Sem conductor Constructions Wth Gated |sol ati on Regi ons Havi ng | ndi um Doped
Sub- Regi ons TECHNI CAL FI ELD [00011 The invention pertains to sem conduct or
constructions and nmethods of form ng sem conductor constructions. In
particul ar aspects, the invention pertains to nmethods of form ng DRAM
constructions. BACKGROUND OF THE | NVENTI ON [ 0002] Electrical isolation Is
comonly utilized in sem conductor constructions to alleviate, or prevent,

| eakage between el ectrical devices. For instance, it is frequently desired
in dynam ¢ random access nenory (DRAN@ fabrication to avoid sub-threshol d
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currents between field. effect transistor devices, including, for exanple,
junction | eakage in source/drain regions; drain-induced barrier |owering
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( sub- t hr eshglfghd (FoiMBsstrGtind)e utilized as a figure of nmerit for
determning I1f access devices are performng adequately. It is found that

reduci ng gate oxide thickness of access devices can i nprove a sub-threshold
behavi or of theBAeKGResJND/mmEmvaNmameousl y increasing a drive current.
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(0004] It would be desirabl devel op new net hods for re ucli n
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[0003] A ratia of la, (drive current) to | (sub-threshold leakage) can be utilized as a figure
of merit for determining if access devices are performing adequately. It is found that reducing
gate oxide thickness of access devices can improve a sub-threshald. behavior of the devices
while simultaneously increasing a drive cumrent. 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 increass 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 c’hannel'mobility 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 wouid 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 & 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 Ti. The
1



SUWVARY CF THE | NVENFHEN-T0005]1" I n one aspect, the invention enconpasses a
sem conduct or 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 acceptor atons such as Ga or Ti. The ‘1
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doped with a first type of dopant. A source/dram extensnon which is doped with a second type

of dopant is associated with the first side of the first source/drain region and extends the-first
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 embodiments 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.



[ 068-H—Fhe-tnventtomatso—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
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cross-sectional view of a fragnent of a sem conductor wafer construction
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[0019] Fig. 11 is a view of the Fig. 2 fragment shown at a processing 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. P

[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.

[0029] 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 of the present invention.



that of Fig. 11. (0021] Fig. 13 is a view of the Fig. 2 fragnent shown at a
processi ng stage subsequent to that of Fig. 12. [0022] Fig. 14 is a
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[0037] Fig. 29 is a view of the Fig. 26 fragment shown at a processing stage subsequent to -

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 transistor 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 isotating 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 {o as gate oxide.



waf er construct+er—at—a—pretim nary 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 fragnment shown at a processing stage
subsequent to that of Fig. 26. (0036] Fig. 28 is a view of the Fig. 26
fragnent shown at a processing stage subsequent to that of Fig. 27. [0037]
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gate oxidey 4nd source/drain regions 34 can be considered as being spaced from one another by at
least portions of such segments. In the shown constructions, source/drain regions 34 extend

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. i
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
5
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conprise, for exanple, conductively-doped silicon. The silicon is typically
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source/ drain re)gic?pﬁ 34 extend under spacers 32 in the shown construction.
It is to BN P88 Rowever that other structures can be formed in which
t he sour cefad5a] n In particular embodiments of the present invention, material 40 can comprises

essentially one.type of dopant (i.e. at least 99% of the dopant within material 54 can be p-type) -
- or material 40 can effectively comprise two types of dopant (in other words, less than-89% 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
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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 the spacer to beneath the
correspondi ng stack (not shown). [0049] The various source/drain regions are
connected to &V p8#018Bdaci t or constructions 42 or digit POTrusmoddete define
various nenory cell units of the DRAM nenory array. [0050] An isolation

38 t t {, t 14 1 d
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anot her . | statka36ireative égstacks 28. WO 2004/ 019384 PCT/ U82003/ 026906 38 conpri ses
compr i sos (0seF | hbalbae Sofds B nd BiRe TN HEBTE od dudk SSrenClftiote cap
34 utili zetplativetogatrderface hetweengate pridedeand SlllnorplavetrﬂﬁuBaemf@aihodiumarhwrm ack 36
o 1 er entt SP1EF ofclahEerklorr 1A Ophel MEFYL s 0BRSS 37 S e "
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source drai h regions 34 i nst ance, sourcel drdin region %‘5& rimrily
conpri sed H’oP‘ﬂS@ A yert0- m%?yPﬁF"’EﬂT)‘t E%[ﬁe”t'ﬁf‘?’?ﬁ”lqeysug@ﬁﬁ‘r‘ios%’ewﬁ ge&opant
The utilizgpé Gépaﬁfcoﬁcdn}fﬁl%nctwaﬂtonﬁﬁh@pfypbGéﬂahb/asdﬁ@m}onwﬂdobhm in Qs»md) gate

| ayer 40, il haV| ﬁ@r clg dr ai | ons c*? é@ 89 i

maj ority R e Sfugend o, sie, thv an?;?%suﬁ?bw ‘Efp? A Enyer W'?rhgea

rel ative toarsﬁ}oacmtruaﬁewcmmtsm@lsiask3@an enabl e stack 36 to function ;
primarily i S0 ' Leqi a I reshol.d vpltage i zed
to drive a %@Entiéggéldcggfkefa A%E %n{;%g% 'dg X'H@ It S?m'm‘?g'ftwﬁq?%?ﬁ# fn sone
aspect s of substiate i12\bgnedtlo isclation ehrucalrezﬁ@ d2oped pogkei egiopi 4pnédni mdoped with- a
concent r at DAt skt

conpr 1 se. g piyee ik sip 8oy #RenGs R, Sleal, ARBH R0 Oin DRRAE:
bot h p- t yp&e saepthwith pleleggipaift atherrpbirgdopgnt sick @rcionEexamplenbesen.t Hecaobfant can
be about %d%né@@&s@d&ﬁﬁ&@iﬁ&um[&%ﬂ%} héﬂy@&fﬁe‘d&ﬁérﬂrs&ﬂﬁg@la@ﬁ{l Sn-fe pobi@t

DL oot | L G Bl A0 QTR LS e R3S LR PRl S0P
mat eri al 4Gud@n isdifire alithmedogketasgion 46 damKenhweSetefﬁtxodcmambar(tlcmntaél!befenm ds,
less than- %%la/l I(%f device 38. The relatively low diffusivity of indium can minimize diffusion of. dopant
toward - the. storage node junction and. thereby minimize junction leakage. - When- used in
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/cm® 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 102 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 reflow of
borophosphosiﬁcate 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 ™ Wthin naterial 40 is p-type). Alternatively, material 40 can be
maj ority n-doped and coupled to a suitable electrical bias so that

i sol ati on 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
adj acent sour W&2HAIN8Y egi ons 34. Further, the adjacentPEHUS20@/02doed n

regi ons can, as shown, extend the full spacer-w dth under spacers 32

2550C! 2t el RAERed ot ARt b S0 RS BB MR HBL b 01,
t he gate GB,eaitIeastieome ofethe cmtaﬂy enpianteti honehecanndiffuse 40)wardlD 06 regitradk ddgi s
h h i t
Shovn, 12 RN b ek B P b nELSELTER pahCy 1Y,
ot her ci r dapant yemehs sgbatariiallyawithinl peckat regwh 46 rtberably awidingi féafmnvamrhtme pit-r uct i on
or ca ggedoﬁér{tgmrl NeaP B! Jtérggengcgjrel JHeEeHs ! \A‘acc&ﬁxllnaﬁ/ t\éggéﬁéd%ogw% ot dapng as

deV|ce 36 es not turn on an yi ng channe 't of the
dopant vambp&efemd taas A pwb-regipa of adogedéedian ve to Iayers 26 of gate stacks 22)

t he appar egbegy Nuﬁ&@ﬁlm@ i %%@%&v.ngdoﬁ@& ﬁ,afaﬂaﬂao?cﬁ gitd BiaBx 3bafizedbncan

change rel ative to of stacks 2 ot her words, even though gate

oxi de 24 KK9YuRgten M‘n‘é%?ﬁ@%%ﬂ' regfan46n the dnveptiof s sEHRAES SBROdTENiS DYEB/ 026906

in stacks nderangb Btsabdtitiéd witlh@lt@ﬁaﬁﬁ&Eéﬁd@ctﬁél?ﬁbﬂ&écﬁfdmlédﬂﬂl@dmﬁﬁeﬁerﬁf sich@sgat e
oxide wi || beln(f eisdetgg lf %atlveto stacks 22. (0056] In
par ti cul afth&BaEw! utlige ﬁ@y?frzgé'éﬁlﬂe?tﬁ?}\ﬁﬁ ion, there is an effective dopant

depl etion [ooed]at il edditonate the tfeatdras ahdvert ineftign 1 g adrestrootion & 02¢hnaswehpeisd teped | ayer
A0 et Fanh A Rk s B A IS BB 2 bR S ©
initially embodimgntscdobed etranae remomaxeeeaﬂm@esranustnn deyjses camerdopedwiteaneat i on as
do layer$e2% o-3pd o'?;'éhlss‘?félh"é@tf&yex%ﬁ'ngie%roﬁU%ﬁétﬂbcﬁ‘@ﬁ d&bemensnn@%aeﬁs ¢ hRyer 40

to alter electrically properties layer 40 opan
concent r atadgionaliy,adsied bepyy, re:tvemdomt%qumépvﬁ peran ﬂﬂplfl"'?%gtoo%iﬁi’ﬁ?ntramn of -

concentr atfioﬂﬂak{obt-@e1d‘batérﬂ§/8mﬂa%b&3ﬂ9m”¢m%maas the majority dopant in
e oot on IEMoIAFRGACH GFERAEn 18, SHETUAB e ARSI MEhahot ack
36. (0067]ané cdnquetvernadsels is ehiyscally Ggaisn maeeripir 40/ HerthenV cohductivee raagsi 280¢aBuCt | ve
materi al chompnse a silicide layer which.is formed directly on (physically against) layer 40, and can

