 ftragment shown at groce?m ng Stage subsequent to
[0019 Fig. 11 is a view of th Fig. 2 fragment sho n ataprocessmg stage subsequent to

that of Fig. 10. -

[0020] Fig. 12 is a view of the Fig. 2 fragment shown at a processing stage subsequent to
that of Fig. 11.

[0021] Fig. 13 is a view of the Fig. 2 fragment shown at a processing stage subsequent to
that of Fig. 12.- :

[0022] - Fig. 14 is a diagrammatic, cross-sectional view of a fragment of a semiconductor
wafer construction which can be formed in a second embodiment of the present invention.

[0023] Fig. 15is a view of the Fig. 2 wafer fragment shown at an alternate processing stage
subsequent to that of Fig. 2.

[0024]) Fig. 16 is a view of the Fig. 2 fragment shown at a processing stage subsequent to
that of Fig. 15.

[0025] Fig. 17 is a view of the Fig. 2 fragment shown at a processing stage subsequent to
that of Fig. 16.

[0026] Fig. 18 is a view of the Fig. 2 fragment shown at a processing stage subsequent to
that of Fig. 17.

[0027] Fig. 19 is a view of the Fig. 2 fragment shown at a processing step subsequent to
that of Fig. 18.

[0028] Fig. 20 is a view of the Fig. 2 fragment shown at a processing stage subsequent to
that of Fig. 19.

[0028] Fig. 21 is a diagrammatic, cross-sectional view of a fragment of a semiconductor
wafer construction which can be formed in a third embodiment of the present invention.

[0030] Fig. 22 is a diagrammatic, cross-sectional view of a fragment of a semiconductor

wafer construction which can be formed in a fourth embodiment aof the present invention.



that of Fig. 11. [0021] Fig. 13 is a view of the Fig. 2 fragnent shown
at a processing stage subsequent to that of Fig. 12. [0022] Fig. 14 is
a diagrammatic, cross-sectional view of a fragment of a sem conduct or
waf er construction which can be forned in a second enbodi nent of the
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that of Fig. 28:

DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS

[0038] Fig. 1 illustrates a semiconductor construction 10 encompassed by particular
aspects of the present invention. Construction 10 comprises a substrate-12. To aid in
interpretation of the claims that follow, the terms “semiconductive -substrate” and -
“semiconductor substrate” are defined to mean any construction comprising semiconductive -
material, including, but not limited to, bulk semiconductive materials such as a semiconductive
wafer (either alone or in assemblies comprising other materials thereon), and semiconductive
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.

[0039] In particular aspects, construction 10 can correspond to a DRAM array.
Construction 10 comprises a pair of field effect fransistor devices 14 and 16 supported by
substrate 12, and also comprises a device 38 having a different threshold voltage than devices
14 and 16. Device 38 can be utilized for electrically isolating devices 14 and 16 from one
another as discussed below.

[0040] Each of devices 14 and 16 comprises a transistor gate stack 22 which includes an
insulative material 24, a conductively doped semiconductive material 26 (also referred to as a
gate layer), an electrically conductive mass 28, and an insulative cap 30.

[0041] Insulative material 24 can comprise, for example, one or more of silicon nitride,
silicon dioxide and silicon oxynitride. Insulative material 24 typically comprises silicon dioxide,

and can be referred to as gate oxide.
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waf er construction at a prelimnary stage of a fabrication sequence
according to an alternative enbodinent of the present invention. [0035]
Fig. 27 is a view of the Fig. 26 wafer fragment shown at a processing
st age subsequent to that. of Fig. 26. [0036] Fig. 28 is a view of the

Fig. 26 fr 19340Wn at a processing stage subseque of Fig.
27. [0037]@% g. 29 Is a view of the Fig. 26 fragnent sryﬁg\/\[/l%mott"}a?ﬁt)o

processi ng stage subsequent to that of Fig. 28; DETAI LED DESCRI PTI ON OF
THE PREFOGERRELT oGtk ykbi& h&&&&] 261 @n dom'ldrlbel,stof atxempe sanﬂmmuﬂ&pea

' 10.
v e B B SR TRARNE Y A Pehals Aror ofpaFEAT ort Srg RN can
I nt er poeipdse oitypef ddphet (slich aas forhaxamble] blcmphd)rbes breansenit)s entaro oshigrise \pe

substr, tﬁf;etec'*'og gsucha%n?op BBro bs_trat e" are defined to nean any
constr n ng sent con ctlve material, including, but not

| i mi t efpoAd] tﬁnﬂdustfymnwﬁch&omﬂ twpicaiyt ennipsibs adayeh obisilicidestermexbdicketly biven

waf er Jﬁ?ut BffacdloP BSikbn mté?eﬁ sérbér' aeﬁaggrowétﬁﬂ f@?ﬂ gs?écu 3{4 g:lr@?;%any

t here sem conduct ers
assentfdgatost) é@ﬁp’\er leverpf W"h@f Tlhhw@'lch ftymis qm@etsélecm mef@b%ltZﬁat e" refers to

any SUM‘ | NEsiFtvl 5356 carl ddrPiprige, Ash erMBIerES?\Te ch 'bﬂ?htcﬁgni&d?i nnth&@and silicon

sem co ive substrates described above. I'n particular
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the entire spacer width under spacers 32. .
[0047] Source/drain regions 34 are conductively-doped diffusion regions extending into
- substrate 12. Typically, transistor constructions 14 and 16 will be NMQS. transistors, and
accordingly source/drain regions 34 will be n-type doped diffusion regions. in other words, the
majority dopant within diffusion regions 34 will be n-type dopant. The term “majority dopant”
refers to the dopant that is most abundant within the regions. Accordingly, if both p-type and n-
type dopant are present in the regions, the majority dopant type will be that which is most
! prevalent. Additionally, it is noted that the stack 36 (discussed in more detail below) provided
between stacks 22 can be incorporated into an NMOS transistor if a sufficient threshold voltage
is provided.

[0048] The source/drain regions 34 extend under spacers 32 in the shown construction. It
is to be understood however that other structures can be formed in which the source/drain
regions do not extend underneath the spacers, or even in which at least some of the spacers
are eliminated. Additionally, source/drain regions 34 can extend beneath spacers 32 less than
the full spacer width, can extend the full spacer width or can extend beyond the spacer to
beneath the corresponding stack (not shown).

[0049] The various source/drain regions are connected to either capacitor constructions 42
or digit lines 44 to define various memory cell units of the DRAM memory array.

[0050] An isolation region 38 extends between transistor constructions 14 and 16, and can

be utilized to electrically isolate such transistor constructions from one another. isolation region
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WD 2004/ 019384 PCT/ US2003/ 026906 [0042] Conductivel y-doped material 26
can conprise, for exanple, conductively-doped silicon. The silicon is
typically in an anorphous and/or polycrystalline form The dopant can
conpri se n-type dopant. (such as, for exanple, phasphorous or arsenic),

or can CO'WéE&ong'ésiype dopant (such as, for exanple, M{@?’%Q%@m
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cloparitasgphl. 3P Sateter AR agPiRe Sictaiant oty ! d OB ABTSRE W B HE  ha
whi ch étsmsm@f of pmtrep-perand nAge dopantal [Typically, 8 sonenteation lwhthet dopastt @albe36
(di scuaso%gf1 gqoﬂ?{oﬁ]sgﬁ)h\ﬁ/lols bel ow) provided between stacks 22 can be

ed rnto an

i ncor pora _ transistor if a sufficient threshold voltage
i s pro@ddll. hopartiularrembasiments af Henpiesentonventian, oxeaterial 4thgan copadsess 32

i Nt hesssboly 6R§HE Ycddpart(i.d. tat 1ehst Jo% Sr8hdlasHaRERARIMBRIENVEN cahhRtp-9bdier -
structures can be fornmed in which the sgurce/drain :
- or material 40 can effectively comprise two types of dopant (in other words, less than-99% of - -
the dopant within material 40 is p-type). Alternatively, material 40 can be majority. n-doped and
coupled to a suitable electrical bias so that isolation device 38 appropriately. functions as a
grounded gate. .
[0053] If stack 36 is utilized as an isolation region, it can be described as an isolation region - -
having a mass 40 of material extending between a pair of adjacent source/drain regions 34.
Further, the adjacent source/drain regions can, as shown, extend the full spacer-width under -
spacers 32 associated with stack 36. Alternatively, the adjacent source/drain regions 32 can
extend a partial spacer-width beneath spacers 32 or can extend under the gate electrode {i.e.
can extend under mass 40).
[0054] Stack 36 is shown having conductive layer 28 in contact with other electrical circuitry
48. In embodiments in which stack 36 is utilized as an isolation region, the other circuitry 48
can be an electrical ground associated with construction 10, or can be slightly positive or
negative relative to ground as long as device 36 does not turn on an underlying channel.
[0055] As a result of the dopant variation within layer 40 (relative to layers 26 of gate stacks
22) the apparent or effective thickness of gate oxide 24 within stack 36 can change relative to
that of stacks 22. In other words, even though gate oxide 24 has the same physical thickness



regions do not extend underneath the spacers, or even in which at |east
sone of the spacers are elimnated. Additionally, source/drain regions
34 can extend beneath spacers 32 less than the full spacer width, can
extend the full spacer width or can extend beyond thée spacer to beneath
t he corres‘ggndl ng) stack (not shown). [0049] The various source/drain

regi ons ar MEed to either capacitor constructi orf<CT4¥s204302 @Pfglt
lines 44 to define various menory cell units of the DRAM nenory array.

[ 0050] un%'ibck§9i ald s@sbkraggthe %ﬁ@&w@éte%f?‘gé HRGNBEER tHe S badOill SR Mhdded InONS

16, and can be utilized to electrically 1solate such transistor
const rﬁé?’i%ﬁ@'a’f"fe’dﬂﬁ@ﬁ‘@ Zhother. Isolation region 5 WD 2004/019384

PCT/ ( J 386483/ Om&ulaaas;fe@fm ltr$e€‘§re§ér@ﬁhe|3t@n5ﬂhﬁﬂe| i€fan teﬁe&ﬁ/a%ﬁarz %egéucmlat e

constructl ons 14 1 conprises the insulative material 24,
conducfeldjige P?aaégnté rﬂﬁg'r‘??é‘tﬂa Zadshicen pysrAQq SPPﬂf'ﬁ’é{Y sllicen laygr 0o
Howevehas & nbmréaetrezam aanoeniaaribnrmrmttypesamht fBn @anilidord fagersf 260 NS @At @neacks

22 h 40 | ff d
Chan' t AEOHAIEPH Y MBBIsoRRs [Ryer S5l ra, B8 paTR e R oS etands o
rr?t eri ayerémefan? @mguaﬂy?dbing?uﬁti@ped twetdbpsmtgﬂol léyaram to QIfEﬂWrgcauyl ons
an | nt, as a n source . drain
Fegh ondroBs s kP ey TRE Boracedft ellpara danfie it 4 R S s e
n- _typetwlepap&nx congergration (i40tocfarm therp-type dépantamtpe insjoriy dopaet nddqyaniéo ), @he
utili Z%&érﬂﬁw&{z B b¥ %ﬁfﬁg@%tsnf\gly%awjaoﬁéé‘%ra%%p@@c% ﬁﬁtﬂm R/orkdﬁﬂgt%n%tae

| ayer aV|ng source/ drfain regrons type dopant  as
maj or i trynsr&ttzspamﬂtmct@awomau%@ gtackc¥6. 40 to have a high threshold vol tage:

relati :’[16 5725 ag cﬁﬁ;@tﬁ‘t oBRY r6§isn 46Niah bé’%v@Q@WﬂﬁmS& @Erlﬁhzgﬁd&fcﬁvef Hﬂfénbp&

pI’IITB.I’ an 1 sol atlon region at particular thres vol ta

utili zé'éPStréted‘rzi Redealy isplalion Yaigiure 38. rD&Pﬁ‘éPOQN%fF%‘ 46 camkeidep

const I Hedvy PRypd RoMQNBh 88 F6Cihstame, indfif. I(I)Ml%ﬁéﬂyocﬂbpeaﬁé@did 26 céroa&ﬂtibnan :
conprise signifjcant concentratjons, of dopant

n t e
P ahe dopsh bith 2 kast 0% Hiid: B-BR CoReT SOFR AS. 1o iADPE DR St SREIENG. ( o
5 x 103dvantéigesrs/tc pibvide ifiiirh opethgpleaay g-typet dopentdsyphrds Ga diyTj-nahé pockat

art 1l SrsSerhinoh e 8 3edt nefaRh el kel tRbP L solffon el 36 "

conpri §eﬁher,esétemtw1mu1 poaket rag}q@e%fcard@plaance (retentionadf dapast cByo berehti

S?PZQE Ijs\\%??gﬂ Bemﬁtfﬁ; 'e"ﬂl\e 5e4atﬁl@|2 185 d?fan&%%%f T(?lir]]mg{%h%lhﬂlz lffﬁﬁ%}ls of- dapant

- 990/ 6 taward -the. storage node mncﬂnn ancL y minimize junction leakage - When: used m
conjunction with an additional p-type dopant such as, for example, boron, a lower dosage of the
additional p-type dopant can be utilized relative to concentrations typically used to minimize
charge leakage between nodes across a grounded gate device 38.

