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[0005] The amorphous regions are defects, and may disrupt operation of integrated
circuit components. Accordingly, it is desired to recrystallize the amorphous regions.
Thermal energy has been used to recrystallize amorphous regions. However, many
materials utilized in IC are not stable to the thermal energy utilized for recrystallization of
silicon. If such materials are present, thermal energy cannot be used for
recrystallization of the amorphous silicon without taking a risk of damage to the
thermally unstable materials. It is therefore desired to develop new methods for
recrystallizing amorphous regions.

[0006] Amorphous regions may occur through other mechanisms besides as
defects induced during a dopant implant, and may be problematic in other structures
besides integrated circuits. For instance, amorphous regions may be problematic in
MEMS, and accordingly it would be desired to develop methods that may be applied to
diverse applications of semiconductor device fabrication, including, but not limited to
MEMs fabrication and IC fabrication.

[0007] Some improved methods have been developed for recrystallization of
amorphous regions, with such improved methods comprising exposure of a
semiconductor construction to radiofrequency radiation or to microwave radiation.

However, even the improved methods may lead to undesired heating of semiconductor
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semiconductor construction at various process stages of an example embodiment.
[0013] FIG. 12 is a diagrammatic, cross-sectional view of a portion of a
semiconductor construction at a process stage of an example embodiment.
[0014] FIG. 13 is a diagrammatic, cross-sectional view of a portion of a
semiconductor construction at a process stage of an example embodiment.
[0015] FIG. 14 is a diagrammatic view of a computer embodiment.
[0016] FIG. 15 is a block diagram showing particular features of the motherboard of
the FIG. 14 computer embodiment.
[0017] FIG. 16 is a high level block diagram of an electronic system embodiment.

[0018] FIG. 17 is a simplified block diagram of a memory device embodiment.

DETAILED DESCRIPTION OF THE ILLUSTRATED EMBODIMENTS
[0019] Some embodiments comprise utilization of microwave radiation having a
frequency of about 5.8 gigahertz to activate dopant within a semiconductor construction

and/or to induce crystallization of semiconductor material. The microwave radiation is
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[ 0019] Sone enbodi nents conprise utilization of m crowave radiation having
a frequency of about 5.8 gigahertz to activate dopant within a

sem conduwoanisnstr ucti on and/ or to i nduce crystallizaPconsed/ns4475

sem conductor material. The mcrowave radiation isreferred to as having a
frequency

f "about" 5.8 gigahertz.to |,ndicate that there w.l]| neral ly be
Coma e iSered R ds e did s Befliiihs® ieub o4 St Bleddiie hil e MU0 575
gibgaher t zgeddally b@qum@csysegfu@oBraqi;gahaawg &@rwwspelomggz atmeare‘lﬂ/a@'rﬁiy?ﬂ@td”ldof
about 5.2 centinmeter and t radi ati on ma e alternatiyve referred to
o hevi no SGer LES Ree okl SRR SR T Ron R 15t W OBhat Hat 2 | [ o050,
M cr owavecemithé@tispanfi@d giadioh raguentigrative esibrrdd & g6 igahey & magoupl es wi th
silicon of silicon-containi % sem'ﬁ nduct or constructi ons, but does not
coupl e wi EREARYAW Ye'ﬁ%qtglp-eég gt ‘@8%‘8@?1 ons, and electrically
i nsul at i ve[0oROPoSMidrOwsye falatioiiialiey & M@RLEsHhf Aol mes gigaheonchipiedrwith
constructi ﬁns. The term 'icougl e’ é‘? utilized to indicate that energy is
t r ansf er r 84°97 Bhs1A08-GN A YOGV MICRRTUAST SRNFIFCERNS YT d2RTPLFRYRIE AN, “and t he
t erm " decenigphle’ mbgl-bsReining dontositibies, tahateldorzaly BEGwRECcanasstionsthad@es not

transfer ener to the indicated material. [Q021] M crowave radjation
i ng n PPEGIEAES bY MR CaIRCT BaRtEUoNss MEIRE (G eB eI R o111 con
at | ow t emeRfadd tha8nerd(h franste oL thd mitkgliee rhaiapeT atdn iagicaitbenaeid) i ng
may only oc ures less. than or e |aOtOC in sone