-further comprise a metal layer, metal compound layer, andfor metal alloy layer which is formed

. over and physically against the silicide layer. :

[0065] Stack 36 can be considered to be within a DRAM array, and the array can be, for
example, a 6 F? or 8 F2 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 numbering 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 aver 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. Refening 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 beneatt-tsotation Structure 38. Doped pocket region 46 can be
doped with a heavy p-type atom such as, for instance, indium Optionally,
doped region 46 can additionally be doped with at |east one other p-type
dopant such as, for exanple, boron. It scan be advantageous to provide

i ndi um or ot her heavy p-type dopant, such as Ga or Tl, in-the pocket region
46 beneath | s$BAPM8¢ructure 38 to increase the thresh8CHUSWIXGEPES Of

i solation gate 36. Further, indi um wi t hi n pocket region 46 can enhance

retention of n entr device 38. The relatively
et o RNk SO e RRSRDerledl B LB A 5, 38 IRELBEALL v

st orage nodﬁeqahntsmtmnatan‘& tnhibe edbgenceni afiiimsuiativg layert oo resalkt dgblocks Mteareused i n
conj uncti éﬂa,y?%%sgg%:ag%@qgl p-type dopant such as, for exanple, boron; a

| ower dos Ironal p-type dopant can be utilized relative to
concent r at [@ﬁﬂ t Yovamll 1§ extepds b@twmmpaﬁemed bicks g941 anglk Hife abe timdenshosdes

across a %n%d&%gt Qﬁtu%pgfeélur%@e 382 df QH’s'iﬁJuvé Rt Cz§r§s t@(pﬁe@"\hﬁ éﬂﬁ t1tﬂ n

pocket re% concentration of froma
about sryefép'e%ﬂ@ﬁ@nd 1P6 pRICREtONpidered iP %{ei % ﬁ@ﬂ@anwmsuyh\@d@)@dzw t h

boron, borgg ts@avde sm;@fvd &rflort 6F Ry é;czaclm&weaéd R efbodimBRts RaAkG néteﬁaulfw
atom;l cn8 to about O%E%i@AC“ vati on_ of | ant ed

i ndi um carfoEEHH ?%@538?‘? Qfa{?\feb% %Vt FW?TIB tt 8eks 14 gpd 406 ?aé'rﬁ%?'zﬁ fitpte of
about 900GofRA olstbyiEts1 Abeiitavk debofideoride ofihe ubbsﬁatmmuaéra&mcm@éder ably from

about 1 m bout ut es ctiyation,can refl ow
o7 ™ bor opn o Refeibuto Fidrids 3 Eiie Hi ps Bhed iy Parish i Raed, o
[0060] Doped 106 garainwitht gare ) abbalingd$4 aolead etr ladst wbrde lof tHegtortion of mselaﬁivlaan the

wi dth of %&tgna[l g& t?u%tkss égoo§g& Eét@ééﬂll%ks H’&Féﬂ%tm%e 90 hé%h%ﬁ%érﬁiﬁd%iﬂ%m’ @LSX t han

cent ered bené "at era
or equal t# afitke pmoaed wedion Obﬂﬂsdléwec@atswl &"fheCP@itnalﬂw igitehmatefial peher dan38

bei ng the fHiftdiRBland| a‘?irh%%r BSHVRBRS, eeweesgomqsa nQJterfah&’es%bt’éd QEA@F@@W ]
spacers 32 associ ate L;p gqaﬁt?e st ack In a preferred configuration, the
v| :

heavy p- ty‘iYeC‘%[tE‘BHT"GBEH‘Pﬁa' e 1A dyphyRicaly aﬂé‘”%‘é’b@?@ﬁ'é@‘?*%Wé&'&‘H%
nei ghbor i nﬂwd%e#é Shddft@h Mt Wiichn b¥ sale@RBly rdmddBy 2@:@%&3&6&% portion. 112 - .

P00k b o b By S e BB P S B
i mpl ant ed Qoo7en dabneeégessef thelwentioh, \cobtingm 14 egiredspordds tduhe mgterial dbsigrattadon . or
other ther pBl,; RIRSRA Rboalel aBroSd & drifle SR TESRAR LAY Snd (D ERYYqRRdyY PE
- spun dry. It is noted that AZ R200™ is a water-based material, so it is preferable to conduct
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 biocks 104 and 106. The material designated as AZ R200™ is
but one material which can be utilized 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] Refeming to Fig. 5, coating 114 is exposed to conditions which selectively remove
the coating from between blocks 104 and 106, while leaving a layer of the coating against
blocks 104 and 106. In applications in which the coating comprises AZ R200™, such removal

can be accomplished by exposing semiconductor construction 10 to an aqueous solution
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dopant remains substadtTalrTy W thin pocket region 46, thereby avoiding high
concentrations of p- type dopant at or near the storage node junctions.
Accordi ngly, the doped pocket region can be referred to as a sub-regi on of
a doped region. [00623 Although Fig. 1 shows heavily doped material 40 of
gate stack 36 utilized in ‘conjunction with doped channel region 46, the

i nventi on encovpzes@sssenbodi nents wherein material 40 | ecsaubsbi/dedoed Wit h
alternative conducti vel y doped sem conductor material such as the materi al
utilized for ‘%ﬂ ate stacks 22. %0063 in addition to the features
shown in F‘i"Q"pi‘s’ ‘ﬁtal?t‘:tl h sglutior can sejpdtively depexe a dRasrsplinkediperian W t hi n
regi ons ofcoam’cgsmat,e sdi2blersd@edusi sngaaaﬁrmekxanoms (HeOhatShp WiakketddasP BOLUTIGNAT

enbodi nment s,,,. doped n n at h the t devi ces can be
doped with”a ﬁgﬁ%nﬁrﬂ@y éﬁ"ﬁggtdd 'ﬁ%’"aY@'ChfW@ganﬁl %58 FRSrUElioh bhor on
doped chanfmtanrtmgémiestedamalsa{cklledadscﬂ bakeraahltmpmlatené dfiramyabput 130€C togwont s and
Ca nave. OPEE b5 bR SRR ARAEE Sl AT haPet v 10,
mat eri al 4ﬂossgnhdh9's¢m@nswycmyag hitreimaivinb atoundblneksI024nd 188nd conduct i ve mass
(2:grrlp$| EgyZ'[‘g‘?’: 1 mﬂﬁ gmé] mtt&ﬁ?}%gsé@%r}%@{oyrs&tg@ag%tﬂ Vcﬁ{}%?% cH%y aga| nst)
| ayer 40, m@n%é’wﬁ‘*f‘m’(ﬂhéﬂtﬁﬂ@ﬁ?ﬂﬂﬁ@@ qutwarda peyoag Qemfaﬂhecmmm
a1 ol de. 1 S A B S erRE s S od D"%ikz 2??a

i Wi :
and the ar 'Pé{f’“%a WB'é’ beV?J?d b@f@iﬁ‘ﬁﬂeemsé’f Blogio1 04y ang! atsp dgfipeya topagge 15 whiskbt hody
<2)f 1; or Im ngeité'tﬁs @Iéﬂétfohbllytdb@% ot tép @igehov of ﬂ@@@fmb%‘iﬁn? thé @6£h§ﬁ¢¢§robt% Fi gs.

n in e u

utilized aﬁf’)@‘e{ogﬁo'g g?ll%‘?rﬁ'ge‘jﬁfz 513?(“'35 Bb E@Qﬁg‘“@arﬁ%gﬁ%@%@%
initially 108 &ibkdpck 306 vakicortieo oemprises adop adyyei 51 7s4hichnis atevatiopalyl abava thetop

proceSS|ng uction 10 conprises substrate 12, insulative |ayer
24, %%%QQ?bfﬁﬁ%ﬁgé al 102 fornmed over insulative Iayer 24. WMasking

mat er i aI 1(IQ07§hn E@meslsebloqkoimeamwmeecoaﬂm tihé supasiding vasich rohatogesist -block -
phot or esi SIogetﬂ&ddérHe E%&ékﬁfdl %ck%ﬁ?&% SRk dCa?aB SO WiiSr M%ﬂ%“éhofo?é%ﬁ& JSRTM

Corporatlon Japan. ererring hot or esi st

oy ol o hoBehiea e, PRt bRgk 106,416 e Siina TF S Uebg U BV SosaRBABE ok
104 and 106 etBérO@dﬁné%mQ@swgabnédkdﬂoahH»ch @%arg’b@Sarﬂndteaw WUeE gD pPHtbreslst. .S tO

be under st BI 8( }C%atwlasp I%E:L@ 13 ang l§ZO la?so tjerre to as en(argeg b‘ocks) have a narrower -
gap between them than did photoresist blocks 104 and 106. In other words coating t14 -
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, ® 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 to or subsequent to doping with the heavy p-type dopant.
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generi.callyxefer-to—any—patterned shape, including for exanple, rectangul ar
shapes, square shapes or shapes with curved edges. [0068] In the shown
enbodi ment, bl ocks 104 and 106 are formed in physical contact with
insulative material 24. It is to be understood that the invention
enconpasses other 8 WD 2003/019384 PCT/ US2003/ 026906 enbodi nents ( not
shown) wher ewp vaskdasg material 102 is fornmed directly parassemeonducti ve
material of substrate 12 in the absence of insulative layer 24 to result in

bl acks th e hysj.cal | y agai ns ubstrate 12. [0069 110 extends
bet ween pi‘ﬁ%@i ne%gpr?%b scaﬁ’.%ﬁ agtr‘i’&pefé’ﬁheé'ﬁﬁ AFesRe ARJRR Lr@ %pfF?Bh"l‘ boyh upper
surface 1d6D°Offor aiswt atminete rmtaeou'uta& mitvitds s prefepathe tlomi dboLitn1 gaiputd 16 .abol®at t er ned

o ook, 10l A0 -HERR IR LS RS BYE) fbdS F A0St v
enbodi ment[8079hvi Refeming tor Figal8, m@nalfs oo2anll 114 (Big. Abse rereved fromypeer sDYstiateot

shown) , ppg ter ned bl ocks 104 and 106 can cover a first portion of substrate !