[0058] Indium can be provided within pocket region 46 to a concentration of from about
1 x 10" atoms/ecm® to about 1 x 10" atoms/cm®. If pocket region 46 is additionally doped with
boron, boron can be provided to a concentration of from about 1 x 10" atoms/cm® to about
2 x 10" atoms/cm®.

[0059] Activation of implanted indium can comprise activation by thermal processing at a
temperature of about 900°C for between about 1 minute and about 6 minutes, preferably from
about 1 minute to about 2 minutes. Such activation can occur during a refiow of
borophosphosilicate glass (BPSG) or can occur in an independent step.

[0060] Doped region 46 preferably has a lateral width that is less than the width of gate
stack 36. Preferably, pocket region 46 is substantially centered beneath device 38 and
comprises a lateral width that is less than or equal to the total width of device 38, the total width
of device 38 being the furthest distance between outer edges of the pair of sidewall spacers 32
associated with gate stack 36. In a preferred configuration, the heavy p-type atom dopant in

doped region 46 is separated from each neighboring source/drain region 34 by a gap.
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the dopant within material 40 is p-type). Alternatively, material 40 can
be majority n-doped and coupled to a suitable electrical bias so that

i sol ation device 38 appropriately. functions as a grounded gate. [0053]
If stack 36 is utilized _.as an isolation region, it can be described as
an isol ati ' having a mass 40 of material extendi ng between a
pair of adﬁggéé{ﬁ@bggﬁrce/drai n regions 34. Further, tH&EYABAORe06
sourcel drain regions can, as shown, extend the full spacer-w dth under

spacer 70@93 12SR %Cr‘uﬁ‘éc?fﬂ)aWntéPn @dﬁ?ﬁ!ﬁts’ﬁﬁher@%r‘%ﬁ '?@frh &t lnfoh&paglp@%f‘ t'eg on

source/drain regions 32 can. extend a partjal spacer-w d
spacer46. 3 lespt some ehdhe inttial|y drapianted beygp é’a'é Aiffeiee gutwardly fom r%‘i’i‘ ‘é@(f’@?ﬂﬂ

under sagstiofOdr- otbé}%éilmﬁtmsd@s&ﬁgl ansd?awedﬂambaan@ﬁ@dﬁmewreﬂe -tﬁ:ﬁ% in

contact with other elec‘ clrcuitr n ﬁ‘ ilments. in WhIC

st ack 4panyreging subsipnialiy iyt ‘%Rﬂcé?t r%HP’}%fgffl?ﬁebytaH@'dW 9 cepGERTAanG o can
be an tgpeabpdnt ai orgfeaumé Arage hedesjtnotibiid)  Acvdedinghg theddlopkd pobiet eadfiorPéan
slight] re?OSI |ve or |ve relative to ground as | ong as device 36

does n %ﬂs%ﬁ”thrﬁg ﬁloyf'ﬁ CHEIRLI . [0055] As a result of the dopant
var i at i[e062ji t AlthoublayFigy. ﬂ&h(:welrmbvweddpedlmateﬂal lﬂﬁobfgagastacleﬁaOJﬂszedZﬂ) t he

appare eff C X

change of'élf%ﬁ' 'ﬁ\aép\éﬁhg 'l‘”“‘w%??fc st 'nv‘? 'OJ] ﬁ(e:‘r%m?/\aﬁ?ecfs rm%\?i' r{f%gﬁa' mgat e
oxi de PétehialAh meummeqowm altsshativé iconduetively cBJde)sEm(MM]IbﬁlB%mtenal such as
PCT/ U ack 36, the effective electrical

t hi Ckﬁég%&%&fﬁﬂ%&g@;ﬁ%&%ﬁ% éi%??{gg‘ésélzncreased in stack 36 relative to
st acks [0983} | otm5@}dlt|0n todhe ifeaturgs showre in Eigdif qonatrtp‘h@s éditcan ropetiseodopeadher e
s an a{ahﬁatrba&sdmmkg%@ ofbicRate 1o hAliinkfho' RakB 22 RAIhARS. [ bHRETadat ©

oxi de 24 and l'i con 40. Speci fica I con

| ower @F'P%’P?ﬂi% deeﬁft@?ﬂw%h%ws&enﬁafh Wér%ﬁmdew%waa@eéow%wh f agrer s
26. Sugdhvg @rty;kéaiopaﬂ@aam bé, Sbraskaliplel ddrdn. aédcu bafthdoéem Gwdnﬁé!i&églé& da idkv e

t he sa ant concentr t| op_as subse uent I y

addi ngg@wﬁ%’p FRENy DRSS B s ot Baafetp Boppean

pr oper frord abodt 5Ixalﬁl€ratc4k@s/cﬁﬁm apemtmewﬁmanycmbncent ration can be

suffici too el mt y p once, ntration (i

ST 11 ok’ O HELHAG! MGy Y REIBPANS SRR LB R bzt

can beamlitdridoctvatmase 28i lmhySIMWagaannahbDe Fwﬁhectorminctivlaenassrzs can :

functi LS : Q057

doped Copise™s sl R Bhick R Rrnb¢ oy EATBHSNP SBRAGK 109 48 Bh8 Gant®

of furthercompnseameta!layer metalcompoandlayer,andiwmetaialloy layer which is formed ,
. over and physically against the silicide layer. R :

[0065] Stack 36 can be considered to be within a DRAM array, and the array can be, for

example, a 6 F* or 8 F? array..

[0066] A method of forming the construction of Fig. 1 is described with references to Figs.
2-13. In describing Figs. 2-13, similar numbenng will be used as was utilized above in
describing Fig: 1, as appropriate.

[0067] Referring initially to Fig. 2, wafer construction 10 is shown at a preliminary
processing stage. Construction 10 comprises substrate 12, insulative layer 24, and a masking
material 102 formed over insulative layer 24. Masking material 102 can comprise, for example,
either positive or negative photoresist, and in particular embodiments can comprise M108Y ™
from JSR™ Corporation of Japan. Referring to Fig. 3, photoresist 102 is photolithographicaily
patterned into a pair of adjacent and spaced blocks 104 and 106. Block 104 has a sidewall
edge 105 and a top edge 107. it is to be understood that the term “block” is utilized herein to
generically refer to any patterned shape, including for example, rectangular shapes, square
shapes or shapes with curved edges.

[0068] in the shown embodiment, blocks 104 and 106 are formed in physical contact with

insulative material 24. it is to be understood that the invention encompasses other
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substrate 12 beneath isolation structure 38. Doped pocket region 46 can
be doped with- a heavy p-type atom such as, for instance, indium
Opti.onal Iy, doped region 46 can additionally be doped with at |east one
ot her p-type dopant such as, for exanple, boron. It scan be

advant ageQyisaho@faVi de i ndium or other heavy p-type dopaRly,aHeh as Ca

or TI, e poc regi on 46 beneath Isolation structure
i ncrease the threshold voltage of isolation,gate 36. Further, indium
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enea at | e rtela | S| VI I Ndl um
can mTASHEL & GHETAE o T Iaenes of SRAING tier 2 3 ageit B STt B ant
t her elphysicallyagaimst sphstrate 0 | eakage. - Wen used in conjunction with an
ddi t f
2ot D4 588 307 8Rs UalS, o AR Sr0s 810 o S SOOAE,
t ypi caimbpdireet ab wppemsmfm 1thaf geulabek ayteriab eie nexposkels wilin @sp 13.10

Peo orf "B Bl danitronl A elcol MU BleP S R QSPGB IR
1 x 1Cihd taﬂeﬁvsIacmondfpoﬂ@o@tlayeegﬂ ancagreds Imebodineats| havido peaterial 1162

bor on, fo@%mmaﬁg&e%e BF By %Qn&t%nawﬁpgﬁﬁm 10l olnfi AP% eapwve#amrswﬂ

atons/c 1012 at ons/°C 0059] Activation of 1 nplanted
i ndi urnottign ot eubpirats 42 a0 jeaug A 66COPY PEER e pukstrateanatgyiahuncgvereénper at ur e

of aboww&POCheffé}ﬁng?ea “gea @e@uﬂhg 311Mé11'éhﬁecﬁ8\%r%Eﬁéfhe@{)ﬁﬁt&k‘&uﬁ%locﬂé 9pgrably

from about 1 mnu ab m nut . Such activation can occur
dur i nggnd 108+ anslwiiin 98B r%%h&é’ﬁm?s?ﬁ cuels s spmpshiheororiomofdeUatve n an
I ndepefstedt 24 tHapis eﬁcp&@e]bemesdlo&woamnaa oar@fdaﬁ &l sholWaemaodidémrcaleryd dt h

tthat is le th th t. 3 Pref bly,. k
26 1 s usdhe sepaes pocian o e s el ceode J1d Eo maiebdhe e oral
Wi dt h-ghbttesisg alneasparhamrcapplmqm d:cmreshtmdsdo almatéridt Hesifnatbe\ase2 BZ)0™ he.,
t ot al 8
edges %fcgérﬁgt l?uaelrr% ?é g‘l‘tgecgﬂngg%té &H%'U%Qélg%@ﬁ &Igp%%t Q?%"‘ﬁ&{‘a&}'i ack 36.
In a pammemewdndﬁdnfal rgatengl Woigh camlee miyelprezmqyed apmmvdwamedlmmouapéd

34 b
Gan. CPRsRETARARE ik ARG OB AN, PRI BRLNG DagROIR O y o
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e i o b byt ot B FOR R 3L 0Sh Mtec] 96 538 bilfbran o PLoBhSes &
the procedures associated with AZ R200™ in a separate chamber from the procedures utilized
in exposing and developing photoresist, since water can interfere with standard photoresist
processing. Accordingly, a preferred process of the present invention comprises forming a
photoresist mass 102 and photolithographically processing such mass in a separate “bowl” or
chamber from that utilized during formation of coating 114.

[0072] After coating 114 is formed, semiconductor construction 10 is baked at a
temperature of from about 100°C to about 120°C. Such baking is thought to diffuse acid from
resist 102 into the AZ R200™, and crosslink the layer of AZ R200™ across resist blocks 104
and 106. The crosslinking can bond the coating to blocks 104 and 106 and/or form the coating
into a shell tightly adhered with blocks 104 and 106. The material designated as AZ R200™ is
but one material which can be ulilized in methodology of the present invention. Other materials
which selectively bond or adhere to photoresist blocks 104 and 106 can be used alternatively to
the material designated as AZ R200™.