r at t er af, ual to 5 '
embodi menBad Higy SERI Je bRy IHiee R et ne e R G eS8t 400 ¢, and
in sonme erwhpstenemrgy Rheomdiyated clateral. t enperatures of |ess than or equal to
about 3500, e tenperature at which the silicon transitions from coupling
Bheh t e o0RHhe MicTRE B ORI NG E et TsabR £ DReh R see
radi at i oncomyle bethrsgicen aeldwt tempsraturde.camdpb idegodptesrpeighartémpdiatiréS ey at ur es
refer to a bL{J k isothernal at e. BOO%Z%;H“ t he m'ﬁore&ﬁ@ée' radi ati on coupl es
wi th the SPYR'EGANEY HEY RFEH TP ARY" PHER t Vet "8h of dopant
Wit hin su@hﬁbi@f@@mpdﬁgmodouﬁmﬁmém&f@ leis #tdnast eglialst A00ST ldneiam sorhs
contrast, the silicon abpve the decoupling tenperature IS {r ent to
the m cr oREPEIFRRIS PSR SRIUHR SR RYIS® PHESTIER Shaud IS aPAoR Woes not
iLrpa(r]I t enelhgyerhperatdééeo\nhﬁ:hgte iiIgcoabﬁa\geitibllgefrdﬁ(l?uplirigggtﬁ?ﬁgﬁ&n@m:&@. [ 0023]
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unst abl e miygnd@esactivation of dopant within such silicon and/or induce crystallization of such
silicon. In contrast, the silicon above the decoupling temperature is transparent to the
microwave radiation, and accordingly the microwave radiation does not impart energy to
silicon that is above the decoupling temperature.

[0023] The decoupling may be considered to be thermally-induced decoupling, in
that the decoupling is induced by a change in temperature of the silicon material. Such
thermally-induced decoupling may be taken advantage of during fabrication of
semiconductor constructions to avoid heating of the constructions to temperatures that
would cause problems with thermally unstable materials.

[0024] For instance, some metal silicides are thermally unstable, and conventional
fabrication of semiconductor constructions would not attempt activation of dopant and/or
recrystallization of semiconductor material after formation of such metal silicides. This
causes difficulty in designing fabrication processes, because there are times when it
would be desired to utilize such metal silicides, and yet the metal silicides would be

formed prior to the implant of a dopant that would subsequently need to be activated.
3
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radiation is applied in multiple doses. Thus, a semiconductor construction may be
exposed to a first dose of 5.8 gigahertz radiation to partially activate dopant and/or to
partially induce recrystallization in a region of the construction, and then may be later
exposed to another dose of the 5.8 gigahertz radiation to complete the activation of the
dopant and/or to complete the recrystallization. Multiple doses of microwave radiation
may thus work synergistically with one another in some embodiments, as opposed to
conventional iso-thermal processes in which later doses of thermal energy may
deactivate dopants that had been activated by earlier doses of thermal energy. This
advantage of the utilization of microwave radiation to activate dopants may be of
particular utility during fabrication of semiconductor constructions having a number of
levels stacked over one another.

[0028] As discussed in the "Background" of this disclosure, microwave radiation has

previously been utilized for both activation of dopant within semiconductor constructions,
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gate stack 14 formed over the substrate.
[0032] Substrate 12 may comprise semiconductor material, and in some
embodiments may comprise, consist essentially of, or consist of monocrystalline silicon
lightly doped with background p-type dopant. The terms "semiconductive substrate”
and "semiconductor substrate" 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.
[0033] Gate stack 14 comprises gate dielectric material 16, conductive gate material
18, and capping material 20.
[0034] The gate dielectric material may comprise any suitable composition or

combination of compositions, and may, for example, comprise silicon dioxide.
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gate comprising the gate stack 14, in that the gate stack is effectively utilized as a mask

to define locations of the implant regions during the implanting of dopant 24.

[0040] The implanting of dopant 24 may create defect regions (not shown) within

the implant regions where energy from implanted dopant species interacts with

monocrystalline semiconductor material (for instance, monocrystalline silicon) of

substrate 12, and converts the monocrystalline material to amorphous material.