12 and | eave a second portion of the substrate material uncovered. [0070]
Ref er ri ng [0@B0Fi gTheq pregent damenting dandadventpggonslyl fore dogsdt pasketedgiphothat @ st

bl ocks 10&W&J3Fit_h;9§an BRSEc¥h bRy mgﬁ;@tolﬁ%@rﬁbmpr&e@s@&‘éﬁﬁé Seclf Fﬂgtﬁ some of

the portion of insulative mterial I's exposed” between ks 104

and 106, ehteregistiinsks pRtANk S Eigrehereccopedesed &g be a* clop tafoanathepds i on of

i nzul ati vgoggmteew @bafidular@haboiithchrdphit pateminGBir6ebdllthdt HBEeskNgf tRNMERRESI St ,
and I n par

N

ti |.i cation corre nds desi gnat ed asAZ
R200T" S’]‘V‘(ﬂ% #4)%‘{&@ ﬁaﬁi‘f'?‘gﬂ%‘f maE‘E"@p Vﬁganﬂﬂ?o (é'gp ‘éfl'?fhgrleyc 10865 nst
ph?)t or esi &geménﬁmm%eaaw:emﬁqy pmmdhograwlﬁsmMs;gg alofe. ﬂmtdmlidr &lordshif g canI be
se ective f p n. 11 i nsul,a terla
24, while {O ng m'ﬁaﬂy ﬁ’er eéeﬁao ?hg'%?%g?g#é st ?Chﬁv%%?gyl%’ﬁé?h% [ 0071]
| N one asprecessing, themtneﬁmtwrovf coetmtﬂﬁgwaﬂﬁeqtiwly exipoaudtbe tf@turhetzrmf gap al
desi gnat eghq ﬁsbé%v R gn@%le\/%l&%fu?éjf@&r B per aﬂa? @HbB&HSénthth@ reduced

sem conducti ve waf er, I S subsequent ted that AZ

R200TM i swigthgfgae 1 Hh%eéwe%@kﬁ 418 and42p can ae 'B?Setf"éff atﬁqealtt@ apayhbeitthe wma
e oL BENOLEE ULy 070 BRGS0 GBI NI 1L o
D OOe LT o Lk R o SO el pr SR S oL
process Ofnshlbtﬁlepﬂﬂér%mm IOt shdWrYNsueh niEuiatesiajed roah g farmeahgiep thesiedbvaiess. 102
and phot ol |t RO BPRL LAk MoRh QGREF NG dEldrass 1n a separate "bow * or,

[0082) In embodiments of the invention having doped channel regions (not shown) -
underiying gate stacks 22 (Fig. 1) wherein the channel regions are doped only with non-heavy
p-type dopants, such channel! regions caﬁ be formed by implanting dopant into the appropriate
areas of the substrate after removal of materials 102 and 114, Alternatively, such channels can
be formed prior to formation of layer 102. Formation of such channel regions can comprise
implanting boron to a concentration of from about 5x 10" atoms/cm® to about 9 x 10"
atoms/cm®.

[0083]) Referring to Fig. 9, mass 124 is formed over insulative layer 24. Mass 124 can be
undoped as initially depasited, 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 pattem by, for example, photolithographic processing. Masking material
126 covers a portion of construction 10 where stack 36 is ultimately to be formed while leaving
other portions of construction 10 uncovered.

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

is implanted inta portions of material 124 (Fig. 9) which are not covered by mask 126. Such
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chanber—fromttat—utttized—durimg formati on of coating 114. [0072] After
coating 114 is fornmed, 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 RROOTM and crosslink the |ayer of
AZ R200TM across resist blocks 104 and 106. The crosslinking can bond the
coating to bl vekmod@43sand 106 and/or formthe coating i@ Re8edocti ghtly
adhered with bl ocks 104 and 106. The material designated as AZ RROOTM i s

but one materi al ch can be utilized in nmethodol ogy of the present

i nventi on. °°@1§ﬁ§§r‘herfﬁ?t§‘i‘4‘ Ap4to mieriah2Ss dpopart 12é cgn ersvrmispriog¥A@plE. t-typp Henapt esi st
bl ocks 1 Qéuoarué 3p1qe§ar@wus e ardeiis). zﬂiobaﬂ Ray cxeby plofided ¢ ftﬁa B&cBhttafibn Bestiigat ed as

AZ R200TM f to Fi ting 114 d t t
i ch sel ot 1 GRpTREDy &ne (WAL AT FyideRof BORBRH 0Bl oToR0uRd ABE vhi e

| eaving a dttayaa‘cmactfs abdsmsaaa%‘lamsmgﬁj nst bI ocks 104 and 106. In applications

in which t at R200 ch re acc | i shed
by exposi ng&s?gﬁl %ﬁ%ﬂ g’r%’ ﬁgtrﬁ%‘f’?c{?la T@' ! éjéf‘nregt?ﬁfa d§%‘ﬁ?f?$

2004/ 0193ammmmcgsmawoss askngi rsatergal mémodomptlse fuekamgé, Lﬁhbml‘eseﬁn

sel ecti vel ,0S k co t 114, sui tabl e
aqueous su%fja&t fo %ﬁt:&)rﬁﬁl §'1'°It‘”ﬁe§aqrr’§ﬁ‘ r’? f?'n W& Eﬁtﬂﬁ’%ﬂlﬁmﬁe S by
d ari ant IMaSé;(mgamathman?B tavers domeagption i comsitrsction MAiwtile AedviRg @00 HToni vehere
utilized, %Rf%?mfmﬂy%fgﬁ%d%&g%w ed to a so-called hard bake at a

tenperature 0 roma out 140C after renoval of the
non- cross| 10880 raderanai29 sumplapiad dnte srRestraetiont @ BYd apscifigally is amplawded into

crosslink gaRnoef mamm @54 gx?gatg) hichldre r&mmmb@mgmzbl O&Jeﬁ &Rﬂeneraﬁé 106.
(0074] The coatin i ni nggar ound phot oresi st bl ock can

consi der ed"?t6"a4 &g gﬁ?”ﬁ' 4% ePS'?ﬂfl‘t HeR W’W‘Eﬁe @Rt PRA%te %P@?%Y'Iyyty%fﬁ\i%ﬂf%lt%eyond

edges of tdwpatheorresther dbdaptkag cdpee inpiaheddl tp,a tdicefte@bh Geafel thanvex 102
phot or esi st bI oc}< 104 defines lateral edge 116 which extends laterally
outward beJ¥AY T at er al edge 105 of block 104, and al so defines a top edge
115 whi ch [e08BENds pattieviat appliedtioys atask €26 {Eigt a)pc&rdge ell@inateti, bhd>dbpahPD427
Simlarly, C [ 9& 119
whi ch ext eﬂ%gﬁﬁeg& gér g'f]fgnt}&ﬁ?ﬁﬁ/aér?%g/%ﬁ ?%]SQ'I% §1§§< 13281 b% ?A r't‘)‘?%ck 106,
and f urt hedopartriidiimplanted atopcandeydratianzhigiier mnutbat@f émt b??aley debantd28 ban t op
edge 111 %eﬂph@ichvew&,enmw He fdagﬁtorze%wn She& BAoRBE rbbiEn SPEIHsRGid 4

sur r oundi n_?o hot or esi st bl ock
to form doped materials 40 and 206,

[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 pattemed 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 transferring 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.

[0092] Another 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 channe}
| 12



t ogether ~defrme~amaskimng HBIock which is enlarged and | aterally w der than
was photoresist block 104. Al so, photoresist block 106 and the coating 114
surroundi ng such photoresist block together define a masking block 120
which is enlarged and | ateral.ly wider. than photoresist. block 106. Maski ng
bl ocks 118 and 120 (also referred to as enlarged bl ocks) have a narrower-
gap between t WoRVRHAMSHI d phot or esi st bl ocks 104 and 106pci/os20d3vesosnor ds
coating 114 narrows gap 110 to reduce a dinension of such gap. [0076]

Referring to Fi ant 1 | anted rel ative to construction 10,
Maski ng W@E?Egﬁ‘ﬁ"‘%ﬁﬁnsfgﬁ gﬁeﬁ E% hgp 'a"r?f’k"]‘f‘??r‘ﬂnﬁégﬁﬁgﬂﬁﬁ?%ms‘? nto the
bl ocked ragjlamnsofomeavanmeratomscsncm@s oh exaumpd, dadivenl nm@ammlmmlﬁﬁmﬂ&s tO a
region Wi S Fi t.i mat el

f or ned. 9%1 Qrﬂ% on%n?sy %gdz\ﬁ?(;%rr" grs}hea %gepgé‘dm c%%grto U?lc}é'bq %ﬁ"n%@% ?KB?M]

Fig. 7. Deqldﬁdmpltycdiceied rwstj,)l asedmdhatype dapatit Fsucto s efop @rample, bayort. het na’nrb@wed

wi dth of ﬁeantlna;gous[tgoﬂie [u‘?t{ r baﬁt érﬂs tvﬁthi'rzu 9 bopcm g@p%ﬁ”éhaﬂ!gﬁogﬁ& %ﬁrrpri S€

a single type opan Indi umor can C eavy
p-type dobmstcarﬂgwaeﬁ tadigcrepeenthie Opﬂqey‘tﬁ%t'od@éémon ulizeth Iraﬁw dhamned segiopl &or bor on.