[0073] Referring to Fig. 5, coating 114 is exposed to conditions which selectively remove
the coating from between blocks 104 and 108, while leaving a layer of the coating against
blacks 104 and 106. in applications in which the coating comprises AZ R200™, such removal

can be accomplished by exposing semiconductor construction 10 to an agueous solution
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dopant remains substantially w thin pocket region 46, thereby avoiding

hi gh concentrations of p- type dopant at or near the storage node
junctions. Accordingly, the doped pocket region can be referred to as a
sub-region of a doped region. [0062] Al though Fig. | shows heavily doped
material 40 of gate stack 36 utilized in conjunction wth doped channel
regi on 46,W?H@4’8W9’é‘nt|on enconpasses enbodi ment s \Ahere"q:F’US%ﬂs@F@% 40 is
substituted with al ter native conductively doped sem conductor nateri al

SUCh AR5 THAL! Shi] LGt i LNTe Qob 0B r St GEAcA o OS] 11

addi tion ures s ons ruction can co
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beneath the transistor devices can oped with a non- avy p-type

dopant 1% ¢arbegubigctad teransmpralled badrpake gt B t%?%ﬁtuffo?féf@"tﬁ%m'ﬁéﬁo Celgiabadt can

lack  aget thenahioyal 3 dRthoReosklinked %rﬂpm%ﬁ$@%n h@wrpeﬁmnher
i nplanted to a concentration -of fromabout 5 x 1012 atons/cnB to about

9 x 10%ossiipkihg perigns pfsostng 114 r ?'H%"'%BWH"Q:B’H@TSHL%?FM\O@O material 40 is
pﬂySI chlsdw agfhdSdatihg) $44 @tqa‘fﬁugrm%ﬁwdt?aﬁphotm gmaflbuﬁ bé/&nﬁﬁé@dwdéf&e a

sica alns ria ur uctive can
Eo?/rpr i %eé g,c\qra?)g ndlaterplly | Qutway; snE%WBQ %{qu y°foﬂ‘a( BH?’Q"eéﬁ? bjpck.
agai nsSbede;ﬂ@[ ﬂwé(bpatftigdl 1@aﬂer| ghotdrdutst lbtbOmIM Sefings Iﬁ@‘r?ledbayw whcmebﬁbrads
conpo o, ta aye or a
ph;/n; | gln :i}la{éa{ﬂaﬁcggewoﬁg lag?r?l e@?%ébf‘)é&%?& {oéog'gf‘ggﬁ i%'l?ef’,g %pa?'nao ﬁédﬁ"éﬁhder ed
t o be siterkisreleva@Ral} abavayhe wpdgdd0apf ByckcHd. Rimildriyr theeoaling £14 aowhdF2 or
8 F2 A f '
deser PRE10aPARS, AiSBh BRE Plo Sy ol RbrbLabaN oy tle (e ode ©
si m | at0Shefndleaki 10§, and furtber cpmptisessa W@sedmﬁi1172'é1bfalb@lﬁdailwal|ﬂelsweltm b Fig.

1, as rﬂqroygg&dsoow] Referring initially to Fig. 2, wafer
construction 10 1s shown at a prelimnary processing sta e.

Const r U47Shn Rboterseist plgels 184 10dr e ecoating it Fuaewnging| ﬂiﬁérp@we%ﬁcb@k
Maski NepgethBil 8éfindla ma(.ﬁgnbﬁadmmrs bﬂé#gleétdn&ﬂatla@{ﬁwd%ﬂ thalWbwrkd BBoth%E:@tr bal
102 a0 TRl 551 ohsad o 20 o) e i S Gl S5
Cor por igether adfind ap maskife bietk 12g whizhHs @nla&edp&rﬂt leteestly siidel-QBan Shotoresnst
bl ocks Pk e acf 14 Sl R0 oBb for as"efgagg?d%&ﬂamvsasnéﬁgﬁ%g-e
107. | pap betweer dhamm diems did ghotormsist tbweks éﬁ4nahbl1@6ksln|@hmw¢rds&:dathlgr‘é‘n4n to
narrows.gap 110 to reduce a dimension of such gap.

[0076] Referring to Fig. 6, a dopant 122 is implanted relative to construction 10. Masking
blocks 118 and 120 prevent the dopant from being implanted into the blocked regions of
construction 10. The unblocked region corresponds to a region within a surface area where
stack 36 (Fig. 1) is ultimately to be formed. Implanting dopant 122 forms a doped pocket region
46 as shown in Fig. 7. Doped pocket region 46 has a width corresponding to the narrowed
width of gap 110.

[0077] Referring again to Fig. 6, dopant 122 can comprise a single heavy p-type dopant
such as indium or can comprise both a heavy p-type dopant and an additional p-type dopant
such as, for example, boron. Although Figs. 6 and 7 depict formation of doped pocket region
46 as utilizing a single doping step, it is to be understood that the present invention
encompasses alternative embodiments (not shown), wherein two or more implanting steps are
utilized to implant dopant into region 46. For example, a non-heavy p-type dopant such as
boron for example can be implanted into exposed region 112 (Fig. 3) prior to forming coating
layer 114 over photoresist blocks 104 and 106. Alternatively, a second dopant can be
implanted after formation of enlarged blocks 118 and 120 but in an independent step either

prior o or subsequent to doping with the heavy p-type dopant.
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gemertTatty Terer T0 any patterned shape, including for exanple,

rect angul ar shapes, square shapes or shapes with curved edges. (0068]
In the shown enbodi nent, bl ocks 104 and 106 are formed in physical
contact with insulative material 24. It is to be 'understood that the

I nvention enconpasses other 8 WO 2004/019384 PCTI US2003/ 026906

enbodi nenWe 20HAE938hown) wherein masking nmaterial 102 YSVYBPHOIN rect 1y

on a sem conductlve materi al of substrate 12 in the absence of
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an an t hi a tin vers_ at |east so of the
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| a A t]
pho!t o] évsepé Vﬁasn%#eﬁ']\}eﬁ)a?%%% f:r%r9 nlé%%#%’gbt" “%ﬁ@a Q@%ﬁ?{%@% %{' ?sgfi al
desi griagetisbr #isan/ButE0aEhieved yyprotadithographit ptosessing aimel In lotrer wom;t foa 114
i h 1 ds t
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a materi can sel ective renove rom over rtion
112  ¢rodepging. dhen/be fermatiomael cpating \hi4 kasr efiesiivelvigduser dhe frafuse sige of gap

phot o {ﬁé'té tbefbtvt b %J{l?z}péch%ﬂﬁblé@%ture 5287 Ih daﬂnc&ﬂﬁlerﬂgm&n@{thé h&mcedAZ

i nvention, coatin on eria esi gna as

RR00 TR T 1 SRR RS 440K LT ZDIP b TP T AR BB and
I's sulksgapers tbefwee&thkdnou arid106$nmbﬂda folaitioAdf dSafityi M4l s a wat er - based
mterM bg eref abI[ea onads 1 t he ﬁ’%‘d Ues as oci at d
with oremes e pefi Byn iR e toia ot Bieska 2ot o0 chrea:
exposiimgiladine metarial 24 i(ng spdsm)psmnaswatnse fayer vart be farmed iafieethkaemoval toh -

st and%ﬁeﬁa{f?iﬂa@%’ﬁﬁ &)rrtgggaggglgbg' pf\(‘:é‘sgﬁgl ngly, a preferred process. of
the presént invent Tl

[0082] In embodiments of the mventlon havmg doped channel regions (hot shown) -
underlying gate stacks 22 (Fig. 1) wherein the channel regions are doped only with non-heavy
p-type dopants, such channel regions can be formed by implanting dopant into the appropriate
areas of the substrate after removal of materials 102 and 114. Alternatively, stich channels can
be formed prior to formation of fayer 102. Formation of such channel regions can comprise.
implanting boron to a concentration of from about 5x 10" atoms/cm® to about 9x 10
atoms/em®.

[0083] Referring to Fig. 9, mass 124 is formed over insulative layer 24. Mass 124 can be
undoped as initially deposited, or alternatively can be in situ doped. In the shown application,
mass 124 is undoped, and accordingly has not acquired the properties of either mass 26 (Fig.

1), or mass 40 (Fig. 1).

[0084] A patterned masking material 126 is formed over mass 124, and such blocks
portions of mass 124. Masking material 126 can comprise, for example, photoresist and can be
formed into the shown pattern by, for example, photolithographic processing. Masking materiat
126 covers a portion of construction 10 where stack 36 is ultimately to be formed while ieaving
other portions of construction 10 uncovered.

[0085] Referring to Fig. 10, a dopant 127 is implanted into construction 10, and specifically

is implanted into portions of material 124 (Fig. 9) which are not covered by mask 126. Such
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phot oresi st mass 102 and photolithographically processing such mass in a
separate "bow' or chanber fromthat utilized during formation of
coating 114. [0072] After coating 114 is formed, sem conductor
construction 10 is baked at a tenperature of from about 100C to about
120C. Such baking is thought to diffuse acid from resist 102 into the
AZ R200me%?|°(94336’§‘sl ink the |ayer of AZ R200TM acr ossPGIEE28B/0p% ks 104
and 106. The crosslinking can bond the coating to bl ocks 104 and 106
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sel ect joo8k rf@émmﬁg tb 1. G2 riabkind h&faraeawm&w@&%&%nm Qpénotm' l'e
| eaving a layer of the coating against blocks 104 and

appl i o%#?@ﬁ@ maﬁkm meterial28c JaiiRg matrsh ?%Be%anm"mz%ﬁr@xagle@hm@few

can besrRcemhe ished ik @ rmswngaa&@rm rf&ueiam I&Wdh%bia@ﬂlcl&oéégsﬁ@

aqueo QI ution % WD 2004/ 019384 kJ 00%8 q_goa rising

surfa “9 ragietial JgP $PYESH SWHR PAtiPR evhlje ?ﬁY"’@ Q%'F'?%R’Eﬁfe

porti cstadkf36 @mﬁmat@gta&éforrﬁecsmhcbwésa aqueous surfactant solution is the
teri ket LSO t,lnt t td. |

app i cHOeEh % ohR g0 1 ot et EnRpioD e S SERFAA P PEteg oo

subj ectosiibnt @f ana:enat alzu dBigh@r dhichlage abt eovestpby atask €126f - Suchneanbertst th&30C

oicaP Sbtendt 1P Sneibaf o, SRR, 181 ca6oriiila S ORI EhAIBLE hE roiEE 5"

bake ca rther Cros I ONS
r emai rﬂqwgnfa‘rl’d’u nEhrtﬂeo(ﬂOQarIMQam beOiglahEae]a Q’mectcailpn rggealqrétharerlranﬁ?"ng
aroundat&ng f oresi st block can be considered to define a second bl ock

whi ch ‘extends laterally outward beyond edges of the photoresist bl ock.

Speci f [Q088] y, Int pasticuisaappligations By 12 drigr Bsfan b |eliwinategy agéfdopary 124t er al
edge Lﬂngnamwo 8% eRIES of h@feaanadzhxr:@ug)wﬁs&@wydn{aam %@éan%&%nﬂéaﬁa f

bl ock al so defines a %&' 9%@ ds el evationally
above 9d9pant; 129 '@a!getema&?nqsﬂwwn e Fhflaér"f 9°Pat"hé27co?i'?€i fiepamy 129580 und
bl ock the eféviivaly sestwhelmathe dapare dgr withitl exposld (anbleskes) fealoarotlcbystrattionar d

cdye LTI mE LR8NP Ty above the top edge LLL of bl ock 106.
. {0089} Referring to Fig. 12, masking material 128 (Fig. 11) is removed. Layers-28 and 30
are formed across construction 10. As discussed above, layer 28 can comprise silicide, metal,
metal compounds and/or metal alloys; and layer 30 can comprise an insulative material such
as, for example, silicon dioxide and/or silicon nitride.

[0090] Referring to Fig. 13, stacks 22 and 36 are patterned from the layers 24, 26, 28, 30
and 40 of Fig. 12. Such patterning can be accomplished by, for example, forming a patterned
photoresist mask (not shown) over the layers, and subsequently transfetring a pattern from the
mask through the layers utilizing suitable etching conditions.

[0091] The stacks 22 and 36 can be incorporated into the constructions of Fig. 1 by forming
source/drain regions 34 (shown in Fig. 1) within substrate 12, and forming sidewall spacers 32
(shown in Fig. 1). Source/drain regions 34 preferably can be formed to extend beneath
sidewall spacers 32 of the of the corresponding transistor device 14 and 16 or isolation device
38, without extending beneath the corresponding stack 22 or 36.

f6092] Ancther application of the invention is described with reference to Figs. 14-20.
Similar numbering will be utilized in describing Figs. 14-20 as was used above in describing
Figs. 1-13 where appropriate.