[0041] The implanted dopant at the processing stage of FIG. 2 is primarily in

interstitial positions adjacent to substitutional sites in a lattice structure of the

semiconductor material of substrate 12. The dopant needs to be activated to transfer

the dopant into lattice sites of the lattice structure before the dopant will achieve a

desired effect on the conductivity of the substrate within the implant regions.

[0042] Referring to FIG. 3, construction 10 is illustrated after the construction has

been exposed to a pulse of microwave radiation having a frequency of about 5.8

gigahertz for a duration suitable to activate the dopant within implant regions 26, and to

thereby convert the implant regions to electrically conductive regions (illustrated by the
6
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conduct i vetiyrodape thdistivnd@vohgct iosqueanpofsakiadud8.8 gigahertz. Thus, the temperature
of substrate 12, sidewall spacers 22, and materials 16, 18 and 20 will remain at or below
500°C (in some embodiments at or below about 400°C, and in some embodiments at or
below about 350°C) during the utilization of the 5.8 gigahertz microwave radiation for
activation of dopant and/or recrystallization of amorphous structures.

[0046] The low temperatures of the materials of construction 50 during the
activation and/or recrystallization may enable thermally-sensitive materials to be
incorporated into the construction during the exposure to the 5.8 gigahertz microwave
radiation. For instance, some electrically conductive materials that would be suitable for
utilization in the conductive gate material 18 are avoided in conventional methods for
fabricating transistor gates, due to the thermal instability of such materials under the
high-temperature conditions conventionally utilized for activating dopant. Among such
electrically conductive materials are some metal silicides. However, the low-
temperature activation (specifically, activation temperatures at or below 500°C, at or

below 400°C, or even at or below 350°C) may enable such electrically conductive
7



[ 0045] The substrate 12 and any conducti vel y-doped sem conduct or
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fabricated' "M Onal  met hods. [0047] The transistor gate stack
14 and conmmag] veCynstapsidn Begbmpsse%a @GEI’BICOMHMOI‘S}EdSth)Ie azf arel alpait bect

t ransi stor nu icatio for f ef fect. transistors,
i ncl udi ng"af‘B'P Oé)?ﬁ%ﬁ%g '&B‘HO Vféﬂf) bsﬁaﬁeoa‘?\g t%?Ha'S )ﬁ'e)? BFP'At €Yt at ed
systens. hdt&iald 1antB &nd P tist wateediscussediaboven which fiel d ef f ect

t ransi st or i pcorporat ed | c_random

n-wni oh S830T o uRERPET P20 8™ Rl e g O BEeka R M JGUSPG Be P zed
during t he[doesn]rat Constafctibh&0 BRAMon{pm@éﬁ]hr&lhmmntm@mm 58, GB ahd 40 pioarei on of
a sem conduct or nstr.uc m.l ar er| n WI [l be

dsea 1o aearrgerran ioebRR s Briin Y30 R o bl B R,
appr opr i atdeped @@H gjth&omsoe wiopamtror etyge dppadrs.e A fmS'ISI@ImBIG’GDIndDIIﬁEﬁI(DJC'[I(QU bst rate 12,
and a pai o%fprlses the transistor gate 32, and the implant regions 36 and 38; and a second
transistor construction comprises the transistor gate 34, and the implant regions 38 and
40.
[0052] Metal silicide (for instance, titanium silicide) 42 is formed over the implant
regions, and is utilized to electrically connect the implant regions with electrical circuitry.
The metal silicide is utilized to reduce the contact resistance portion of the electrical
connection to implanted regions. Such approaches are also used to reduce the external
resistance of an associated transistor or device. Capacitors 44 and 46 (schematically
illustrated in the diagram of FIG. 4) are electrically connected to implant regions 36 and
40, respectively, through the metal silicide; and a bitline 48 (schematically illustrated in
the diagram of FIG. 4) is electrically connected to implant region 38 through the metal
silicide.
[0053] Referring to FIG. 5, construction 30 is illustrated after microwave radiation

having a frequency of about 5.8 gigahertz is utilized to activate dopant within implant
8



transi stor gates 32 and 34 over the substrate. The transistor gates
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dopant i s the low activation energy of silicide transition to undesirable state. There are numerous
other thermally sensitive materials (some of such materials may be sensitive to spike or
flash type anneals, as well as to longer anneals), and the utilization of 5.8 gigahertz
microwave radiation for dopant activation may enable such materials to be incorporated
into fabrication processes in locations where the materials could not be incorporated
utilizing conventional dopant activation methodologies.