Al though Eigsy ﬁaﬂsiode%o biGhe B@Eél‘ﬁtldv@ﬁhoﬂfwrﬁ%ﬂﬁglaﬂﬁé?Iggékeﬁlﬁe%l&ﬁ45%ﬁd@ﬁ

utilizing a sin ing step, is to be rsfo resent
i nvent i ona'ee‘m?@ﬁ’ﬁﬁé%ég‘ e engentialion Rbtsem mbeits! X HGt atemelam) to atiek Bk A0t wo or

nor e i npl a@kisiReh’ SheBsrombde uﬂl’ideh'nrltﬂéi cﬁa?mbne@an&amn@ﬂ{ abidf pxwgheﬂxséﬁ? For
exanpl e, a non- heay,

h as n for exanple can
i mpl ant ed 3008t 2% s (S 'ng'y 5?6”??“? Fr’-'?f’gm@? dﬁ?qd(ﬂ? frerg apgjst 3 n@) “c%%ﬂ'?’% o | ayer
114 over phout orxemi’asétoxb&/mmatl&é meithQ@han‘»\bl 25idAs inviak Vabseéhcs F iederdmeant can

be inplanted after fo tion of enlarged bl ocks 118 and 120 but in an
mdependeﬁ?& &S%B ?ﬁis{tga%ﬁ%‘ﬁ "WYY subsequent to doping with the heavy

p-type dopaodsd) 18 nwhFo4o0ThesRiBd cRETLLIBR 0B 0RG B&scripiOnB] reBopaeto FId2 can be

t ted f
S vt o Tl YOSRG s R FIDSAIR e SET OB, 0008 Cor
m nut es. Aescribet poavecn rglefrane tC.LZQT"@hW ot ther F'GuﬁIQ‘?QStf‘-@erWOG‘p'“BPS@hdheI n an

I ndepende 'ﬂﬁbﬁlﬁ& Riternthe %%wﬁ@fgeitédsn gRémeE g}ltla%Ltonﬁé {9, dafer LOkstddn 1d4s (Fi 0.

5) are renoved from over substrate resent i.nvention can

. he
advant ageewryatfaara#?raa%@rﬁfsamstwg% Fide Figy & Masking material 102 (Fig. 2)

can be patterned utilizing suitable photolithographic processes to form spaced blocks:203, 204,
206 and 208. Gaps 210 extend between patterned blocks 203 and 204, between pattemed
blacks 204 and 206, and between patterned blacks 206 and 208. In the shown embodiment,
an upper surface 212 of insulative layer 24 is exposed within gaps 210. Altematively, 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 material 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.

[0097] 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



narTower than can be acconpli shed utilizing photolithographic processing

al one. Specifically, if photoresist blocks 104 and 106 (Fig. 3) are
considered to be as close to one another as is possible by a particular
phot ol i t hographi ¢ patterning process, then processing of the present"

i nvention has effectively defined new naski ng bl ocks 118 and 120 (Fig. 5)

whi ch are cl osweo 2000/o988sher t han coul d be achi eved by photrgriusixogiomgaigi C
processing alone. In other words, if gap 110 was initially forned to have a
m ni mum feature size achi evabl e by photolithographic . processing, then the

for mati on SRMEEaPeAY AccArdngy., E‘f‘*@k’?g'%l"? 46:30d 48 &1 A inmriantash withgndium iftheyap

110 to bel é?dyeﬁd%eofmdakcmaﬁé?kﬁb’raéﬂn%uﬁ@@ﬁwugly%Zlﬂplarﬁt@d WRh lofm@imeRROo[E ment s,
t he reduced h of bet Wegg bl ocks 118 and gﬁo can be less than or

] O SomPlen hp: FERRY Eel GHO 5 CATGRaSEE b areibelise SeFTRRANERAVDY | or

to the for mhiuewy ohdetiizaisolagorl hidvicd B88(Fg. Im)eanwdnetmaew\b@ik@ﬂ feglony 85 isl02 was
fornmed over sy [

t | 2 t
shown), su 4osh aHtSqJY 5?'%7&" f°§9t8$ wétgﬁ %Q‘#‘Bﬁr‘&?&"af?‘ W !ﬁ\)/{gnt@ﬁ{‘;;%sgqﬁemrb” al s
102 and 11tﬁaqsrstoordayme sUbgEguenL plimietysichapnel PAka] rdgioreddoctmeepdngs ab 4 he
i ti : t tack
22" (Fi o 1UEaRafLy §fted ARG WRh AMRatrdPleall s YR YRRt '
p-type dopédavice 16gkigt4bhannel regi ons can be formed by inplanting dopant into
th i t f d
e “8P; cPaipsy, SRSt el b sgpAe ol BTSSR BBl )
102. For rratshaanﬁldegl@nscma&:wami@erl@ dgyiesssi4cand &;rqartb%eorresmm fegign tbsneath t o a

concentr at ls&dePlfdean:QGS ahfaHt.noépéhded%pﬁb %sltrsafr% ihfepBRant frgmmna«%% / cnB.
[ 0083] Ref errl ng to Fi nass IS formed over 1nsulative x
Mass 124 cid? pedch d?ﬂ?@%&?"ﬁ%‘ei’ PR P%ﬂ“f V‘%é%m?t@ﬂ of gsish Plogksaft; 3%‘1 & and be in

situ d0pedzoa (F:gt %) o8 BaSccapsfter foihation of theBatierdeddedist BIRRORLA Priorad cbrmstmrodl ngly

(o 1) Pieme] oRdS ALl 2R aeRerb el | Dt e npredrdet dophacan 124,
and such bbmkafterfmunétuoomﬁerﬂérgedamsskm&locwzﬂm MY, 230 @di 224 inlabtindspendaptigtep Se,
for exanpl ﬁr‘ic{quh ﬁﬁs%abeﬁ-{t] &Rﬂﬁ%u&%ﬁmi ormed into the shown pattern by, for

exanpl e, I'c processing.” Masking material 126 covers a
portion of [6Ra9% t rﬁ@uatwn of hdivhrecan cotmptide BBt procagking amdescribadobiowe. f Brefesablywhi | e

| eaving tngﬁrn BREdidCfSmOthe i%étﬁ’é@&r'n Gl 1% eurwdm«aﬁ@%b&@%@ wﬁ%%cr Ihg to
Fig. 10, a £'7|S|rrp | anted” 1 nto construction 10, ecifically
embod\ments having boron additionally implanted, indium doped pockets 45 an 47 can be -
sub-regions of larger channel regions formed by boron diffusion. In preferred-embodiments; 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. 1t can be advantageous to provide indium within channel pocket regions associated with
transistor devices to altow a lower concentration of boron or other p-type dopant to be utilized in
the channel region, thereby decreasing the amount of dopant that can diffuse foward 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, boron, utilized in the channel region can assist in decreasing
leakage.

[0101] Fig. 21 shows an altemnative 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



| S—-rpl-ant-ed—i-nto—~porttons—of—material 124 (Fig. 9) which are not covered by
mask 126. Such 11 WD 2004/019384 PCT/ US2003/ 026906 converts the materi al
124 to material 26. Dopant 127 can conprise, for exanple, n-type dopant
(such as phosphorous or arsenic). Dopant 127 can be provided to a
concentration of at least 1 x 1020 atons/cnB, and typically is provided to
a concentr at i WR 20664/01938%m about 1 x 1020 atons/cnB to aboaTNEE200301k20%

atons/ cnB. [0086] Referri ng to Fig. 11, nmasking material 126 is renoved and

repl aced not her. . 128. sking materjal 128
caP\ corrprf?g'gfj1 y dppgd with] F'B %ﬁ?ﬁf%@ﬁbg‘ﬁ 1n§91 atB'QF(C'Bg ”PB%I‘Q’B '?l’t‘i?”itwgl"‘é‘ﬁom
pattern byf trfemreseutatmaln&on pdvirigad hghtmgusmgrmm{nppmﬁxm!angpbsed\zhsit{ldaﬂedrtw‘cvm Jeati al : 12E
covers sone i L eav .a_portijon er st ac
S Teun o R SoictnBviee 5 W Ehal ol A ichBoieE A it PR bR BIREHE . o

into const(dlsmlsssedrabm&) anvilldpeoddrstoed thythose of amginarytsaill in the art, qoasttuctiors! 0odf

material Iod ARl pe Ry 2{1949 L&gaﬁg{]?\ nggh&evcﬁfgcs&emtméremém éggwéwt? ks the

material to materi al can conpri se an opposi te condu rvity
type rel atmmbtne@mm@mtlvgmhotommgrm,ﬂtc patieping tof 1mmsmngbmaien¢| HatEY. 2b a

concent r atd, an 4real g%ﬁe?rﬂﬁ’dé ?"PJ’&Z '°ﬁ§ é‘éU&t ‘90‘%%%1‘25’h5’"§% &‘If%%l 1 ant ed

applications mask can m nat e
into an ergatien §f tigpsisiert davicas 14 and G@W@"e wyering, fhes glasatof e wﬁ@wtelmlm

be-f or med t@@g}eag,gmmgve;,@,ggygﬁagg@tsggt,@tde@,c@@glcentratl on higher than that of
dopant 127. The opant can hen effectivel éﬁoverv\,hel m t he dopant 127

wi thin expl888l ( fihPHENSFesAtpmisondsctas SARstriglion i'B gncortpagssdily ranp e regect

materi al s oﬂ%eaﬁrese%ﬁmvérﬁi889]cdﬂemndsn mg atsoshE\mg in £, 27Bsaki BrOfofimdeh) a&tuo&£8 (Fig.
11) is renoved: nstryction 10,

di scussed PROFEHRNT %é@ﬁew 't'é’ﬁﬂ g%mr e§‘§'b§(i‘ {Jﬁg rg%re”ﬁ%f%f°rm‘”fr9r3?%lc°@gf'fﬁl9l]nds
and/ or metshbwmainlFig, 92. Aﬂdhdvayueﬁg%z chleagiaope iobthe auurceferulnaéglm 3udregensih such

Fro. 15, apiunendld P SaRbite' SRl BiioR, o Phulbl el Sxoh? g eeBeliy "9 °
40 of Fig. soﬂx@e/d@mcfaglprafaribembmgaﬂ)em dseocietesiogae Hevieedidyp. fatensimanggions SDor.mi ng
Doy cr i 2GR e FRBKLR L Biof7Se HIR LBESpBpdiniRg L
et chi ng cortengs tb\ﬁ dull width of an overlying spacer 32. Alternatlvely the extensions can extend the

source/drain region to less than the full spacer width beneath the corresponding device, or can

extend the source/drain region partially beneath gate stack 22. : :

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

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/em? and can additionally comprise boron at the
concentrations set forth above with respect to the semiconductor construction shown in Fig. 14.
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[ 009TI]The stacks 2Z and 36 can be incorporated into the constructions of
Fig. | by formng source/drain regions 34 (shown in Fig. 1) within
substrate 12, and form ng sidewall spacers 32 (shown in Fig. 1).
Source/drain regions 34 preferably can be fornmed to-extend beneath sidewall
spacers 32 of the of the corresponding transistor device 14 and 16 or

i sol ati on deviw@2008®9384 t hout extendi ng beneath the corr aegpamsdiosigeslback 22
or 36. [0092] Another application of the invention is described with
reference to Figs. 14-20, Sim|lar nunbering will be utilized in describing
Figs. 14- 24943 wAsmglbad oLionliaa the pasiruclian 41 §19- B2 fsdesarived Withasferensde bigsi at e.