[0093] Construction 10 shown in Fig. 14 can comprise all of the features shown in Fig. 1,

and can additionally comprise one or both of channel pocket implants 45 and 47 within channel
' 12



[ 0075] Photoresist block 104 and the coating 114 surroundi ng such

phot oresi st bl ock together define a masking block which is enlarged and
| aterally wider than was photoresist block 104. Al so, photoresist block
106 and the coating 114 surrounding such photoresist. block together
define a | T ock 120 which is enlarged and laterally w der than
photore5|g?aggpguggﬁ06 Maski ng bl ocks 118 and 120 (al™&d "%EWBWF@% to as
enl arged bl ocks) have a narrower- gap between them than did photoresist

bl ocksedhli Mrlﬂn%traHthd?bQ@ stadﬁ@ QQS Cﬁgﬁ’ﬂél P&k&%gwﬁ@% 9?“@4?@5}1 éojn%nfsé’

reduce a di nensi on of such % errin a dopant 122
i s i npypelAttsPfhepk Powet ?i°’@6r%'?'? @ tfoéﬁxi'ﬁplewgk’f"ng'n B?rﬂ% ern@dmﬁaltmo

prevenjop é&@oa@mgrorfsrmmwgmu R &Bkr8shohd@ih@ stiféunding CdrRAnd] @Bk Bsn BE

construction 10 unbl Qgéed regl on corresponds to a reégl on W|th| n a

sur f acediiprally \foppe W"Qt%\éRC RrPPg. doppnt sugy) s rf%’t%’f%/mpﬂ% BREOT o ftyERY be

| npl afHdVé?ﬂaQHbD@ﬁb m frﬂma pacmr)mglamcwmm raegmn doped achahied Wagibi oFI g.
7. Doqed, GRE‘?S a_ W g fﬂjrres&fq /ngthto thel narrogie

wi dt b TnsRan Avess 18 sEFoRsaIR GRSl b BTEeS B ihg GhaE! Haisne i

conpr iex@meles lnnghtmdinmtsyofphé pieeertd dpantion Wwherkin &aanned bwkeorregmasl 48 @ﬁqb g7 se

R R R e VR R S s L
r egi oratord€icra’ thet bdrcnrzdosg uahzed irglhe ciapiehpgiohepn be fromsabbut e 10ihdemstmdd
t hat ttQ% mﬁ&;&%? 12 ét@?ﬁ?/%* Férbtuvg %Cﬁggﬁfbﬁg%scﬁe&%ﬂ% ¥§%U?F§qg'*'%%}ﬂs7cn@?8t

ps are
dopantabpntt bxﬁ@’éuammst@n th@tr ar@néliﬁﬁdem chanwsh regiensyin fhe phrendephitihe @vau-tei as

bor on Jogg; g;ggp&@gﬁﬁbggsédfrp,l\,@,moﬁd into exposed region 112 (Fig. 3)

pri or to ormng coating layer 114 over_photoresist blocks 104 and 106.

Al t er niR094k| yA "Ifﬂ?ééefrfﬁ%t&ﬁtm'&sé'ﬁc"ﬁ%‘ ofiFigo 14 it degeriped avithreferpres origs

enl ar g@ctdol mfdé?er%lié&eaﬂ&hac&?ﬁm%ad ih rﬂoramg tA8l %&%ﬂd&% shbwp Tgm%e %8'5 g/é 8%9 3t8 2
or supbseguen (0] opl W .
RCT! LBt bedsaans It Eare 1 Jariatias ot dad fel PC cORBARER. BombRed welh e

proc esrslmgaaltevndtneérp&rcessurgesteds f Referring dnitially 9&@@ f161 walepbnstructionutdds t 0

about tes r.efer abI about, 2 I nut es.
Aot el 2 pt HheriFe PiBRtelnd 48 Altgkheh MellL hiudatitety B RS
| ndepevaddetpatterapd utiizDg %gl]abl%ecﬁr@tqhtmgrapmc Irarogesﬁs tonietre spaced blboks 20312041 4
(Fig. 2%}5 Hd2de® n8¥§sd21f0r %rﬂvﬁé&wééhbﬁétfeme‘a bk;&s 203 and 204, between ‘patterned:

blacks 204 and 208, and between patterned blocks 206 and 208. In the shown embodiment,
an upper surface 212 of insulative layer 24 is exposed within gaps 210. Alternatively, patterned

blocks 203, 204, 206 and 208 can be formed in the absence of layer 24 {not shown) and upper
surface 212 can comprise a semiconductive matenal of substrate 12.

[0095) Referring to Fig. 16, coating 114 is formed over patterned photoresist blocks 203,
204, 206 and 208, and within gaps 210. As discussed above, coating 114 can be selectively
removed from between the patterned photoresist blocks thereby forming the narrowed gaps
210 as shown in Fig. 17. In particular embodiments, narrowed gaps 210 can comprise a width
that is less than or equal to about half the widfh of the gaps prior to formation of coating 114. As
additionally shown in Fig. 17, selective removal of coating 114 can form enlarged blocks 218,
219, 220 and 221.

[0096] Referring to Fig. 18, a dopant 122 is implanted into construction 10, and specifically
is implanted into portions of substrate 12 which are not covered by mask blocks 218, 219, 220
and 221.

[00971 Referring to Fig. 19, dopant 122 (Fig. 18) is implanted to form channel pocket
regions 45 and 47, and pocket region 46. Such pocket regions have a width corresponding to
the width of narrowed gap 210. As discussed above, dopant 122 can comprise indium and in

particular embodiments can additionally comprise an additional p-type dopant such as, for
13



[ 0080] The present invention can advantageously form doped pocket
regions that are narrower than can be acconplished utilizing

phot ol i t hographi ¢ processing alone. Specifically, if photoresist blocks
104 and 106 (Fig. 3) are considered to be as close to one another as is
possi bl e b articular photolithographic patterning rocess t hen
processindxgﬁmﬁﬂg"ﬁesent I nvention has effectively H’W@Vﬁ%asklng
bl ocks 118 and 120 (Fig. 5) which are closer together than coul d be

achi ey, f%ﬁor fARBL! RIGRGESS] 48nBla? 2 bl inAlied witPhdSm b e

110 was 1 hiti mnl mum feature size a
phot ol ahsﬁw @fpaﬁdélonal dopants 95 icary simuitanreousle be dnplgeted withfbatio mdlungaqdlztom as

ef f ecté)\%ﬁJp)é 5@%0%.05@%0&@@%@5& £ a&re%ona@rfb a ¥diort 6f ths |sQBYstrtaFéewI5P;r9W L

achi eva feature size. In particul ar enmbodi ments, the reduce

of gapevenyalhe ufgasie isortien ‘1%87%% (Figo 16)an 'B@eldeSt&a'\“H'aHO‘éi‘tet degien 4boisabout

hal f tmsw:wﬁﬁnp ceﬁtfanga&aiebow.hm wepanY edich th%wmrweﬂtﬁﬁlymé 8¢sokitteli Nth
formati on of coatin e&" 45{00%1“&6 n enbodi ne wherein | ayer 102 was

f or medraGistor SPRYISEY %1 Benehange! p‘?“r‘f?h FERIPR, &7 nBRTESPAIS2IP @not
shown) substagtially BentbratlisuB-régiorakitrirea cinb e giosl that viltreveMeBallyamay@é trafsistor

mat er i 114 prior to subsequent processing. [0082] In
enbodlﬁaﬁFigéF ﬂ% i nventi on having doped channel regions (not shown)

under | 00931 galm mitetthat Bitor Eriudyor other Wbgants dsantdeamtaatwed\to rae@'earmeaw medOpéd

h d
by | mptaRer g0 aep R iR oaRsh 3y, i b S0 TRE Sorst PONER i oot or
r enpv akolationndeivice i38] i® a]:Oﬁdemddmmplwg step treat |svedleppnm fromhimplaetirg dnpam be
for n‘ed1ﬁr ! §ucht|RdJIp8F15@'& (%t'n Jc@dr%ﬁflo}%zfo{#ﬂlB%Tf Lt %ocl?suf& 5 fflf AV andbou t

reglons can centration’o
5 x 10208 (igo Ms)/qs 8N Pecus B tforgrakorlwae pafteqnes/resis blqcho B@primetodernmatien ofo

Fi 9. OeidfBag bbgik 315, D982 Sieesa PRy w&rdaw&y R4 ind¥BSichPogidNcdRe

undoped as initially deposited, or alternatively can be in situ doped.
In theO@Hb@ﬂ?f@fﬁ'ﬁPﬁ%‘a&fﬁﬁ rgedr'ﬁ?§§'"9_9'2°'13521§n%‘8p%%9 a"&’rﬁﬂd’té‘b&”&ﬂ?ﬁ@‘ﬂ?"tﬁ?@ not
acqui r@%rw&é@b&@.ﬁéﬁﬂt@ﬁmmn igiplaher2omass 26 (Fig. 1), -mass 40 (Fig.

DAL Rt ol T A T
f or exiptipmedifipdion Goss thet pesket esionbiato trer swtbuhdih® stubstrawwmmmzber ninby,
Lo o BB reh i, bR 200G A58 ey P RS 2y b3 TR0ct
whi | e bukeregiogs of larger channel regions formed by boron diffusion. In pfeferredembodrments the
. doped pockets 45, 46, and 47 remain narrower than width of the overlying. stack. In particular -
embodiments, the width of the pockets will remain about the width of narrowed gap.

[0100] Referring to Fig. 20, masking blocks 218, 219, 220 and 221 are removed from over
substrate 112. Semiconductor construction 10, as shown in Fig. 20, can then be processed as
discussed above (Figs. 10-13 and corresponding text) to form the constructions shown in Fig.

14. It can be advantageous to provide indium within channel pocket regions associated with
transistor devices to allow a lower concentration of boron or other thype dopant to be utilized in
the channel region, thereby decreasing the amount of dopant that can diffuse toward the
storage node junction. High concentrations of p-type dopants at or surrounding a storage node
junction can increase charge leakage. Accordingly, decreasing an amount of high diffusivity
dopant such as, for example, baron, utilized in the channel region can assist in decreasing
leakage.

[01061] Fig. 21 shows an alternative semiconductor construction 10 that can be formed
utilizing methods of the present invention. The construction shown in Fig. 21 can be identical to
the construction shown in Fig. 14 with an exception being the absence of the pocket implant
region underlying isolation device 38. Although Fig 21 depicts a complete absence of pocket

implant beneath the isolation device, the invention encompasses constructions having a pocket
14



ot her "porfions of construction 10 uncovered. [0086] Referring to Fig.

10, a dopant 127 is inplanted into construction 10, and specifically is
i npl anted into portions of material 124 (Fig. 9) which are not covered
by mask 126. Such 11 WO 2004/019384 PCT/ US2003/ 026906 converts the

mat eri al &g(gl%ow‘(lg?sterlal 26. Dopant 127 can conpri se, %%/315%%@%%&

n-type do 2h as phosphorous or arsenic). Dopaﬁ
provided to a concentration of at least | x 1020 atons/cnB, and

typi caigh n%y dlo‘be@mh"uﬂiﬂ% liQ %s§ﬂ'iaﬁ%Béﬁt@&ﬂ@“a@ﬁwsfcﬁﬁ%&@ﬁé%n 11 céf%?rgcnons
atons/ C t o about x 1021 aé&r‘r&m @ﬂj"g Referri ng to Flg
maski rﬂj“??a?ré?‘?“éfnvﬁ%’”ﬁ?"‘f‘%ﬁd@ d iy, PRSKEh " 2hBRssase ofdgre rpﬁé'tf"
mﬁstﬂ rtﬁan@mltn ®&blatibn dedfte m?*bnmctianaemetadﬁn kaﬁtpﬂﬁﬂa ;Emﬁfy;tgpe B‘]g)dedemﬁm e,
poor Si s n or e.s or. ex

hot ol 'F‘T’H:? e i S°‘?93§'BP?F %fdﬁPfya% Qg" g?'és"é'ﬁtf?ﬁ1 %tlon
gf Corsg. rma:tar%bz ﬂoh%:d\mmlzmgl e \metigpda qmg;umednmﬂmermncettadifgs?as;z@ abgove _
const g B kel epo eGPl e i 6 Wibiod Sy JRE G/ B° MO
mat er i @lch bRdmétei @ﬁe@)ngwtmodxpaaeeregnbs ofothe rsebistiae caredspdritithg t8Lthé ecantatr t S
th oy . al t A
condudbrPt B vt Blbek 1 'sho IR, cobihg SlerSRER & BlheRROBHUGpo
i npl artbedrea@aawtﬂ@ﬂergmltyamﬂ@ﬁﬁ golefalne‘-ievrpdna& | x 1020 atons/cnB. [0088] In
parti Cﬁﬁm b1 ARk B3usRaes TRslhicAfuddr obhstiliion 3D A8 @és@ag@ Gibtndidogepant

127 into an entirety of materia sequently,

nmask 198he preserd inepied  SAestrugighatl asshownpn gi 83 gan be fasmed rhyyraptiprsh
hi gher rééaaéiné Reths G ad@Bato %Ze dzg@‘bd@mntreﬁe?&csas forntvtrief é&ﬁﬁuat.ehy

overv\,hel m t he dopant 127 w_thin exgose ocked) .regl on of

const r¥eN HhF ’9 ﬂj‘ 5 TOPRINBBet?: Fhleastisgme ﬁﬁ'eeﬁ?HrCQ ain reFl?DBQi PRSER i ng

to F:c gionitg.lctnﬁfﬁshld&g doMiprie axtehdiOn (dichs ﬂcil,)sz whgemgwe&ten:damer&zsgaata@d 30
are or ne GCross constructi.on 10 sse Ve avyer o C
38, e Exensk 2

conpr | SOUce{dFqin. fegion fagher, benegth an jassqs, 8\%‘7 ENFnoFaons,
| ayer & Encarcedrd the assodiatedibatceldraimatgion a4 sacicthat &, sduade maﬁpblen

ot kDo e L A, O o bich G sPickf 2 g ARBL. B8 Sleblibg b Bhéha e
Fi g. IsburcSldrdin regiondo lﬂsﬁ{;j"a@éhﬁ foik spaseowigth @hi\selthblpe Cdr@rsp@wmmem,cefomcam ng a
pat t er §&dd the source/drain region partially beneath gate stack 22. :