[0056] FIGS. 6-9 illustrate another application where utilization of 5.8 gigahertz
microwave radiation for dopant activation and/or recrystallization of semiconductor
material may be advantageous, and specifically illustrate formation of a complementary
metal oxide semiconductor (CMOS) construction.

[0057] Referring to FIG. 6, a portion of a semiconductor construction 50 is
illustrated. The construction includes a substrate 12 background doped with p-type
dopant (shown to be doped to a p- level). The substrate may, for example, comprise,

consist essentially of, or consist of lightly doped monocrystalline silicon.



activated Additionally, there may be other applications in which it may be
desired to activate dopant in an upper level after netal silicide has
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7) isr enmeﬂdnawm@lomstmred @af comprise implanting a first dopant having a first conductivity
type (with such first dopant having an n-type conductivity type in the shown
embodiment); and the formation of the implant regions 76 may be considered to
comprise implanting of second dopant having a second conductivity type opposite to the
first conductivity type. In the shown embodiment, the implanting of the second dopant
forms implant regions entirely contained within the implant region formed by the
implanting of the first dopant (in other words, the p-type implant regions 76 are entirely
contained within the n-well 56).

[0065] Referring to FIG. 9, the dopants within implant regions 76 and 80 are
activated, and accordingly the implant regions become conductively-doped source/drain
regions. The activation of the dopants within implant regions 76 and 80 utilizes
microwave radiation having a frequency of about 5.8 gigahertz, and may simultaneously
repair any changed-crystallinity damage regions that occurred within substrate 12 during

formation of the implant regions.
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conpl ementary transistors 58 and 60 are forned over substrate 12.
Transistor 58 is a p-channel device, and transistor 60 is an n-channel
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80, such pativatiah obdbparatahdfor crystallization of semiconductor materials extend to

numerous electrical components besides the transistors discussed above. For instance,

semiconductor device fabrication frequently comprises formation of an n-type doped

region directly against a p-type doped region to form a diode. If dopants diffuse from

the n-type regions and p-type regions across the boundary between the n-type and p-

type regions, the interface between the n-type and p-type regions becomes blurred, and

the performance of the diode may be adversely affected. An advantage of the utilization

of 5.8 gigahertz microwave radiation for dopant activation during fabrication of a diode is

that the low-temperature of the dopant activation will substantially reduce thermally-

induced diffusion of dopant relative to conventional methods. Thus, there may be little,

if any, diffusion of dopant across a p-n interface if 5.8 gigaheriz microwave radiation is

used for activation of the dopant of a p-n diode.

[0069] FIGS. 10 and 11 illustrate an example method of forming a diode. FIG. 10

shows a portion of a semiconductor construction 90. Such construction comprises a

semiconductor material 92 (for instance, monocrystalline silicon) having a region 94
11



may conprise utilization of 5.8 gigahertz m crowave radiation; and the
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t hod of formng a djode. . oWs . ortion.of .a senicon or
Conot ruot PoeGer eferiRiRorildy dheRa R sk he it A B SO o o2
(]‘o[1 i nst g0022] nonieeagtvhtbh hawcleditd modagt diftusiongof alop et aeros34htedadd §5, doped
Wwth n-ty

A L Ry A M
94 and 96embedsiwumnttees bay deretettvelyagadifistiorachsotilednterfucd 96.aRegartiess ace 95
D19 o LS BE s Bl R RSB oS S Do B 08 Smlptan B o
p+, p-, nmicrewana ratiatioeved\sermaiie de-rudiode watk fowned wih aangthshalrmsr édtsrfdosl ng
less than bg{weeeﬂl{ﬁé p:[t?pea 8pué[d régi%r% a‘%& %ngsé—?ynae?’dopgg geé"?"c.)rg H}aRTs %?r%ecrI] By

conventional methods. Thus, utilization of 5.8 gigahertz microwave radiation for

activation of the dopants of a p-n diode may lead to fabrication of a p-n diode having

improved performance characteristics relative to p-n diodes formed by conventional

methods.