[ g093] _ Coggi-zucméfaﬂnglﬁ Fid @8Nsuch ilfustateslfirtbapravesamg 6fey @nktr@tion Sigildreatndl es
shown in Fi

.1, _and can additjonally comrise one or hoth of channel
pocket i rrp?@ﬁ’f’éﬁ 12 é‘ﬁﬂ"%g°\fﬁ°?qﬁch°'b aﬂ&eﬁapé@? ‘Vﬁs’ﬂf%ﬁ’) 81 '5%21"65' A masking
PCT/ US2003h6t264 04 is feaged oger cordseuttionrQ ahd Bpaitaheal to gapae poaioksof b subktamnel

pocket regions 45 a 47 n co i.se .inplants .of av - e atons, such
as, for ex?ﬂ%ﬁaé,“g‘ %g‘d%ﬁ% bifﬁ-nepcgp{g?éﬂfe rOfg[ﬁ% sgqr r?éwf%s, P‘FW%}&%) @%@W@@£ﬁl ons 45
and 47 andiMheart ccompsseo nidi nexasipler quhotbrasit; cimhwah be gaattemued batiliziagl diutabtenal |y

doped with D= dopant such as, for exanple, boron. It can be

advant ageo%@tc?@(a@?ﬁ'é)géyﬁgg%ﬁ'um pocket inplants within a boron doped channel

regi on of [0108hsiAdenantdif sdvplpoied eglatve decansuction d@and arine rexiefisidnoregians

utilized i LHANAGE Fla€gh Oh 76 & lard rhodi esent
59 bAPsLARIAT Flg 9400 &f"176 4759 aﬁbﬁ@%@ﬁp@ﬁ{tgﬁ%ﬁ

i nvention wherel n channel” pocket regions 4 ] 0 an
i ndi um conbtiRdl atlizeg fas formingrhaigoiptplants rRlativerto aaatavs It regions $Qtand 53 diffen 3

at ons/ cnB, fdrheypRar fdb Mshts! Howkveddini atl iMPIaRd TONHa $28b @Bt fomAl Peing Srapedbout 1
x 1012 atons/cnB  to about 2 x 1012 atons/cn8 relative to é%%l cal baron
dosed of fPBIFUELYRE dgpant ﬁ)T”p‘aé‘fm%b?ﬁSWeos'deandUﬁ cqrrespansing MRS PeSiBhat ar e

utilized i side bethe ghte bRy Gitkéd by Masirigsaatesal af4.t Depshandehn capsisebs-ifpe and 47
of the presgent ipvegeti (?n. I_|£0.094% A me ho% fo; ‘ffgr rri.rgﬂ,the construction of
Fig. 14 i s9QP20tan BRIty SPmrlipes 2 AcRYY PoyPROgRaNt sUB a5 idium,  warieral , the met hods
utilized irfofoy m Thg $dmdcandncor caxistroatios lsbown iMFigi @4 lehnclen fldthem procebsed to bed
above in r%@n%@ggfo?orés?stin%éﬁ%ﬂ%n% Lhe hF'c%str&ﬁ‘aﬁ@ﬁMnUsSHg‘? ,combined w th

g [ er na eps. Re

the follown _ At ve proce55|ngts ' erring mitially to Fig. 15,
waf er, cond@ta8tt i g 2bdlustsates A gomicandugtar ednstayciien 10 enqompasssdibignetbeigepect

subsequent o e bieGent ZweltRA KdnB il PREEICHIEG s sirfilad nudbering @2 VAR R84 bislvB Gy
utilizing suitable photolithographic processes to form spaced bl ocks' 203,
204, Figs. 1-24 where appropriate. The -construction- 10 shown in Fig. 25 is' similar to the

construction Mustrated in Fig: 22 with an exception being the presence of a.shallow trench
isolation region 54 in place of the isolation device 38 (Fig. 14). o

[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 pattemed 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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206~and—208—Gaps—210-extend bet ween patterned bl ocks 203 and 204, between
patterned bl ocks 204 and 206, and between patterned bl ocks 206 and 2011. In
t he shown enbodi ment, an upper surface 212 of insulative layer 24 is
exposed within gaps 210 Alternatively, patterned blocks 203, 204, 206 and
208 can be forned in the absence of layer 24 (not shown) and upper surface
212 can conpri¥@2@44Etconductive material of substrate 1ECT/YRQY8IRef erri ng
to Fig. 16, coating 114 is forned over patterned photoreS| st bl ocks 203,

204, 206 aggw 1%?8 ’ In %98“1 t{phh&at%»@? %egc}lg?dnébr’%og{rfe%%s ﬁ%qn 'ﬁ) %Iu i ?Eﬂ élied' can

be sel ecti rom ween erne i
t hereby f oprmmgeSt ﬂqe fm@mcm&i cgmpsct:omo Aasexsmglm methFd of folrﬁlng Imcqnatructmul ar

enbodi nment out %HWhW%ﬁ' %9%1‘«9&%&8% ﬁ%@f%tzgat is less than or

equal to a e gaps prior ornmation of coating 114.
As additi doHi2l y Referdng ith Figi g6 qnzlmt@bﬁf@mcpn/éomerrs@mpomngc@éayemgf diglgctican f or m

enl ar ged bhﬁféhﬁ 23§-§ver w%&@twe%&er?d“ 64,2 AllerndtiGay @ele@ﬁlf:‘fé’y'é} 2‘(92 & bE'dgstﬂtgﬂ orft

dopant 122 is |n? anted I nto _construction 10, specifically "is 1nplanted
i nto porti SHPsrale 12 AN FogpRee10 apiseiAtiverlyenaid 'BW'V%H‘aEﬂV'ah?ésq@n@P@&{'@ e, 219,

220 and 2@ daih@&%ﬁé pB@é@f rSod@eldeait-tegions 84 catoRABrbseh? gridritd Bepotitg disiedtiid! ant ed
to form channel ons 4 nd 47, and pocket ion 46. Such pocket
regi ons halféergY %\F?ﬁ W@é’f F'gg%s AR gedymed ﬂ@'”ﬁfﬂ?rﬁer 8?teﬁ‘§f“|ag%d gap 210, As
dims)cg;ssed qopnap, Dielpetrit rﬂélénatmzcoairprblespamﬂﬁ!itltm @Blfi/ehfbnapmdmodw fUch as

enbodi nment s itio conpy,l se a I,0 -type dopan uch as
For 13 WoPUONPg e i i RO 38 588 o e s o ralS sBRBRRRAE R
pocket regk@beinfsepdBGiteing al gam aRelevablepdpacere d08\edrhbe fodhemalbmg simvalleP®ence of
addi ti onal t and,
for bxarrpf'?uoaﬁéc:rﬁemof)%ﬁgééé%ﬁwggﬁl%%& dgé?%%?& dby é%og%rgegl%g} t he
substrat e e#fritdial waterial weamsmw@a"ma@ng fhe spesifialtmaeri ladi eSvasersP98 paiedateral) .

Doped chan @é’des@QQ léﬁa zﬁe%é@@rééeﬂasatecﬁgpﬁtn@ném %ab efiild & h¥ distmdd Sewidd hin a
channel region th eve associated with transistor device 14

(P g 14) < Sepwath 254 910 e EpPast A (TRCEGFoACYP) TP BGGR RINE & sonsirucion
subst anti ahd Yo eenbelpet potRet @GO 21Vas Bhownan Flzaane Dopegpeuket ragibn M4 has a

e e L L NN Gl

{0114} Refemng to Fig. 27, spacers 208 are removed and a layer. of polysilicon 214 js -
conformally deposited over construction 10 and along sidewalls 204 and 206: A gate-electrode
material 216, such as WN/W or other compositions comprising a metal and/or metal nitride, can
be deposited over polysilicon fayer as shown in Fig. 28. R : e
[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 208. 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.

[0416] 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.