~[0103]  In particular embodiments, source/drain regions 34 can be majority doped with n-

type dopant, and extension regions 50 and 52 can be majority doped with a p-type dopant. 'In

preferred embodiments, extensions 50 and 52 can comprise a heavy p-type dopant such as, for
example, indium. An appropriate indium concentration within the extensions can be from about
1 x 10" atoms/cm?to about 3 x 10" atoms/cm?,

[0104] As shown in Fig. 22, semiconductor construction 10 comprising source/drain
extensions 50, 52 can be formed to have such extensions beneath only one of the pair of
sidewalls 32 associated with a given stack 22. In other words, extension implants 50, 52 can
be provided on a single side of a corresponding transistor device 14, 16. Preferably, as shown
in Fig. 22, extensions 50 and 52 are provided only on bit contact sides of gates 14 and 26 and
are absent from the source/drain region on the opposing storage node sides of the gates. I
can be advantageous to utilize indium implant extensions of source/drain regions associated
with bit contact sides of transistor devices 14 and 16 to allow a reduction in the amount of
indium utilized in channel pocket implants 45 and 47. In the presence of extensions 50 and 52,
pocket channel regions 45 and 47 can comprise an indium concentration of from about 2 x 10"
atoms/cm? to about 5x 10'? atoms/cm® and can additionally comprise boron at the

concentrations set farth above with respect to the semiconductor construction shown in Fig. 14.
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phot oresi st mask (not shown) over the |ayers, and subsequently
transferring a pattern fromthe mask through the |ayers utilizing
suitabl e etching conditions. [0091] The stacks 22 and 36 can be ‘
i ncorporated into the constructions of Fig. | by formng sour ce/ drai n
regions 34 _(shown in Fig. 1) within substrate 12, and form ng si dewall
spacers 32WOXHOW n Fig. 1). Source/drain regions 34F F@@@gﬂ%¥§“can be
formed to extend beneath sidewall spacers 32 of the of the

corres f@g&png Al h@Rc §ftf9ﬁnlﬁ1;f gcc%nétﬂ.lcﬁ&pof]@g ¥ ik ﬁciﬁbé@g}tﬁ?ééérﬁfcg té%lgs

wi t hou endi ng beneat corresponding sta
Anot he32fp |Fie£emngdﬂ Figr 28nsich H%H@t%ﬂmhgr U@%F‘PQQHGWPBWUPW@%@ het

Fi gs.  IHowPin Figl 18 pridi t@mu.a%%rlyl caIBSCIMF bbﬁs%r@&'ndnrerﬁ@PfdeQ' O mikigsg

14-20 as was _usSed above in describ g g where appropri ate.
[ 0093] Matiet Hdds foaredioves ﬁmﬁfu?twnﬁﬂgm szaét Weeéﬁ@wpé%%m?nscﬁf tfter?é'bﬁt@é& ur es

shown o whiaOwill be futa@hitCine caAdtt 4igusadfitnansioMddvices AARNAMED MidskRg nediaiane!
pocket jnplants 45 and 47 wthi nofﬂhannel 12 WO 2004/ 019384

PCT/ US36h37an2 6988, dgf amBled ARt Attt bF gatemed Jlilidng suitaieynnel
pocket ph&gktRdiFaphi phdvdsdes. can corrprl se |rrpl ants of heavy p-type atons

h di rt nb d ket
Fegi ond108t & pRniye, Ranbighed S8R SO uTie B ST HEh REFREAIBE5 be
addi t i 60aint\62cbped inFigh24 @epamid?ﬁc’aly}he irdpipated usiug langled ifplantcacniaues
b ) o) [ I t hi
= bor ol PlsaE e o RYARL AR B, Ml €55 bAG, WMpRACKG s B aALES affer "' "
concenffrost iynimldfalobmplmta,lthpWemdml thatt hwlatlt$a_5mghd @ gloonot fBom a ringastabed | n
enbodi RRALSe | c% AEpah ?ssiﬁmanle@ bPBnd'Bi8E B ﬂe%?r@%ﬁn?ﬂggﬁ%t tHeS c%'p%]ﬁ%_ 012

and 47 are anted to an I ndi'um concentration bout
at ons/ kg of @%mbemg ialomﬁsby wesking wagrialt{d. Rapent Heseangomprised p-pe he

Channeldosﬁﬂbmﬁp@ﬁ&b%owpaga@méaw?atypel&?aé’nt%h&m iAdBm. t.0 about 2 % 1012

atons/cnB relative to typical boron dosed from about 5 x 101
at oms/ cifdPB - dhB emicordugtor sconsuRtiog Bowm 47 Fé& 4.8 ibeelyrther E’H‘éﬁ?ﬁ%‘i to -

regi 0n$em6uetdnatoaab§ﬁﬂ§@nﬂf1gnfbﬁd cc?amme commlft@irﬁshéﬁnﬁﬂﬂg@ of the present
i nventi t ho or struction S
doscri o0 ¢ h1g ¢ OpEFRE S serpiequdicls Bhsipidiof ] s irasSou B aiihs agpect °
utili z&dtherpré@nnhvgmbﬂnendwnlsm dedcribed wdirg/similar ricinpefidg aswabasadsabove in .
descri v e i
conbi nz:gg(1 q% E’hé@hgeﬁpr%ﬁ%ow -lf’]h% gﬁs{er?éﬁlgﬁﬁvoggrﬁar‘@ge{sﬁ %5 (%é) Q%Iaﬂqé etfr?é:l ng
initi alc{lestheﬂqnl Rpstratgd mﬂgerzecwﬂsawmpb@n being she presence of a. shallow trench
isolation region 54 in place of the isolation device 38 (Fig. 14). Rl
[0109] As will be understood by those skilled in the art, construction 10 as shown in Fig. 25

can be formed utilizing conventional shallow trench isolation region formation combined .with

various methods of the present invention described above. Shallow trench region 54 can be
formed at an initial processing step prior to formation of patternable material 102 (Fig. 2).
Material 102 can then be patterned by methods discussed above to expose the regions of
substrate while leaving other regions covered. Coating material 144 can be formed and
processed to expose regions that will eventually underlie central portions of stacks 22 while
other regions, including the shallow trench isolation region, remain masked. Channel pockets
45 and 47 can then be formed as described above, followed by formation of the additional
features shown in Fig. 25.

[0110] Although Figs. 22 and 25 show implant extensions 50 and 52 being utilized in
conjunction with channel pocket regions 45 and 47, it is to be understood that the invention
encompasses embodiments wherein extensions 50 and 52 are utilized in semiconductor

constructions in an absence of the described pocket regions 45 and 47.
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shown at an alternative processing stage subsequent to Fig. 2. Msking,
material 102 (Fig. 2) can be patterned utilizing suitable

phot ol i t hographi ¢ processes to form spaced bl ocks-203, 204, 206 and
208. Gaps 210 extend between patterned bl ocks 203 and 204, between
patterned |, 4 and 206, and between patterned b d 208:
In the shovv‘\;rg gnﬁﬁcf%ﬂent an upper surface 212 of |nsu|"8f’|5\§/2e°@’?"g§?§€ 24 is
exposed within gaps 210. Al ternatively, patterned blocks 203, 204, 206
and 20§opAp b ddarieRe ihe dbbe elssatuicenbodinmngy, tr%4n\(dﬂm&n RBIOYE) danidcaHeper
surface 212 c?n conﬁ)qz se & tLtr%cond ctive lmater g substrasg éz.
 0095] BREFSFS 1ot dSTIN-0gfe PESFRISTY nfik AARPE; DribEt < Jaingos catsugion
phot or gtfiizing aldbmak&na@ﬁgcesﬁ@descﬁﬁéd mtdre%cemﬂingsmm gaps 210. As

di scus bo ectively bet
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as shomuateria 202 gverlifsuldtive peateriac2d. amlte(mtlmly nigtechic |ayer 202vedh I@qﬂﬁpoﬁf&ﬂ oman
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Che gapefad 'an pifhet Brafifuddiaing i lah nal) oL B od OBpHafl" ©
Fig. Llihe @maawe\peoqeesmswrce:draw&glpmMgm keapresent rpnerrtbajegwmbldmjﬂoswcz 18,
219, 2 f 122 | ant ed
“nto oBhe e of Sow T b ¥ oGk by Mg Pudind or b e R or i oo of
subst ra{9131312 Rislesticamaterigh 203 \Gane e b‘gﬂ“ﬁﬁ@ﬂ lw serwentiargl  ethodspgch Asd
221. ﬁﬁo‘i&lhoe%ﬁ rth e Satfeiidd bldtks d@yaﬁe 2082 3nd ﬁb&ks r;la%g's%aewms' mté?ﬁ to

f or m channel regi ons_45 and 47, and pocket 8I on . ch
pocket 29‘%5‘?'@91%‘3% HV\?\‘AQ?Ph W‘P“é@ﬁé‘ﬁﬂ‘iﬁﬁ%z@%ca’t h%f%"'ﬂ Rlogg SWSW?‘!?V@& gap
210. Agndlbes Usastbvable Vépacst 28t cah2Be wmeaqmpé*asmé niglj u?o@mdg iaNlayer of
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particul a

flopant St AEenad Srqiep BBl AT See sy o sauots 2Bl el
bogI on. edb;mcﬂr?élanglgrn thetciretsepargtedrisy d barrdltedagap refaticarto the dlstmaertt@.ebem t h
ol anpRa 2R BB RO6  AvcorRhl2 PelssEeRARRT < ppbRfta Sl B IR o1
46 cor flesplomis daped pedit crgiant 212ws shobsitin &tge ZV\thWeWPMket @@@ntalalhlay a -
underl | Héb‘?rlegrﬁn%g‘i@éﬁb%ﬁtﬁﬁf%éﬂlacfil-é'l)ed &Oib%%nﬁ*ﬁ'i‘“e' pocket regi.on 45

is substanti entra ocate |nacannel relonthat WI||
event uammlbeRa@gm tatldg . tsRacers 2A8 jake mMayed apd allﬁYQfF?ngO'Yﬂk“)O" 214 is

Si m | agbptormaliPabppbitedaRFELErRELON 163n&&6ﬁ§§9&ﬁ5ﬂ§ zb@aﬁd 26808 %;é}e‘éle@rédé
centered sub-region within a channel lon_that will even

under | Matarialg18; such@s WNMW or other composmons ompnsmg a metal and/or metal | ndYa, can
be deposited over polysilicon layer as shown in Fig. 28. X

[0115] Referring to Fig. 29, a planarization step utilizing for example chemical mechanical
polishing is performed to form the planarized gate structure having a metal gate electrode 220
as shown. The gate structure can have a gate structure width corresponding to the distance
between the sidewalls 204 and 206. Accordingly, doped pocket region 212 can have a width
that is less than the width of the gate structure and in particular embodiments, pocket region
112 can comprise a width less than or equal to about half the width of the gate structure.

[0116] A channel region which underlies the damascene gate structure and surrounding
pocket (shown in Fig. 29) region can additionally comprise boron as discussed above relative to
gate stack structures 22 and 36. Source-drain extensions (not shown) can be utilized in
conjunction with the gate and can be formed as described above.