[0073] Another advantage of the utilization of 5.8 gigahertz microwave radiation for

the activation of dopants of a p-n diode is that such may enable the activation to be

conducted after thermally-sensitive materials have been formed proximate the diode.

FIG. 12 illustrates a portion of a semiconductor construction 100 in accordance with an

example embodiment in which thermally-sensitive materials are formed proximate a p-n

diode.

[0074] The semiconductor construction 100 includes a semiconductor substrate 102

supporting a pair of memory cells 104 and 106.
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| evel s being greater than or equal to about 1022 atonms/cm 3) . [0070] The
regions 94 and 96 nay be fornmed by inplanting n-type dopant and ptype
dopant i nwo 2omi03048al 92. For instance a first mask (not psimasejoonsssrdbe
utilized to bl ock one of the regions 94 and 96 while dopant is inplanted

into the o th The first mas e rempved and

Fepl aced viOBRPL s SUOTA AR e Som SRt P oy S E SRS R DeTaPOBt ¢ e

regi ons QmamuthﬁdnaBow@aﬂlamadegdaeed dgipgLidndnstubiidre ﬁm\aﬂaterlslsimmflla@nml into
t he ot her of egan sk y then.he r to, | eave the
const r uct PERT ISP malSeR” EaNEeIR g PN eIt el b s 5B o
regi on 94 namnekididhie p-type dopant of region 96 are activated by exposure to
5.8 gi gahe i cr.owave r ation activ bei n .

i a0r ammcio0apTy VRIRE e e e ieey BhesS oA g™ 4P BREleSH anair o

[0072] Thelezetcaihatoroiictivaselbetbdes 110dedt 1di(the usdcondefi 10lapaNtbeaart o the
interface with such diff bei ng di. amrat |IIutrated by
ashed. | | REBAURT PR g on ohFE e Ehb du ST RekEhrinber B S, vel y no
di f f usi onveen 0Fsetehetronéembaoe c95nedi@ga>rcdh@rsﬁrconfry\(wt&tshem/n;\lvlable isl Gut BO

di ffusion,_ o t diffusion t on of . gahert crowave
radi at i ont%@agﬁagﬁig CEOSS: ?‘?Ch? gfe# Eo@ F %Strﬂa%lo?ﬂ]g sq{yrsb’é?&]ienterface
bet ween th@cprc"a}hpeordmlpﬁwb d:c&gmdsmoanﬁk ctdnemmatbyiraﬁetéopedllwﬁgﬂdomvbhan is fornmed
by conventi onal g P II lizatiaon § %‘%}5%@ ertz m cr o ve

radi ation ?@POEB‘?WQ{‘ 8itvo Orteh%mBSp%‘HF%”Sc?f C%[‘SlbS i Faf ‘Foé‘éﬁ 0
fabricati Oﬁn(ﬂlfctlaelp—dbpdrﬂ eclaichadtiony marprialyediope Madispnekorcaas acinetal-st i cs
relative to B0 di odes.forned by conventional nethods. [0073] Anot her
advant age “8f Y9 VRSP on of 5.8 gi gahertz microwave radiation for the
activati on[00f77p|oplam$ @fangemauerchl o0e may obh@mssan%smmjolmmhﬂmttohexact i vation
to be conducéed af t

0 ot mat o PR Sh e EEBs 4E Bt TS Bied s e R bt or
const ruct lee:nanll@ﬂ)y ofn oamsﬂaﬁ@éTw é. ha anxteoeawf@benmmodammmtnyl ahdmhllmhm

thermal |y ter| al r.ed ((:] a&00 4] The
sem conduclt%ﬁ?gjc ttﬂ? Gergirsy 138 ol %aaég uﬁlngg)r&? cn%tﬁﬂﬂ%f)g & 9?&3
suppor ti ngo& dpang tr@fstmgeroymmdnbsoriméthaménidﬁfz} cEl000A fas St HsIfat detd@aningy
conprise o ine sil nor,e h &not shown) of
an integr % %;?ycff ﬁia?e BQ%errﬂ%Ff% %gégﬂgﬁﬁt@??'ﬂgg?wg%nﬁa &} B ectrically
conduct i venamedrerceali@4. el ectrically insulative materials and/or
sem Conducltoby&] &/]%HO%} cell 106 comprises phase change material 114 between a pair of
electrically conductive electrodes 116 and 118 (the electrode 118 would be out of the
plane of the cross-section of FIG. 12, and thus is shown in dashed-line, or phantom,
view). The electrodes may be connected to other circuitry (not shown) which is out of
the plane of the cross-section of FIG. 12. The electrodes 116 and 118 may comprise
any of the compositions discussed above regarding electrodes 110 and 112.
[0080] Phase change material 114 may comprise any suitable composition or
combination of compositions, and in some embodiments may comprise, consist
essentially of, or consist of GST.
[0081] The electrodes 116 and 118 are utilized during the storage of information in
the memory cell 106, and during the reading of information from the memory cell,
analogously to the utilization of electrodes 110 and 112 in the reading and writing
relative to memory cell 104.
[0082] The phase change materials 108 and 114 may be referred to as first and