[01171 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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channel regions that wll underlie devices 14 and 16, or the correspondi ng
regi on beneath isolation device 38, in an independent doping step that is

i ndependent from i nplanting dopant 122. Such independent step can occur
prior to formati on of resist blocks 203, 204, 206 and 208 (Fig. 15) or can
occur after formation of the patterned resist blocks but prior to formation
of enlarged blocks 218, 219, 220 and 221 (Fig. 17). Alternatively, the

i ndependent dopi ng can occur after formation of enlarged nasking bl ocks
218, 219, 220 and 221 in an independent step prior to or subsequent to

i ndi um i npl ant clams: [ 0099] Activation of indiumcan conprise heat processing

as descri bed above. Preferably, indiumdiffusion fromthe pocket region
into the surrounding substrate is mnimzed.. In enbodi nents havi ng boron

addi tionally inplanted, indiumdoped pockets 45 and 47 can be sub-regions
of larger channel régi orfsSEMIGRBEUYYT BRISTHCIAN FAMRIEHMNI I n pref err ed
-enbodi nents, - the. doped pockets 45, 46, and 47 remain narrower than wi dth
of the overlying. stack. ,a {igldpfect tearisitor compidingengaie stdnk difphsdedaivet he
pockets will remain about the width of narrowed gap. [0100] Referring to
Fig. 20, masking bllowks d?p8d cBdfnel 2&fomhdvil@ an areegsesitey edd Bn@pposieg
substrate 112. Sem conductor construction 10, as shown in Fig. 20, can then
be processed as dilsitinesetk: above (Figs. 10-13 and corresponding text) to
formthe constructions shown in Fig. 14. It can be advantageous to provide
i ndi umwi thin channel pogkes.rdfich ARRNAS 8O AkRHa Webty plty b SdRbispeYefFes to
allow a | ower concentration of  boron or other p-type dopant to be utilized
in the channel regj D i t ean
WQMnrtgggﬁ%ﬁ%é F’ﬁ&? .doﬁgewg%mlfﬁén ﬁwfe %‘RP&Q of még]_iu{jg\ge

di ffuse toward the 'sto ncti concentration

dopants at or surro ! : [ ode junction can increase charge

| eakage. Accordi ng|§’f}g&8§?@%§é ﬁat%gﬁacgﬁmunt of high diffusivity dopant such
as, for exanple, boron, utilized in the channel region, can assigt in
decreasing |eakage. [01DRF" ?F@‘?“rﬁ/d%&@'% %PP@P%QM%%J@@%@%GEN or
construction 10 that can be formed utilizing nethods of the present

i nvention. The consYaNR$PHRNSIOME $HIEg/grainredions hsdng erHig acoess sidetand
construction shown in Fig. 14 with an exception being the absence of the
pocket inplant regiherotieiciaured/digin wgicatierny deihedztlisg sidal efiibefjeldafigeb 1
depicts a conpl ete absence of pocket inplant beneath the isol ation device,

the invention enconpass&sr devisd;randt i ons havi ng a pocket 14 WO 2004/ 019384
PCT/ US2003/ 026906

an indium implant associated with only one of the pair of

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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lightly doped wth indium(i.e. |ess than about 1x1012 atons/cm, not
shown). In constructions of the present invention having a lightly doped
i ndi um pocket or an absence of doped pocket beneath isolation device 38,
the isolation device can conprise a majority p-type doped | ayer 40

(di scussed above). As will be understood by those of ordinary skill in the
art, construction 10 of Fig. 21 can be forned utilizing the nethods

di scussed with reference to Figs. 15-20 above conbined with alternative
phot ol i t hographi ¢ patterning of the masking material 102 (Fig. 2). Such
alternate patterning caheexppsenhEdbPBaaiudibe St BSIh S SufaEienonding to

the eventual |ocation of transis evices 14 16 whiTe covering other
areas of the t Iudln the ar ea tha 1ol eﬁlle
"ol aton devidetub Foribietey MuhtBnBETRubdet st e A e BRER uct i on
10 enconpasse ot hgy aspect, of the present invention. Construction 10,
as shown in Fqgﬁ%?ggX6Qh£B ”%g?mkd by optional processing steps in addition
to those described with reference to formng the construction shown in Fig.
14. As shown in Fig. 22, at |east some of the sourceldrain regions 34
present in construction 10 can conpri se extension regions 50, 52 which can
extend the associ at ed 'Bwu*nﬁp@mhmﬁnm@gsmmnmaﬁln@ﬁnﬁewyaemtaasabﬁ@momted
gate device 14, 16. Extension regions 50 and 52 can extend the associ ated
sour ce/ drai n isegyibetangdllyseertered atlativeetostbaogerydng@gaterstagkon ext ends the ful |

wi dth of an overlying spacer 32. Alternatively, the extensions can extend
the source/drain region to less than the full spacer w dth beneath the
correspondi ng device, or can extend the source/drain region partially

beneath gate stacks22. 4 Qé.,g@bng@btg,aédﬂsgué@yn @ingents, source/drain
regions 34 can be majority doped with n- type dopant, and extension regions

50 and 52 can be mgb&ﬁkbégg nggﬁ%%naa p-type dopant. 'In preferred
nd

enbodi ments, extensions 2 can conprise a heavy p-type dopant such

as, for exanple, #;b UG A0k RRRE DB LY TGRS SRt QOB dykhe

ext ensi ons can be n1ab 0 abou ns/ch.

[0104] As shown in. uc ion 10 .conprisi.n
bourcel drain . BaGiR oS StpsTEE. B Corih Bhydeathes flzyaBa fewoasBamtnidia
beneat h only one of the pair of sidewalls 32 associated with a given stack
22. In other wirdgpestdrRaMoAnpl ants 50, 52 can be provided on a single
side of a corresponding transistor device 14, 16. Preferably, as shown in
Fig. 22, extensiond !S0sistdd snsiivetipr ovedée §hb§1r8(§$1 Hiet trepsistac tcospidestionf
gates 14 and 26 and are absent fromthe source/drain region on the opposing
storage node sicdegrishgt he gates. It
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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can be advantageous to utilize indiuminplant extensions of source/drain
regions associated wth bit contact sides of transistor devices 14 and 16
to allow a reduction in the amount of indiumutilized in channel pocket
inmplants 45 and 47. In the presence of extensions 50 and 52, pocket channel
regions 45 and 47 can conprise an indiumconcentration of from about 2 x
1012 atons/cn2 to about 5 x 1012 atons/cnR and can additionally conprise
boron at the concentrations set forth above with respect to the

sem conductor construction shown in Fig. 14. 15 WD 2004/019384

PCT/ US2003/ 026906 [0105] A method of formng the construction of Fig. 22 is
described with reference to Figs. 23-24. Referring to Fig. 23, such
illustrates further SRl foif@ Cdyl S R Lar in
Fig. 14 prior to co%rrqggtl on ({T%ngnd)}@ucsgdgg%}gid&éﬂé%rﬂéslﬂ gpéta?oor‘? pgrs an%icg i ?hrqgs. A
masking materi 4.1 r g n ' . [ o]
expose porti ons%(#)pile[ ﬁghéatfggtcgg%é&\(@h, %%a?aéﬁ}% %gteiv g%”@?gebﬁf&)ﬂ)élz&ggﬂtoéct
sides of transigtor. devices, 14 and 16. Maskin ial, 17 an conprise,
for exanpl e, phmeorﬂé%i side (%gih%gtﬁar}%s?%ratcpg%(t%goﬂﬁaﬁﬁ% rpfngafh g’?) dransistor
phot ol i t hogr aphi ¢ processes. [0106] A dopant 176 is inplanted relative to
construction 10 CS‘E‘I’%”TCHP%e'@QY‘%WS{?‘Sr‘P‘@W%@‘O%@‘ ’eﬂ?ds@?”grﬁb‘%ﬁ]"f hepraysisior.
Dopant 176 can be inplanted using angled inplant techniques typically
utilized for forcaNsigckaNo inplants relative to a gate. |nplant regions 50
and 52 differ fromtypical halo inplants, however, in that inplants 50 and
52 do not forma ring shaped structure since dopant is inplanted only on
one side of the corresponding gate, the opposing side of the gate being

bl ocked by maski ng Tmat erfted selifidon@apemtontifoctmanofaxaipr 6 swheaeip-they fiest tybepafnt
and preferably conprises a heavy p-type dopant such as indium [0107] The
sem conduct or @ep&itlisigh happs BAUhd sedong typddddpant iBea ptypeher processed to
remove photoresist material 174 and to formthe construction shown in Fig:
22. [0108] Fig. 25 illustrates a sem conductor construction 10 enconpassed
by anot her aspect of the present invention and will be described using
simlar nunbering wa : i I QS M’Q;&;;, i he
construction 10 shg§vm i?ﬁg&?@g@&@ég%gin%%lpngog%ﬁhe Cﬁ%@ﬁﬁ%ﬁégﬁﬁ@typ@
illustrated in F g: tzzgﬁ'th an exception being the presence of a.shall ow
trench isolatidg ?%df’ "§% in pl ace of the isolation device 38 (Fig. 14).
[01091 As will be understood by those skilled in the art, construction 10 as
shown in Fig. 25

9. The semiconductor construction of claim 6 wherein the diffusion
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.

11. The semiconductor construction of claim 10 wherein the channel
region additionally comprises boron dopant which extends laterally beyond the

indium dopant.