[0117] The invention has been described in language more or less specific as to structural
and methodical features. It is to be understood, however, that the invention is not limited to the
specific features shown and described, since the means herein disclosed comprise preferred
forms of putting the invention into effect. The invention is, therefore, claimed in any of its forms
or modifications within the proper scope of the appended claims.
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device 16 (Fig. 14). [0098] It is noted that boron and/or other dopants
can be inplanted into at | east one of the channel regions that wll
underlie devices 14 and 16, or the correspondi ng regi on beneath

i sol ation device 38, in an independent doping step that is independent
frominplanting dopard 122. Such independent step can occur prior to
formation of resist blocks 203, 204, 206 and 206 (Fig. 15) or can occur
after formation of the patterned resist blocks but prior to formation of
enl arged bl ocks 218, 219, 220 and 221 (Fig. 17). Alternatively, the

i ndependenClaimsing can occur after formation of enlarged masking bl ocks
218, 219, 220 and 221 in an independent step prior to or subsequent to
i ndium i nplant 122. [0099] Activation of indiumcan conprise heat

processi ng as dﬁscr i Egs%gﬂ?gﬁ/&cﬁrc%%g{rg@l&rﬁéqoer{]&igg'si diffusion fromthe

pocket region into t roundi ng Su nnimzed.. In

enbodi nents havi ng bor.o ditionally inplanted, indiumdoped pockets 45
and 47 can be sub-r%&?@n%gecgrtrlaa?'ﬁb’ CONRAREL ar%@re(fﬁ%d‘f%'?ﬁ‘égecg‘?/v%cﬂ on
diffusion. In preferred-enbodi pents, the. doped pockets 45, 46, and 47
remai n nar r oner PRIRAAIGREG: Fhaphet IRQIA RFVING AR aceesicHde and JHRRASIN%r

enbodi nents, the width of the pockets will remain about the w dth of
narrowed gap. [Dil0@sigeferring to Fig. 20, masking bl ocks 218, 219, 220
and 221 are renmoved fromover substrate 112. Sem conductor construction
10, as. shown in Fi gasBbs;regian whiemishdopmdogidss deaag p-typs dupsietdisynsed
(Figs. 10-13 and corresponding text) to formthe constructions shown in

Fig. 14. It canithie tag\hahAgaey®Nntahddthdley igedithan Wd enttegherthgewigtacket
regi ons associated with transistor devices to allow a | ower

concentration obs pRIARrYgYdME iRyt ype dopant to be utilized in the
channel region, thereby décreasing the anount of dopant that can diffuse

tovard the  storage gadh druBidaftictanEAREERLIAN Mol chibe dopants

at or surrounding a storage no n can I ncrease charge akage.
Accordingly, degreasing an unt of high diffusivit dopant .such, as,
for exampl & bobBiS et HoYdNe Fop i Rl alons Blion e deERsside,and
decreasi ng | eakage,. LOlOlé/ Fig. 21 shows an alternative sem copduct or
construction 10tERANCCEOHTBR/IHIP F8efON beiNG o1 Hig HBPR S %ﬁ‘th?ﬁ'@'(ﬁ? nt

i nvention. The construction shown in Fig. 21 can be identical to the

construction sht@ansister Bpgice1andyi t h an exception being the absence of the

pocket inplant region underlying isolation device 38. Although Fig 21

depi cts a conpl et e absemienadipjEnt kesociatap Ivatht orbe neatolf thehgair ebl at i on

device, the invention enconpasses constructions having a pocket
source/drain regions.

2. The semiconductor construction of claim 1 wherein the indium
implant is associated with the source/drain region on the bitline side of the field

effect transistor.

3. The semiconductor construction of claim 1 wherein the heavy p-

type dopant comprises indium.
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14 WO 2004/ 019384 PCT/ US2003/ 026906 |ightly doped with indium(i.e

| ess than about 1x1012 atons/cm, not shown). In constructions of the
present invention having a |ightly doped indium pocket or an absence of
doped pocket beneath isolation device 38, the isolation device can
conprise a majority p-type doped |layer 40 (discussed above). As will be
under st ood by those of ordinary skill in the art, construction 10 of

Fig. 21 can be fornmed utilizing the methods discussed with reference to
Figs. 15-20 above conbined with alternative photolithographic

patterni ng of ahe npgkigegnisBid@ucted cadfstrUdtibe. o2klaimSachhaldiertAat _dium
patterning can expose regions of the substrate corresponding to the

event ual h@@@&b@%gan %@-Qﬁi AR 8 RutidA ARSM. St 3 § 1OV 8fdnigct her
areas of the substrate, including the area that wll eventually

underlie i e [0102] Fig. 22 illustrates a sem conduct or
constructFgﬁ&%hsggégnéggﬁegﬁ%y anot her aspect of the present invention.
Construction 10, as shown in Fig. 22, can be formed by optional
processing steps in addition to those described with reference to
formng the cqnstrugction . shown in Fi 22,  at

| east sone of *the s lﬁé%mﬂ%oé“fchﬁoéﬁP%ﬁg’%ﬁnmA%gHt Plereﬁb“’?tsrqpcﬁglﬂ? 10
can conprise extension regions 50, 52 which can extend the associ ated
sour ce/ dr & shbstagitiohy centerrd refriivedpiha averbdng paleedagat e devi ce 14, 16.
Extension regions 50 and 52 can extend the associ at ed sour ce/ dr ai n
region 34 such that the source drain region extends the full w dth of
an overlying spacer 32. Alternatively, the extensions can extend the
sour ce/ drai n regi onAtsenliessiuctiarcohbeudtionl cosmatsiig:wi dt h beneat h the
correspondi ng device, or can extend the source/drain region partially
beneath gate shagkicohdubt@Bbstrsteparticul ar embodi ments, source/drain
regions 34 can he nmajority doped with n- type dopant, and ext ensi on

regi ons 50 and%%,p%p BRATBVRTY td)Spgthﬁﬁ'ué"bﬁ hegioRs tWilfin dé’%%?rhcor{dﬁctlve

preferred enmbodinents, extensions and 52 can conprise a heavy p-type
dopant suc i
Copant Suelhyfa (e STATBAE. e ARk, ORLERB 0 Tpgpina
atonms/cn? to about $ 012 atoms/cnR. [0104] As shown in Fig. 22,
seni conductibit M FWATANN0 conprising source/drain extensions 50, 52
can be fornmed to have such extensions beneath only one of the pair of
si dewal | s 32 a8stErisatten CRNstruiogi Q¥al Hieasybstitate) Fh%ﬁﬂ@éﬁ'smr@@s%‘%ﬂ@hm on
implants 50, 52 can be provided on a single side of a corresponding
transi st or cdewirisegl4, 16. Preferably, as shown
a gate disposed between the pair of diffusion regions and having a
pair of opposing sidewalls;
spacers disposed along the opposing sidewalls, the conductively
doped diffusion regions extending under the spacers;
a diffusion region extension present on a first side of the transistor

construction, the extension being a halo-type implant of a second type of

dopant; and
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in Fig. 22, extensions 50 and 52 are provided only on bit contact sides
of gates 14 and 26 and are absent fromthe source/drain region on the
opposi ng storage node sides of the gates. It can be advantageous to
utilize indiuminplant extensions of sourceldrain regions associated
with bit contact sides of transistor devices 14 and 16 to allow a
reduction in the anmount of indiumutilized in channel pocket inplants
45 and 47. In the presence of extensions 50 and 52, pocket channel
regions 45 and 47 can conprise an |nd|un1concentrat|on of from about 2 x
1012 atons/cnR to about 5 x 1012 atons/cnR and can additionally
conprise boron at the concentrations set forth above with respect to

t he sem conduct an abeasts oCampdiffebiawrepionFexgensidn on Hn PN SOdEIBAde
PCT/ US2003/ 026906 [0105] A method of form ng the construction of Fig.

22 i s descrigpegl WahBistRf @yrenGetidrd the Ekterdior? éxteRefey thengiffugiohi i@giod3on
such illustrates further processing of a construction simlar to that

shown in Fi gne Jfﬂstprs'ndér otfoth%ort‘r%‘ﬁQFsld?ncérﬁ)stﬁf&Yoﬁaf%%bF Oderfé%ﬂ?ttﬁlécﬁhﬁé\st‘?ﬁ
digit lines. A mas | ng material 174 1s fornmed over construction 10 and

is patterne e S ure
bit line cog:tOE eglaggétt!r)gﬁépg{ugrom !bgeésﬁ ?{f dﬁfm %/é)\sfwlt(r}'énggﬁ%%@trrl al
174 can conpri se, for exanpl e, photoresist; and can be patterned
utilizing s&PPSEYEIOMhot ol i t hogr aphi ¢ processes. [0106] A dopant 176 is
inplanted relative to construction 10 and fornms extension regions 50
and 52 shown in Fig. 24. Dopant 176 can be inplanted using angl ed

i npl ant techni ques pically utilized for form ng halo inplants
relative to a géte. T%@Bamcq@gp&wosetr%@ns@‘ Wit @ whereiontheyfssicpe ohal o
i npl ants, however, in that inplants 50 and 52 do not forma ring shaped
structure sbopam isiapantypbsanidrtbéaacermu typeydopanbisea gityfee. of t he
correspondi ng gate, the opposing side of the gate being bl ocked by
masking material 174. Dopant 176 can conprise a p-type dopant and
preferably conprises a heavy p-type dopant such as indium : [0107] The
sem conduct or cgnstr ks semicIHRNBtor '&oﬁétﬂjctlgﬂ cﬁ%ﬂalrﬂ% @vHéFé”'@'fhé’é@&ﬁféis@ﬁet 0
renove photore3| st material 174 and to formthe construction shown

Fig. 22. jd%?]anﬁhgnd igm. i1lustrates a sem conductor construction 10
enconpassed b ot her aspect of the present invention and will be
descri bed using simlar nunbering as was used above in Figs. 1-24 where
appropriate. The construction 10 shown in Fig 25 is, sim'lar to the

construction illustrated i Fi 22 with n bei resence
of a. shall ow h each?he semr}cono%ctor construct| on o Efgl % ererf dIRUSeIOH

region comprising the diffusion region extension is associated with a bitline

contact.

10. The semiconductor construction of claim 6 wherein the gate is

disposed over a doped channel region comprising indium.
1. The semiconductor construction of claim 10 wherein the channel

region additionally comprises boron dopant which extends laterally beyond the

indium dopant.
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isolation region 54 in place of the isolation device 38 (Fig. 14).
[0109] As will be understood by those skilled in the art, construction
10 as shown in Fig. 25 <can be fornmed utilizing conventional shallow
trench isolation region formati on conbined with various nethods of the
present invention described above. Shallow trench region 54 can be
formed at an initial processing step prior to formation of patternable
material 102 (Fig. 2). WMaterial 102 can then be patterned by nethods
di scussed above to expose the regions of substrate while |eaving other
regi ons cover ed.’2Coat\ $Rinigan@yGtal consrughen eempusingd and processed to
expose regions that will eventually underlie central portions of stacks
22 while other regi amemicondustivagateralsakbirate; t rench i sol ati on region,
remai n masked. Channel pockets 45 and 47 can then be fornmed as

descri bed above, f ol hdinstdariaya becormd iramsistbr threstaddon boeathe degitomdgtis@own
in Fig. 25. [0110] Although Figs. 22 and 25 show i npl ant extensions 50

and 52 bei ngpbfrateiri8@riaN eatRF HECHirsPanPbédbrnPa Rt oPEsHEluCtiOd RASNGS and
47, it is to be understood that the invention enconpasses enbodi nents

wherei n ext ki : ; Fad i ] cl :
constructi oo?sb%:sﬁa%ﬁ%%gg%@?%?%ﬁ%qﬁc#é}é%&?gggcgﬁcqlgwﬁtég%'g%ga&% and 47.
16 WD 20041019384 PCT/.1JS2003/ 02690 0111] I n.addition to the above
doscr i bed enbod ment & MRHAN Asereiibre e i B ablr e Srblaet s F o
form ng gate constructions. An exenplary nefhod of form a

const r ucts RSt LRSI 6oy HUUAMES B T shosEd B tree nDedir SR et 36oPBR er ence
to Figs. 26-29. (50112] Referring to Fig. 26, an initial step can

conpri se dSPYEHFAl £giQnsy arfirgfends @I’@%?‘FﬁtéOUW&fCBﬁindﬁg@@ze%%@“”@ nsul ative
material 24. Alternatively, dielectric |ayer 202 can be deposited on
substrat e I®neathathesipacaicen offirstrsideneliihatiirstdransistor congtrupiden and the
material 24 can be grown after the damascene process. Source-drain
regi ons 34 seaondbeoprceszain rpyionrextendiegpbendath ghelsedazetoni an oppgstng 202 as
shown in Fig. 26, or can be formed during or after gate formation.