second phase change materials in some embodiments.
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[0076] Menory cell 104 conprises phase change material 108 between a pair
of electrically conductive electrodes 110 and 112 (the el ectrode 110 woul d
be out ofwohelopizesse of the cross-section of FIG 12, anectrhissomssshdpwn in
dashed-Iline, or phantom view). The el ectrodes may be connect ed to ot her
circuitry sh of the craoss- section of
FIG 12. eg cg\r?ﬂcies n(%BSHgogﬁléégé yprge'dg%ﬁ?tévegpé%? P}e{:%’l%e rqguctive
conposi ti and 106. (Tbakﬂlomat12®mom‘prleéeatsenmhuyctomdmai 122, andpesdibdeotd) and
may, for ex i i ssent.i al onsi st
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a m xt ur e oeér egemtrmielumofeQOmmyll aod foedingitHeusiyine | B0 38dr sbhécaeldactbr odes 110
d 112 til d f. |teri h ter.ial h

ctorage of AHr RET ER P AoTHe HaABr R Rar pgrer T8 L a8 het THrePe e mi ng
t he st at e etictrptias ¢6 chargeryredlerdcadvel 08 shmicorglutioe maeadil nge.of i nf ormati on

f th 0079 106 [ h h

macori ol TEASBL: WS A U BroErBaCr AL g eIt iR Ui B des 116 and

118 (the ebmpbsitaeoldd@nhipatianh djeompbsnocf)nst, hed piarte; thé stime corpssitiseas ona of
FIG 12, and thus LS 0

el ect r ode& ALY B m%ﬁi@cr@@ 6 a&oﬂlﬁr 'rb‘f‘?f%‘?sﬂqw %8?m§ﬁm\kr?§ r‘gﬁﬂt%h is out of
t he pl ane semldohdu@omam;atstiZQranolﬂ4Elrﬁ5ay dﬂnpr’ﬁeec@ismﬂem&iﬂ&lyldfﬁo%lﬂwsﬂsi& may
conpri se S e Sq 03| tions discussed above regarding el ectrodes 110
and 112. R%@ﬁﬁy ange material 114 nmay conprise any suitable
conposi ti of®086] coTﬂhJe aahlcondlm:itorcrmtpmmlmiz(znnmpriaMa dopsbragicantadd ane at&hemy
conprise, consi st ntiall SISt 0081 The el odes
176 and- 116587 i TRl BBl bafal Rl R MR aroneh B b

cell 106, 1&Bdodvpnsefﬁga tibeed egbinrigldoand afahereddped régiom 46 direxiagyineethe,

anal ogous ?g % %H{i |'i zation of electrodes 110 and 112 in the readi ng and
witing re B c%o nenory cell 104. [0082] The phase change materials 108
and 114 maUDOBE] r eDee oéthetavpad régiorst 1 2enahdstiomdy pbasferred angmea fist dopead S | n