20



can be fornmed utilizing conventional shallow trench isolation region
formati on conbined wth various nethods of the present invention described
above. Shallow trench region 54 can be forned at an initial processing step
prior to formati on of patternable material 102 (Fig. 2). WMterial 102 can
then be patterned by nethods di scussed above to expose the regions of
substrate while | eaving 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 reg onA s@nebndimskehstrGdtpandmmpiiget s 45 and 47 can then
be formed as descri bed above, followed by formation of the additional

features shown in Fig. 25endifdddctité hix@arsibdte 22 and 25 show i npl ant
extensions 50 and 52 being utilized in conjunction with channel pocket

regions 45 and 47, it '%ﬁr@t%%@g@ér@tt%ﬂﬁstt&%ng L‘?ctfo VR i serfREURAVS €5

enbodi nents wherei n extensions are uti |ze I'n sem conduct or
20041 016384 POLTOLAEEEREREE st b o R R Bt s E R PRl SR8 e ™

enbodi nent s, the i nven udes ene rocess s for formng gate
constructi ons. RPSERe ?"é&gﬁ%&fﬁ%”&?mﬂi hEPH e é%ﬂlgf'gﬁ'&? SigRwalRi1i zing a
darmascene process is descrl bed with reference to Fig 26-29. [0112]
Referring to Fig. 26, af i"al3ndd seeys %W%Wﬁfﬁ‘r'ieg@”d’éﬂb%ﬂ’tq FHPps 31%9‘& of
dielectric material 202 over insulative material 24. Alternatively,

di el ectric | aytst pamigancastiyelwsbeieddsnosesipgivean helfrst andithesgncende of an
insulative layer and insulative material 24 can be grown after the
damascene procexsce/Smin egiehsapirsteyidod shesirstsouroedmiressgginn exteoding o
depositing dielectric |ayer 202 as shown in Fig. 26, or can be forned
during or aft ebergatletHespaaei oma fr kIR ofDhefist transistoat emstaicti@®ang dre be
patterned by conventional methods, - such as photolithography, to form

patterned bl ockscoR@3oane/dam rehivn extael®y Beneanttheisgavad drea?@fpedisy 206 bei ng

separated by a gap. Renpvable spacers 208 can be formed al ong sidewal I's 204
and 206. Remv?é&o‘ﬁd%%‘:&rtﬁe%%Qtr%ﬁé‘is@?c&%tm%ﬁoﬁ .or exanpl e, by depositing a

| ayer of sacrificial material and anisotropically etching the sacrificial

o oS! 3, 208, AL OB AU TES AR
dopant 122 (di geu539%n3R0 2bnbfultiTR'AMEHs SRR elfedPinE RS BHE H O
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 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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10 to forma doped pocket region 212 as shown in Fig. 27. Doped pocket
region 212 has a wdth corresponding to the width between | 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 WNNV or

ot her conpositions conprising a netal and/or netal nitride, can be
deposited over polysilicon |ayer as shown in Fig. 28. . | [0115] Referring
to Fig. 29, a planarization step utilizing for exanple chem cal mechani cal
polishing is peldeastnesfitsosd@eandrdie rediom ainkdzede seftem Shd veddmdesdupoe/draina et al
gate el ectrode 220 as shown. The gate structure can have a gate structure
wi dth correspongdig to the distance between the sidewalls 204 and 206..
Accordingly, doped pocket region 212 can have a width that is |less than the
wi dth of the gate structure and in particul ar enbodi ments, pocket region

112 can conprise a & dt hTh&s@nlibauelor ettatrutnBPWiaikRlh tilteeM dinfbrRingt he

gate structure. [0116] A channel region which underlies the danascene gate

: : q . i . - . D Ol
compr i se- bor on CHa i Do 9% A AREEShT IR lkals ool o dihrife AR af Se048 S Y
36. S -drai ) ' (not . sh i_lized i ' ti ith
the gate and cHATBEN SpranibRGaL EREoAo BB obPeranhf PR e EERIBRONAD been

described in | anguage nore or |ess specific as to structural and nethodi cal
features. It i4"Y9"be understood, however, that the invention is not limted
to the specific features shown and descri bed, since the neans herein
di scl osed conprise preferred fornms of putti n‘gntqe invention into effect.

[

The invention is, thérefthe SeRVGANREAtOr FORSHMY <13iBy 1g fughenBeMPiiYiag ifons

within the proper scope of the appended clains. 17 Clainms: 1. A .

semi conduct or GOREEIRIN Vet Bissegigied avith tedfirst Siget oft thenugh srousesigiainsi ng

a gate stack disposed over a boron doped channel regi on having an access

si de and an oppegomghe lsbuicertEaini edkégnsionsheing dogpeshwilinaciecosd tgeeaf depaht andcheavy

p-type dopant disposed wthin the channel region and extending | ess than

the entirety ofextdnding thehfirsofsiddr@f anerfbyrttngogrtrirsihacigion farther beneath the
second transistor construction; extensions being absent from a second side of

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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a pair of source/drain regions associated with the field effect transistor;
one of the source/drain regions being on the access side and the other
source/drain region being on the bitline side of the field effect

transi stor device; and an indiuminplant associated with only one of the
pair of source/drain regions. 2. The sem conductor construction of claim1l
wherein the indium inplant is associated with the source/drain region on
the bitline side of the field effect transistor. 3. The sem conduct or
construction of claim1 wherein the heavy p- type dopant conprises indium
18 4. The sem conduh or Thensgmicobdwtoroforstractnr3ofablamei 15 tvheraimdhealisolatioped
sub-regi on has an indiumconcentration of fromabout 2 x 1012 atons/cn2 to

about 5 x 1012staicture/comthrises aliiret semuctivedpddmed oatsial separatedofon | asavohd
wherein the sub-region is substantially centered relative to the overlying

gate stack. 6.cohdueficPagpsd Ohaas tiyuahi AleCORRg | FisO@tive am%wﬂaw:on@qur
substrate; a pair of conductively doped diffusion regions within a

serm conduct | veca LT Ahola hifle RBRRLSed ReaiaeRAUCL 18! WiitgEg: dihfist on

regions conprising a first type of transi stor construction

over the subst ygg%]ppé ntdrtﬁréﬁ'l@ats?ﬁ xcqu%@ﬁ% mltrggqg&% &&gﬂ a gate di sposed

bet ween t he pal Fson fegi ons ah ing a opposi ng
sidewal | s; spacers dlsposed al ong the opposing sidewalls, the conductively

cope e on el 18, SB AR RBF SR ot L SO, D

ext ension bei ngo;?anrt'ﬁwlt?\e f%gt conchtwé é)ope% rﬁgtgﬁ dlS H?e of

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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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 conduct or
construction of claim6 wherein the first type of dopant is an n-type and
the second type dopant is a p-type. 8. The sem conductor construction of
claim6 wherein the second type dopant is indium 9. The sem conductor
construction of claim6 sherdhgtHefrsdiffision Ayion @EHteB t6 aginital digtdnbe

di ffusion region extension is associated with a bitline contact. 10. The

sem conduct or GMABLT &k ding Bfe é‘éc@hﬂ‘dﬁfd@'@‘ﬁrréglﬂntﬂﬁé SEidgcorfpippsed over a
doped channel region conprising indium 11. The sem conduct or constructl on

of claim 10 wh dd| tionally conprises boron dopant
fh bﬂt:ﬁq@ hggvﬁgypehé@ﬁ ‘98—1 nd y comp P

whi ch ext ends Ia er al I'um dopant. 20 12. A sem conduct or

econd trang 2?2‘?%%%2 dige R EEePTERI LSl DT hBRL TR aR MieL o1
each of the fi rs{ a ta ﬁi r?g ffr ansi stor constructions having opposing
si dewal |'s wi t h4Pging BE Mg s PV YUY cers al ong the sidewal Is; a first and

a second source/drain region within the substrate, the first transistor
construction being di sposed between the first and the second source/drain
regions, a first end of the first source/drain region extending beneath the
spacer on a first sPtle ofhe neethed of daimin) shereie dne tspaeerisoeprapitse: Acpaseicond
source/drai n region extendi ng beneath the spacer on an opposi ng

width and wherein the initial distance is less than the spacer width.

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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second side of the first transistor construction; a third and a fourth
source/drain region within the substrate, the second transistor
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 regi on extendi ng beneath the spacer on an opposi ng 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 sour gg{odr ahaltwgsém@&hdp%éﬁacmsﬁgawntﬁb.wﬁa énb&ﬁ.fcarse;%eeﬁoﬁ Renfirst

source/drain region, the source/drain extension being doped a second

type of dopa dirst side of the first source/draln
region fart he;1t1h g@gdeg\'ﬁgeﬂ @@l r's transi stor constructi on; extensions being

bsent f d 21 f £i1st
from the second sour col ARG & fgé,{"@h ihg $hr3BEC RPN bﬁ%ﬁ%wﬁﬁ%?rsﬁn o
laim 12 furth | thin th

bencat n_cach of MEFIEN Fr9h HKyS SBeBNl O e Gonie or DCORt Pl ctangRetan MiBdee o

portion of the channel regions being doped with indium 14. The

seni conduct or PBASHTUSIONIT8AI0Bf claim 12 further conprising a source/drain
extension associated with the first side of the fourth source/drain region,
t he source/drain extension being doped with a second type of dopant and
extending the first side of the fourth source/drain region farther beneath
the second transi si6or doesmethodi oinclaex2énsheed thel defirabhs ant isblatiom aegiecond
side of the fourth source/drain region, and absent fromthe third

source/ drain reghgrisesl5. The sem conductor construction of claim 12 further
conprising an isolation structure between the first and second transistor

constructions. 16. The Wmlﬁé?@ddtfbbgrpdéf?é‘tsl’égléﬁtvl/lﬂﬂn e §éicBhddctblsldighte,
conprising a doped pocket region within the sem conductive nmaterial beneath

the 1,501 3l on 8 \oHel WoetPhgbfi88pRsRg e ddiRerliciiangocket eai on being

forming an isolation mass over the substrate and over 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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22 17. The sem conductor construction of claim 15 wherein the isolation
structure conprises a first conductivel y-doped material separated froma
second conductively-doped nmaterial by an intervening insulative material;
the first conductively-doped naterial being doped to at least 1 x 1018
atons/cnB with n- type dopant and to at least 1 x 1018 atons/cnB with p-type
dopant. 18. The sem conductor construction of claim17 wherein a majority
dopant in the first conductively doped material is p-type. 19. The

sem conduct or construction of claim 18 having an absence of any indium

i npl ant beneat h t he2gsol ADFRAMJohbiEldlioR -corprisifgDRAM f or mi ng net hod
conprising: formng a first gate stack and a second gate stack over a

substrate, each gate stgﬁ&t%ﬁ%réegbmgate&@auwé opposi ng si dewal I's;
defining a first, second, third and fourth diffusion regions wlthl n the