[0113] Di elseebhd siderifené ffst ZaAsien cBAstP@itioar ned by conventional met hods,
- such as photolithography, to form patterned bl ocks 203 and 205, the

bl ocks having si deWa'a'tﬁir@gﬁld%”@urtﬁggala&:%i/d"fginsr%%rn%iﬂqn e @utg.ﬁi%t%,ﬁgavvab' e

spacers 208 can be fornmed al ong si | s 204 and 206. Renova

spacers 2088 RSy ol dnlAlciBr IS iU HPRATIEEh M ul P e

sacrificial” materra nd ani sotr opi he sacrificla

material. Ss%%(r:ceer/gra?nor%gbo%\é,ealfﬁétesrigel of the fourth source/drain region extending

beneath the spacer on a first side of the second transistor construction, and the
third sdurce/drain region extending beneath the spacer on an opposing second
side of the second transistor construction; the first, second, third and fourth
source/drain regions being commonly doped with a first type of dopant;

a source/drain extension associated with the first side of the first
source/drain region, the source/drain extension being doped with a second type
of dopant and extending the first side of the first source/drain region farther

beneath the first transistor construction; extensions being absent from a second
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edges 209 and 211 that are separated by a narrowed gap relative to the
di stance between sidewalls 204 and 206. A dopant 122 (di scussed above)
is inplanted relative to construction 10 to form a doped pocket region
212 as shown in Fig. 27. Doped pocket region 212 has a wdth
corresponding to the width between |l ateral edges 209 and 211. [0114]
Referring to Fig. 27, spacers 208 are renoved and a | ayer. of
polysilicon 214 is conformally deposited over construction 10 and al ong
sidewal I s 204 and 206: A gate electrode material 216, such as WN W or
ot her conpddde Plothe fesimaures/ Agimragien andbsgnt iemdhe seeendisoureaidraipe
deposited over polysilicon |layer as shown in Fig. 28. | 101151 Referring
to Fig. 29,regiopl anari zation step utilizing for exanple cheni cal
mechani cal polishing is performed to formthe planarized gate structure
having a netal gate el ectrode 220 as shown. The gate structure can have
a gate structurd3w dtffheceemempdndiongecanstrubtéordicdt caive 1 durkeen cohgrising
sidewal I s 204 and 206.. Accordingly, doped pocket region 212 can have a
wi dt h t hatchadnéleggidnbajefihbe withil theafubstiatedsdreatti each uf tedltst and second
particul ar enbodi nents, pocket region 112 can conprise a width |ess
than or eql{?éns’is%ra%'éirue@érfs éth@aéﬂ"é%c’ﬁhr@ﬁ of B EirfePidgitiisbéing b@ﬂ)é@lmtﬁ
channel region which underlies the damascene gate structure and
sur roundi ng,qpRcket (shown in Fig. 29) region can additionally conprise
boron as discussed above relative to gate stack structures 22 and 36.
Sour ce-drai n extensions (not shown) can be utilized in conj uncti on with
Lhe gate and Ca“|4be fT‘?\ ”Eélnfé%nﬁ&&SF 'cBﬁ&n?é?BK f&rQrH71]2 J}fﬁ s%ba'aas
een described in'lang |c as to s ruc ura
met hodi cal feat ve at . the inyention
's not 11 m% gace?%farhsxge@a@@. ?%%ocraiatﬁi Egﬂgena Sttt Foin SOuicREERpe
means herein disclosed conprise preferred fornms of putting the
i nvent i on i"RIENetERQUICEARAIN RYiERBIOHPaIRG dopRG With Resecand;tied of Horaft apd
its forms or nodifications within the proper scope of the appended
clai ms. 17 extending tha firgt sigei ebiridewth sonerdiain goienfprthei ngneathf thel d
effect transistor conprising a gate stack di sposed over a boron doped
channel regeconthdransgt@ncactrestons eideasidnabemgpatssang frdm td seeorsl dielp af
sub-region which is doped with a heavy p-type dopant di sposed

the fourth source/drain region, and absent from the third source/drain region.

15.  The semiconductor construction of claim 12 further comprising an

isolation structure between the first and second transistor constructions.

16.  The semiconductor construction of claim 15 further comprising a
doped pocket region within the semiconductive material beneath the isolation

structure, at least a portion of the pocket region being doped with indium.
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wi thin the channel region and extending |less than the entirety of the
width of the overlying gate stack; a pair of source/drain regions
associated with the field effect transistor; one of the source/drain
regi ons being on the access side and the other source/drain region
being on the bitline side of the field effect transistor device; and an
i ndium i npl ant associated with only one of the pair of source/drain
regions. 2. The sem conductor construction of claim1l wherein the indium
inmplant is associated with the source/drain region on the bitline side
of the field eflfect Theaginispaductar camgdrustian dridriat dp wherein the isstatien
claim1l wherein the heavy p- type dopant conprises indium 18 4. The
seni conductstructoasompeised frst corxduetigelytdoped mathdali sapianated foped second
sub-regi on has an indium concentration of fromabout 2 x 1012 atonsl cn?

to about 5 condiQdtdedt-oopsyl GivBterial byheans énfep@nihdc tiosulaives tmatekiabnthef figstai m
1 wherein the sub-region is substantially centered relative to the

overlying gahgusthRfKdofed Maieral LI 8beEd &P BB Idade i A 0ToMBHIsFEMYwithan-
sem conduct or substrate; a pair of conductively doped diffusion regions

Wthin a 5‘?2&&8&9&!‘&%\9% AR 13l 198 aﬁcﬁ?sr/grtf‘ub%tgji-glpet appnduct i vely

doped di ffusion regions conpri sing ant; and a
transi stor constructi on over the substrate, the transi stor construction

conpri sing: a gg%e dirpRosa; c%ﬁb"‘@tﬁf ctolﬂgtr@@tl b il 45 &ﬁe?e‘?rg'%?ﬁaj&“t‘}

having a pair opposi ng di sposed a

opposi o st deual 5, e SQRUNGLShat A3RSE L1 on rearons extending

19.  The semiconductor construction of claim 18 having an absence of

any indium implant beneath the isolation structure.

20. A DRAM forming method comprising:

forming a first gate stack and a second gate stack over a substrate,
each gate stack comprising a pair of opposing sidewalls;

defining a first, second, third and fourth diffusion regions within the
substrate;

defining an isolation region between the first gate stack and the
second gate stack, the isolation region electrically isolating the first and second
gate stacks from each other,

forming a pair of spacers along opposing sidewalls of each gate
stack; the first and second diffusion regions extending an initial distance under
the spacers_associated with the first gate stack, and the third and fourth diffusion
regions extending an initial distance under the spacers associated with the

second gate stack;
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a diffusion region extension present on a first side of the transistor
construction, the extension being a halo-type inplant of a second type
of dopant; and 19 an absence of any diffusion region extension on an
opposi ng second side of the transistor construction, the extension
extending the diffusion region on the first side of the transistor
construction farther beneath the transistor construction relative to
the diffusion region on the second side of the transistor construction.
7. The sem conductor construction of claim®6 wherein the first type of
dopant is an n-type &xX@ndhw tvedssidiiffygien trgirintelativedoghe ypital distamgee

sem conduct or construction of claim®6 wherein the second type dopant is
i ndium 9. Witheus extieodimgube secemhdiffugioniregioof thel eaiten dnghemprininghe

di ffusion region conprising the diffusion region extension is

associ at ed imptdntiag i Hdavpe-typerdopant; ahd. The semi conductor construction
of claim®6 wherein the gate is disposed over a doped channel region

conpri sing i ndi ghenkiing theGo8@NYFRIRIBACIEEIONGRRSIVE 46 tHeoRitRl dBtaid® Without
wherein the channel region additionally conprises boron dopant which

ext ends | ateg(g@r{dri%]rfﬁg)qﬁgg dﬁfg’gisoed ndidym dopant. 20 12. A sem conduct or

construction co m ¢onductive material substrate; a first
and a second transi stor constructi on over the sem conducti ve substrate
material, each of the first and second transi stor constructions having

opposing sidewal s with a pair of insuylative spacers along the

o deval Is: a 1124t andeanetioohal SaF < Bl Be srcar: RPAPHRG a pacer
substrate, the first transistor construction being di sposed between the
first and tWdthsesbwhereivthecajtat distanceds 998 thap therspacenwidh. the fir st
source/drain region extendi ng

22.  The method of claim 20 wherein each of the diffusion regions are
conductively doped with a first type dopant and wherein the extending comprises

halo implanting a second type dopant.

23.  The method of claim 20 wherein the diffusion regions are majority
doped with n-type dopant and wherein the extending comprises forming

extension regions majority doped with p-type dopant.

24,  The method of claim 20 wherein the isolation region comprises a

shallow trench isolation region.
25.  The method of claim 20 further comprising:

forming a first and second capacitor constructions; the first

capacitor construction being in electrical connection with the second diffusion
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beneath the spacer on a first side of the first transistor construction
and the second source/drain region extendi ng beneath the spacer on an
opposi ng second side of the first transistor construction; a third and
a fourth source/drain region within the substrate, the second

transi stor construction being di sposed between the third and fourth
source/drain regions, a first side of the fourth source/drain region
extending beneath the spacer on a first side of the second transistor
construction, and the third source/drain_ region extendi ng beneath the
spacer on E9IFhsithg seceBAEaPraritRs consirHetiafieb@ina in elasdical gpnnection with
construction; the first, second, third and fourth source/drain regions
bei ng conmthe third dlifitsion telgien; fandst type of dopant; a source/drain
extensi on associated with the first side of the first source/drain
regi on, the sour ce/ dicanimgea tfiestshivlind eontgctlmpeldctnichhcanrsetiondvitly e first
dopant and extending the first side of the first source/drain region
farther baimesioh fdgeorf Bneta ket BitdineConabetuipt élebtricak temsedtion eh nige
absent froma second 21 side of the first source/drain region, and
absent frofiidhgrregeprsyigour ce/drain region. 13. The sem conduct or
construction of claiml12 further conprising channel regions defined
within the substrate beneath each of the first and second transistor
constructions at |least a portion of the channel regions being doped with

indium 14. The,sem conductor construction of .claiml2 further .
conprising a s %r ce r&%é’?%hgﬂtogn‘g?'gh% S\gﬁ%rieg{gbe%eﬁ]ﬂmgh%n f?cpgtﬂorbﬁﬂéo%f
the fourth source/drain region, the source/drain extension being doped
with a sec8dPUSFE of dopant and extending the first side of the fourth
source/drain region farther beneath the second transistor construction;
ext ensi ons bei ng absfermingrasraed doskef repws within the seaicansdustairssdstiatel n
region, and absent fromthe third source/drain region. 15. The
sem conductherdapedistaaket iegioro€omprasing 8 doket Wishth;amdpr i sing an i sol ation
structure between the first and second transistor constructions. 16. The
sem conduct or const rfgeehingnamfisathttonmbss favet ties sabstpatesanmpoder the pocket
region, the isolation mass having a total mass width that is greater than the

pocket width.

27.  The method of claim 26 wherein the isolation mass comprises:
a gate stack over the substrate, the gate stack having opposing
sidewalls;
a pair of insulative spacers along the opposing sidewalls, the total
mass width being a distance between outer edges of the pair of insulative
spacers measured at a surface of the substrate; and

wherein the total mass width is at least about double the pocket width.
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doped pocket region within the sem conductive material beneath the
isolation structure, at |east a portion of the pocket region being
doped with indium 22 17. The sem conductor construction of claim15
wherein the isolation structure conprises a first conductivel y-doped
mat eri al separated froma second conductively-doped material by an
intervening insulative material; the first conductively-doped materi al
bei ng doped to at least 1 x 1018 atons/cnB with n- type dopant and to at
| east 1 x 1018 atons/cnB with p-type dopant. 18. The sem conduct or
construction of 28l ai i RRAMeerstiuciongpmPIrising: dopant in the first
conductively doped material is p-type. 19. The sem conduct or
construction of cl ai enfik8t dradva sgcend ghteestwetuwe; any i ndi um i npl ant
beneath the isolation structure. 20. A DRAM form ng nmet hod conpri si ng:
form ng a first gatefairarkiedNtheFosensdus gmbsrisiifs Kirs1\rRidedasebshd Abge,
each gate stack conprising a pair of opposing sidewalls; defining a

first, seconghirgtiddethrans idpi ddueditid fist ABdE BEINGNMS g¥iddhéIBC RS connBafisrht e;
defining an isolation region between the first gate stack and the

second gat g l"ﬁ%ksecbﬁggioﬁgltﬁrtohgﬂ tr‘i@ﬂlis?paf%l s‘?ﬁ}cfdrg?‘gﬁé'pgde?ﬂli o 16E%ich! ' St

and second gate stac rom each othe formn of spacers al ong

" 20i ons ext oty Rt eEita bR hEToo A BoeSRtaRER BBudh S W

the first gate stack, and the third and fourth diffusion regions
ext endi ng SFCPRT ORR StEHCL e EaCh ALE PHeN eI nt:a SERISANEIIRM h ¢ he
second gate stack; 23 extendi ngf the first diffusion region relative to
t he i niti alasgpsigtadctoerayithdg défusiondraigns Resewier dvith thefisloand e.fosA, t he
ext endi ng conprising inplanting a heavy p-type dopant; and extendi ng
t he fourt h rdides esicbextarginghunagrabé fiest gate steudturiet aad thie diffanion regoheut
associated with the third and fourth nodes extending under the second gate
structure;
an isolation region between the second and third nodes, the
isolation region electrically isolating the first and the second gate structures from
one another;
a bit line contact in electrical connection with the first node;
a capacitor construction in electrical connection with the second
node, the capacitor construction comprising a storage node;
an indium implant in the diffusion region associated with the first
node, the implant being under the first gate structure proximate the first node;
and

an absence of an indium implant in the diffusion region associated

with the second node.
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extending the third diffusion region. 21. The method of claim20 wherein
the spacers conprise a spacer wdth and wherein the initial distance is
| ess than the spacer width. 22. The nethod of claim 20 wherein each of
the diffusion regions are conductively doped with a first type dopant
and wherein the extending conprises halo inplanting a second type
dopant. 23. The nethod of claim 20 wherein the diffusion regions are
majority doped with n-type dopant and wherein the extending conprises
formng extension regions majority doped with p-type dopant. 24. The
met hod of cl ai m2® m&@PRW&OP%@O&@P&%CP@Qﬂ&WB@r@m thecigdiim YRalpnbigy a
trench isolation region. 25. The nethod of claim20 further conpri sing:
form ng a fliskindiunlingeleohand Byster compgsingt ructi ons; the first capacitor
construction being in electrical connection with the second diffusion