e ol ol SR A bt 858 0 ERE AR PGB AL BRSOt v

mat eri al i&f@rredidag heechraddpedPegion, and is majority n-type doped. In subsequent
processing, the doped regions 124 and 126 may be exposed to microwave radiation
having a frequency of about 5.8 gigahertz to activate dopant within such doped regions
(analogously to the activation discussed above with reference to FIGS. 10 and 11).
Analogously, one of the doped regions 142 and 144 may be referred to as a first doped
region, and is majority p-type doped; and the other of the doped regions may be
referred to as a second doped region, and is majority n-type doped. In subsequent
processing, the doped regions 144 and 146 may be exposed to microwave radiation
having a frequency of about 5.8 gigahertz to activate dopant within such doped regions.
[0088] The phase change materials 108 and 114 may be considered to be formed
proximate semiconductor materials 122 and 142. The utilization of the 5.8 gigahertz
microwave radiation advantageously occurs with low thermal impact on the nearby
phase change materials (specifically, is at a temperature at or below 500°C, at or below
400°C, or even at or below 350°C), and accordingly may be conducted without
detriment to the phase change materials. In contrast, it is difficult to form a p-n diode
proximate phase change materials utilizing conventional processing because the phase

change materials tend to be highly thermally sensitive. Accordingly, the thermal impact
14



conprises a sem conductor material 142. A bitline 150 is between the di odes
120 and 140. The bitline 150 is a conmon bitline relative to nenory cells
104 and 1W6.20{00B384} The construction 100 nmay be forned pgTiuseenong475

sem conductor material 122 over electrode 112 of nenory cell 104, formng

the bitl 150 9 t d t
e B3P BB RN e R0 Bl e B PR Y o
cell 106 owseridlhe sem conductor material 142. [0085] Sem conductor
terial d.-142 i t abl t nbi t
o composi FP8RE. - Tacey ESTRE SmE s St o AR B re dne e oy
di ffer frdomedeafendtdiast phrase chpas maenal 108, amirﬁrlﬁffbfmh sEohe phsmm@éuct or
terials 122. 142 . ' t t f t of
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149, “and_ SRSCREF o aa T Bg Ll FeoM PEtte A R hitdoped T egi on 144.
5008;] Onef00B0} hecdmmaattmregocmshbﬁ/a oagqbn&;gg elagyticagy rnel?lﬁweem?teaaas:soa f:j rst
oped regi i S - e doped;. an er. o e
regl ons ?rg@mgéﬁ?g}eg?q%aélfo (}4yr§'t0ép81r989 %@H‘n?gab %ﬂ'&g dr‘ﬁﬁréﬂl 5 n-type

doped. | nasdhgequentatipe ocesti m@o ntaJpe;odmpe@Iamegmmm d&ﬁpc&ﬁ@nl@rﬁ nmay be
exposed tQ

r adi t|on Vi n afre about ahertz to
not i vat e QBERRETH PhidmetnSouE ag S ae e R Su e PaL | on
di scussedsiibavdiowidt ntefliecenitelet 0 Fl GS. 10 and 11) . Anal ogousl y, one of
t he doped ns 142 and 144 rra be erred to as d region,
bnd 1oy BPRD " TR sbito PR Ble e R é%adplen o bORE rmy be
referred senam/eansmomeMQpﬂdaueeglsmrmt naaychd @tilined mrthéynemﬁcbrylaellsdmme&hd I'n
be, exposed to

subsequen in the oped re

mcr ovvavet1 Pg g grﬁer Yﬁan% r@%{ﬂgﬁc%/e%?r%%%ﬁ?gg ”?ygﬂ g‘éﬂé‘?dt D e act i vat e

dopant wi tehibndsmmhs dvz)memhchce>g1etnmamc[r@@&&}enThmt@tmmclohlaggfer exdresleal s 108 and

114 may be dreer e? ag na[ ormed proxi mate sem conductor materials 122

and 142. ‘ﬁ?@ Wl?g Yo' 25 %the 5. 8 gi gahertz m crowave radi ation

advant aged0e92] ocasidscugsel above, ttheeffiedts oinfhagigabertt hicrowavdnadplias arechange
is.at .a tenperature at or C,, at or bel ow