substrate; defining an 'f%B{ AL 1 ELRLPRo r{q F'[lsliﬁf)dgaége g{@d@nd t he

second gate stack, the isolafion region eectrlc y 1S0 |ng I'r'st and
second gate st rs aI on
opposi ng i devel ﬁ**f?n%&é)éhﬁ%‘@@* PG, 6 5L % p b Iy BB G oo
regi ons extendin n init aI di st thesace ted W|ththe
first gate st a@ﬂ ﬁ%a Wﬂé’l '?(?ﬂertb o&wﬁctﬁgdpsgga@ Sftrfuﬁgﬁr ii‘ﬁ%@‘ﬁ‘g &E@ﬁ@ﬁ
initial distance under the spacers associated wt the second gate st ack
23 ext endi ng t F8ING;Ip gpted ql?ﬁﬁi’%r?of‘@@‘it@ﬁ Wit the ifeusth Rrdeniecatinn theguaditee ance
wi t hout extending the second diffusion region, the extending conprising
impl anting a héamqogatgpguqt@parﬂach@hﬂweefsawemﬂasgwawm g diffusiondegiposi on regi on
relative to the initial distance without extending the third diffusion
region. 21. Thesswtidted thdrewitai thre 2dfustoarregions hes yated mathaberfirst sed sespacer
nodes each extending under the first gate structure, and the diffusion regions
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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The nmethod of claim 20 wherein each of the diffusion regions are
conductively doped with a first type dopant and wherein the extendi ng
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 extendi ng conprises formng extension regions majority doped
with p-type dopant. 24. The nethod of claim20 wherein the isolation region
conprises a shallow trench isolation region. 25. The nethod of claim 20
further conprising: 29.or nTmgy DRAN! censtauctios et daith 28 pdereionthe omiim iropliaohis;a t he
first capacitor construction being in electrical connection with the second
diffusion 24 rfiegimiumangdahhensactedcoapasing.or construction being in

el ectrical connection with the third diffusion region; and formng a first
bit line contact in electrical connection with the first diffusion region
and a second bit |ine comtsacbnd maikradinbiahd! the cseead iimdiumi infplddiebeitdin the

di ffusion region. 26. The nmethod of claim 20 wherein the defining an

i sol ation regi eifusEARIGIGE a5sdQ4tBH NWittR tKEOPAGHD ABKE tankie ah @) et éddnkihgate,
sem conductor substrate, the doped pocket region conprising a pocket w dth;

d form Hostra | ' _
and tormng an g*h%?élﬁtthé’%ﬂﬁﬁ%o%% M{’%eétﬁgaﬁtéo%gctgﬁwf{h:ét thtife F&Gﬁ{%@ﬁ and_

region, the isolation nass having a total nass w I's greater

compr | ses: a vate stack SuACPRE suoet v PSR Aol |, e, RS g

sidewal I's; a pair. _of insulati spacers, al ong the opposing sidewalls, the
total rmass mﬁ&?%o%éﬁﬂﬁn € M@¥§W%B“@éyﬁ@en outer edges of the pair of
i nsul ative

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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spacers neasured at a surface of the substrate; and wherein the total nass
width is at | east about double the pocket width. 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 electrical connection wth the second node
through the first gate structure, and the third node |ocation being in
gated el ectrical connection with the fourth node | ocation through the

second gate structure; each of the four nodes having a diffusion region
associ ated therew t8]. thHehedifRAMI constregiionsf assioc 28t whensirt leatheoff thesgatand
second nodes each extending under the first gate structure, and the

di ffusion regi emsctuRsseumpised pgdiinighgatt hiidelvardarfduar pdlr 0o desiRne aspdtas
under the second gate structure; an i1solation region between the second and

third nodes, tHRgying i s@MadeRAUION ah@cabénngameygatg%h&etwawg atdaehéu.ﬁq%ut@m@ the
second gate structures from one another; a bit |ine cont act in ectri cal

connection with,k fév('/%} O[B&dﬁ\ &d Sé’t%g'efaeﬁ aRNStiUGH Q&n é%%'iél%&th

connection with t%% SecC apacirtor const I‘UC'[ rrsin

st orage node; i th the
first  node tﬁé"é%@% @%é‘&%ﬂag&é‘?&aﬂ% E?éxe%ﬁatbé%@%%?a@% §”\h¥#&ag t he
first node; bsence of an lant in the djffusion reg
hssoci ated w BhiEHETLS cate RaREOoB LY HIE Btamn el stle: 200 GreEr o 28
wherein the i nd| um| lant is a first indiuminplant and further
conprising: a UGHRN nfEltagk COMPESeR M UEENrAIPSEI &ARNMRLI 1R9IANS t he
di ffusion regi on assom ated with the fourth node and under the second gate,
beneath each of the gate structures, at least a portion of the channel regions

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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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 isolation structure having a
total width, and further conprising a doped pocket beneath the isolation
structure, the doped pocket conprising a wdth that is |less than or equal
to about half a total width of the isolation structure. 27 31, The DRAM
construction of claim 28 wherein each of the gate structures conprises

opposi ng gate sidewabl s Ardnacdmriubtoptondiaitiot torfpafiager s having inside
surfaces al ong and agai nst the gate si dewal | s and having outside surfaces
away from the sidewalls,?28a@HOHIHEOEBYRNBIR ORI iSARIGPNgEte MAEIAL

corresponding to the gr e@?i@%o%ﬁti@@l@?o&ﬁ@@WE@E@QBHW&@W\%Wfaces of the

pair of insulative spacers associ at orrespondi ng gate; and
wherein the DRAMicoasclivechateniaf,urt her conpri ses conductively doped channel

regi ons beneath each of _the te structyres, .at .l east a portjon of the
channel regions being d%ﬁgﬁo'gaa?cﬁ‘q%ﬁ@feﬁwoqer‘?ed'@%sr'?ﬁ‘ W'%W@E‘Pé"%g a width
that is |ess thamiewhdaetivadl matediapBigatirshahd sédoddicohalictveltdopeld difigsigrat e
structure. 32. The DRAM construction of claimof claim31 wherein the indium

in the channel®9iegi 6¥BPIIENGAdE”iYPRe! @PP@Bhcent rati on of from about 2 x 1012
atons/cn2 to about 5 x 1Q§§iea§tﬂ.f@ﬂr6’§%soc3§{edmtEBﬁ‘Mt%HH%EE&? Biﬂ‘ﬂﬂ@ﬁ cl ai m of
e 'y doped wit

claim 31 wherein the chan regi ons are additional oron. 34
The DRAM congegiaes;iand of claimof claim28 wherein the indium wthin the

indiuminplant is presen - ntrati .

atons/cn? to about 3 x 1%&%8'5@8'%? %ﬁ@ﬁ eg%'ngngp%%sé%%%@ﬁ@ﬂ&@ﬁec%\ﬁ%tﬁrami on

conprising: a seaerensioscompsisipgta sEcend oyperdf sopantaartiesntendiay aid firet mat eri al ;
diffusion region farther beneath the gate structure relative to the second diffusion

region.

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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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 diffusion regions; and one diffusion region extension
associated with the gate structure, the extension conprising a second type
of dopant and extending the first diffusion region farther beneath the gate
structure relative to the second diffusion region. 36. The sem conduct or
construction of cl a4l 35Thaeeaigpnduetor perstruciigreoioflaint®paherdis thengatet ype and

the second typ i Al ] dyct o Lon of
cl ai m 35 wher ei rtll%'fo' ﬁ@éqsse%:ﬁrnsgggkey%@%&rgég%gﬂ&eig%ﬁﬁggg%ﬁé’c@ggﬁ Eé(’)%@% n, TI
and Ga. 38. Thesdeatvrcstnaiuredretwedsthelftétiana setoed gaterstucwhesein the first
diffusion region is associated with a bitline contact. 39. The sem conduct or
construction of claim35 further conprising a channel region associated
with the gate structure, at |east a portion of the channel regions being
doped with a heavy p-type dopant conprising at |east one of In, Ga and TI.

29 40. The sem condudt or Thereimidtmdueor obnstludiidn Sfclaies @ furthieheo@dtising a
structure is aS[Ii rst gate structure and further conprising a second gate and

an isol ati on AAPEEPOFECIHRIIRBMHNHEerSeMiconsvgtivGPaIstiagRere At trcisairlYY 41.

The sem conductQf,caREIhE Yekkée§ibn BeiHgBop8d iwihidiSast BRBOK i, T9aRd cdoped
pocket region within the sem conductive material beneath the isolation

structure, the pocket region being doped with at | east one of In, Tl and Ga.
42. A nethod of formng a doped region in a sem conductor substrate

conpri sing: 42. A method of forming a doped region in a semiconductor substrate
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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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 bl ocks

bei ng spaced from each other by a gap conprising a first distance; narrow ng
the gap, the narrowi ng conprising: formng a coating over the pair of

bl ocks; heat-treating the substrate; and selectively renoving a portion of
the coating; inplanting dopant into the sem conductive nmaterial though the
narrowed gap tp f a _dgped reqi on in.the _sem conductiye, materkal ; and

B ter b ant i RGTadpRRENIEABA S CERES 5 TBF B liost "0 e Sima it e
claim 42 wherein the bl ocks, conprise patterned photoresist and having
opposi ng si de\/\éIxI1sO, ARS8 ei n t he sel ecti vel y renoving the coating
retains coating on the photoresist block, the coating material formng

si dewal | extensions agai nst the opposing sidewalls. 44. The method of claim
42 wherein the inplanting dopant through the narrowed gap conprises

i npl anting at | east4®bne Theavgthodmictaireld@vererein éhe i @antirg0ddpaoirtFoughGheand
In, to a concentration of fromabout | x 1012 atons/cnB8 to about 1 x 1013
atoms/ cnB. 45. ndihewetyhp dombrisdsainpldiingtberei 1o 4 bendemphtiont offgordapant t hr ough
the narrowed gap conprises inplanting boron to a concentration of from

about 1 x 101213t1w'4tefe/dne® @it 2 xx1 010kSmalcaitBAsd Bnplamehg séagiioheg at

| east one heavy dopant el enent selected fromTl, Ga and In, to a

g(incent ration géaly @PpantlRiient séled@droRt PIMBICARR Ot ebhcehtratidd &Bréhors/ cnB.

about 1 x 102 atoms/cm?® to about 1 x 10" atoms/cm®.
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