24 region, and the second capacitor construction being in electrical
connection with the aheeehdirfdiumgiiowlardégthensecand indium rigrpkant ibesng i the
line contact in electrical connection with the first diffusion region
and a secondiffosibn | regmnc asdanidted nvigh dlod rfoedth nooeneed inlewithd devendt dated
di ffusion region. 26. The nethod of claim20 wherein the defining an

i sol ation rgpéeh tEOTRtts @ddefierif lgcticdlopeshdeask alith &JbRIhaMcbhiabt; td1R
sem conductor substrate, the doped pocket regi on conprising a pocket

wi dth; and formng anq %%éﬁéé)rbfmﬁnaw irBBl%n{sg%%BEi@fe% AN e itk ason

pocket region, the isolation mass having a tot mass width that 1s

greater tharré H?weass%félﬁ?& WY%%Q hir%7nod he nethod of claim 26 wherein the
i sol ation NBSs conprises. a ga%e stack over the substrate, the gate

stack havi ng opposing sidewalls;
30. The DRAM construction of claim 28 wherein the isolation region

comprises an isolation structure having a total width, and further comprising a
doped pocket beneath the isolation structure, the doped pocket comprising a
width that is less than or equal to about half a total width of the isolation

structure.
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a pair of insulative spacers along the opposing sidewalls, the total
mass W dth being a di stance between outer edges of the pair of

i nsul ative spacers neasured at a surface of the substrate; and wherein
the total nass width is at |east about double the pocket wi dth. 25 28.
A DRAM construction conprising: a first and a second gate structure;
four nodes, the four nodes conprising a first node, a second node, a
third node and a fourth node, the first node being in gated el ectrical
connection wth the_second node through the first gate structure and
the third node IYcatildf %Mg@ﬂ?%‘&%‘% | gaim |2§aIW"t?t5‘ﬂ'ﬁe€??'brP wihehgatge
fourth node |l ocation through the second gate structure; each of the
four nodes H@giligs £oMATES| APosEy oate didewaliaeed a maireeli tsulative spacers
di ffusion regions associated with the first and second nodes each

ext endi ng ured@rg inisilef surfacegaaleng bndcagairst thangatehsiddwhilsisndrhavey outside
associated with the third and fourth nodes extendi ng under the second
gate strucduitaees aiwdyshomt thensidegaKs) dzehvse stivetuse oontbrivivey thtotal wiothes,
the isolation region electrically isolating the first and the second

gate str UCtéUn%%pBﬁ&lRl}; toNke @'ﬁ@ét@@trdls%néétbe't\hé@w Prfl—ﬁb@l%tde' @r%c%%tdf' tﬁé'palr
connection with the Tirst node; a capacitor construction in electrical

connecti on 4 dEQulBﬁ\?e §§§8&9.as’§}89ﬁte& Wﬂ Bgfdtrﬁe‘ééoﬁ%g %éi@t LAY th?éFB{ i §lend

a storage no an 1ndirumi ant Ion I oh assocl at ed
th the f [ t
broxi mat e (P RS 'fQRh&Sncoﬁﬁd @%s Clfduch Vi GRbd EVEE! | HEIGlE®
di f fusi [ h d d
const  uct | GETRh PR oSN reate 1o HESs v B %Sqoimn 8¢ e chans! feAsm
i npl ant and further conpri si n?h
being doped with indium, the portion comprising a width that is less than or equal

to about half the total width of the gate structure.

32. The DRAM construction of claim of claim 31 wherein the indium in
the channel regions is present at a concentration of from about 2 x 102

atoms/cm? to about 5 x 10'? atoms/cm?.

33. The DRAM construction of claim of claim 31 wherein the channel

regions are additionally doped with boron.

34. The DRAM construction of claim of claim 28 wherein the indium
within the indium implant is present at a concentration of from about 1 x 10"

atoms/cm? to about 3 x 10'? atoms/cm?.
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a second indiuminplant, the second indiuminplant being in the

di ffusion region associated with the fourth node and under the second
gate, wherein the fourth node is in electrical connection with a
bitline contact; and an absence of an indiuminplant associated with the
diffusion region associated with the third node. 30. The DRAM
construction of claim28 wherein the isolation region conprises an

i solation structure having a total width, and further conprising a

doped pocket beneath the isolation structure, the doped pocket
conprising a w3 h thaemiconfdeetsr conatrustiorgamiprisivgabout hal f a t ot al
width of the isol ationc StpHEIUELeRafcor B PRANEARSHAHSHL Bbigialc! & M
28 wherein each of the gate “Structures conprises 0opposSing gate

sidewal | s and a pair aofirsi coduativelg depag eiffusidnaregiop wittsindiee sur f aces al ong
and agai nst the te sidewal | s and having outside surfaces away from
the si dewal $&EniceRUctiyamAteti@hict ure conprising a total width

correspondi ng to the J&ahAondlSHRINEGoRRE HREBSoh MegiBH inietHeur faces of
the pair of insulative spacers associated wth the correspondi ng gate;

and wher ei rsenhigonddRANE catstialutie fat ang secandusmguttively doperdidifiusioiny doped

channel reqj f .e structures, at |east a portion
of the chanﬁg[é%Pecgﬁﬁﬁg%o%ﬂﬁsgt)gjoepéefg)eo\ﬂ%ﬁh i ndium the portion conprising
a wdth that is |ess ddute structaeabsodiatedbothtthbdirdt dnitiesecohdldiffusirn of t he

gate structure. 32. The DRAM construction of claimof claim31 wherein
the i ndi um®8°"¢h@%hannel regions is present at a concentration of from

about 2 x 1012 = at ongherfifigio néxténéi@ﬂa?as%&ﬁfe/dqm% thd3gatd eruBind/

construction of claimof claim3l wherein the channel regions are
addi t i onal | thegxtasngion edmpiigion a seeond hwerAPeohand axtendimgdnedirgi m of

concant rati o 1¥deh BttHophEb o <35 WG BEMaR e sl dbn®

atons/ cnR. ra8ion.

36.  The semiconductor construction of claim 35 wherein the first type of

dopant is an n-type and the second type dopant is a p-type.

37. The semiconductor construction of claim 35 wherein the second

type of dopant comprises at least one of In, TI and Ga.

38. The semiconductor construction of claim 35 wherein the first

diffusion region is associated with a bitline contact.

39.  The semiconductor construction of claim 35 further comprising a
channel region associated with the gate structure, at least a portion of the
channel regions being doped with a heavy p-type dopant comprising at least one
of In, Ga and Tl.
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35. A sem conductor construction conprising: a sem conductor substrate
conprising a sem conductive material; a first conductively doped
diffusion region within the sem conductive material; a second
conductively doped diffusion region within the sem conductive material,
the first and second conductively doped diffusion regions conprising a
first type of dopant; a gate structure associated with the first and
second di ffusion regions; and one diffusion region extension associ ated

with the gate styucture, the extension conprjsin econd, ty of
dopant and exten@'ng%h?eS?W'FgF ”ﬁ???%‘ﬁ@ﬁ“ﬁﬁ% %ﬂ'”?ﬁ?t‘“ﬂ?l’e'ﬁgﬁ%ggf?the
gate structdtrRtureliabifivs dale bhectors and fiittel ¥eMPRsingeDs&dbndfate BAE an

sem conductor construction of claim35 wherein the first type of dopant

i s an n-typeolatien stiectyee belveeppbe degi and sesoad gateygeuct@es. The

sem conductor construction of claim 35 wherein the second type of
dopant conprises at |east one of In, TI and Ga. 38. The sem conduct or
construction of claim35 wherein the first diffusion region is
associated with a bitline contact. 39. The sem conductor construction of
cl ai m 35 furt herdlconpitiessangicandudiancristiugtiproaf claivndd fudterwiontprising gat e

structure, at |eas i on. : nnel regj i Q wWth a
neavy bt yponisanCsRi uffly e SPRiFRBRIE wpRHlaPBRneghIFe RS
The semi congtugture, thensdioketidgioh béingldabed Aothvdtes st onehud IigalieandsGauct ur e
is afirst gate structure and further conprising a second gate and an

i solation structure between the first and second gate structures. 41.
The sem conduct or construction of claim40 further conprising a doped

pocket region wi4in A RRtSeibrRReigld YepdtRicidriin desrariRdlifer sawdtaite on
structure, the pocket region being doped with at |east one of In, TI and
Ga. comprising:
forming a pair of blocks directly on and in direct physical contact
with a semiconductive material of a semiconductor substrate, the pair of blocks
being spaced from each other by a gap comprising a first distance;
narrowing the gap, the narrowing comprising:
forming a coating over the pair of blocks;
heat-treating the substrate; and
selectively removing a portion of the coating;
implanting dopant into the semiconductive material though the
narrowed gap to form a doped region in the semiconductive material; and

after implanting dopant, removing the pair of blocks.

43. The method of claim 42 wherein the blocks comprise patterned
photoresist and having opposing sidewalls, and wherein the selectively removing
the coating retains coating on the photoresist block, the coating material forming

sidewall extensions against the opposing sidewalls.

44.  The method of claim 42 wherein the implanting dopant through the

narrowed gap comprises implanting at least one heavy dopant element selected
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42. A nethod of formng a doped region in a sem conductor substrate
conprising: formng a pair of blocks directly on and in direct physical
contact wth a sem conductive material of a sem conductor substrate,
the pair of blocks being spaced fromeach other by a gap conprising a
first distance; narrow ng the gap, the narrow ng conprising: formng a
coating over the pair of blocks; heat-treating the substrate; and

sel ectively renoving a portion of the coating; inplanting dopant into
t he sem conductive material though the narrowed ga form a doped
region in tH%“§éﬁ$%6ﬁ€u@ﬂpv%ﬂﬁﬁﬁéﬂﬁﬁﬂnO%m@“éﬁpéF1M aﬁkmﬁﬁcﬂoﬁhﬁﬁom
renmovi ng the palr of bIocks 43. The nethod of claim42 wherein the

bl ocks conptk4d@’ pﬁDUth@d phot oresi st and havi ng opposing si dewal | s,
and wherein the selectively renoving the coating retains coating on the
phot oresi st bl ock, the coating material form ng sidewall extensions
agai nst the opposing sidewalls. 44. The nethod of claim42 wherein the

i npl anting dopanfs. t hripedhethdd of REiIMUERh&REh m@rmfpuaﬂmgadaﬂamhra@grathe
| east one heavy dopant el enent selected 30 fromTI and In, to a

concent r atl dhrddled §4N.GHRAHSe inoldttig BIrBARG BRBnESPRRIA of rlork abBiS

aLonB/ﬁth 45, clai 2 wherein the 1 nplanting dopant

o £10m el 8 AR AR g
I I d f Tl,,. Ga and

I to a coRAMEPRENCHEBEN £ 'é]c%gﬁa 1} G504 do Grireral BPBL L X

1013 atons/cnB. 31 1 13
about 1 x 10'? atoms/cm?® to about 1 x 10'® atoms/cm®.
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