20000, “or WDBRTLt S§ e BicshP Bouty METRE <Bhidif i RSyt o Bhausfel i hout
det ri nment nti@owhee phietiencndigen matepha@lssegibn costillizad ithisevéral sidubhigall t to
forma p- Bulg!aé)glemicrowave radiation. Yet, the effects of exposure to 5.8 gigahertz microwave
radiation are also self-limiting so that excessive exposure to the 5.8 gigahertz
microwave radiation will not create adverse effects. These properties of 5.8 gigahertz
microwave radiation may be taken advantage of during fabrication of multiple levels of
integrated circuitry over a semiconductor substrate, such as, for example, during
fabrication of three-dimensional stacked memory.
[0093] FIG. 13 shows a semiconductor construction 200 comprising a
semiconductor substrate 202, and a plurality of integrated circuit levels 204, 206, 208,
210, 212, and 214 formed over the semiconductor substrate. Each level may comprise
numerous semiconductor components (for instance, volatile cells, non-volatile cells,
wiring, capacitors, etc.). The components may comprise electrically conductive
materials. Example electrically conductive materials are diagrammatically illustrated as
materials 216, 218, 220 and 222.
[0094] Boundaries between the various levels of integrated circuitry are
diagrammatically illustrated with dashed lines 205, 207, 209, 211, and 213; and an

upper surface of the substrate is diagrammatically illustrated with a solid line 203.
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proxi mat e phase change materials utilizing conventional processing because
t he phase change naterials tend to be highly thermally sensitive.

Accor di ngwg,20tomso4sher mal i npact of conventi onal dopant aeCirstéoonsses hods
tend to detrinentally affect t he phase change mat eri al s. [0089] The
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of mul ti pbepddxegiics. dh someaymtaxdederus rtoefitst puleemayéoesce:mtdoctadﬂmtaﬂursmmst rate,
such as, fo X l.e uring fabr i 0 f. t naI st acked
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sem conduSubsesuthbiy,tiad ee@0@, dopad regiql megbetigrmeld, and dgnat dood palse bof | evel s
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Each | eveP"'%ﬁVa(V:%Pddr'%%'SB hr?g f oafsle%&ennggfn%%c%g St@%%geg]r%grﬁ%ydg?cit" 'lzeﬁﬁgts ;\?tee
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[0098] Construction 200 may comprise one or more materials that are thermally
sensitive, and specifically which are adversely affected by temperatures in excess of
500°C. Such materials may include, for example, phase change materials and/or metal
silicides. One or more of the pulses of microwave radiation may be utilized after such
materials have been incorporated into construction 200, since the 5.8 gigahertz
microwave radiation can be used without heating the semiconductor construction to a
temperature exceeding 500°C. In some embodiments, the thermally sensitive materials
may be adversely affected by temperatures in excess of 400°C, or even in excess of
350°C, and the treatment with the microwave radiation having a frequency of 5.8
gigahertz may be utilized without adversely impacting such materials.

[0099] Although many of the embodiments discussed above indicate that
microwave radiation having a frequency of 5.8 gigahertz may be utilized to
simultaneously activate dopant and increase crystallization within a semiconductor
substrate, there may be embodiments in which it is desired to activate dopant without

substantially increasing crystallization or vice versa. In such embodiments, the duration
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materials. Exanple electrically conductive materials are diagrammatically
illustrated as materials 2 16, 2 18, 220 and 222. [0094] Boundari es between
t he vari owe 20emsbs40f integrated circuitry are di agrammeCirasbkéog/osd47sist r at ed
wi th dashed lines 205, 207, 209, 2 11, and 213; and an upper surface of the
substrate s diagr atically.illustr Wit h lid line 203.[0095]

Numer ous ?)Enéa u?%g‘?fgﬁ'?o?ﬁv%gefr%dr'%% ri%y @%rglgjbjﬁéebI'résré%gerﬂmtﬁiaﬁc%rgﬁléspructi on
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or nore of 1 of, mcr e radi ation be utilized after such
mat ert ol o ISR LR TR s BB BT Ea gt o4 FRck e bt
gi gahert z dimgcarowae @ddadsiagicocuitais ilhestrateichsw ftoheuak thbesdtd ciguitiyes dlestrateshduct or
construct iaggr&o a tenperature exceedi ng 5000C. In sone enbodi nents, the
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[00103] Processor device 406 may correspond to a processor module, and

associated memory utilized with the module may comprise one or more structures
formed by the methods of FIGS. 1-13.

[00104] Memory device 408 may correspond to a memory module, and may
comprise one or more structures formed by the methods of FIGS. 1-13.

[00105] FIG. 16 illustrates a simplified block diagram of a high-level organization of
an electronic system 700. System 700 may correspond to, for example, a computer
system, a process control system, or any other system that employs a processor and
associated memory. Electronic system 700 has functional elements, including a
processor 702, a control unit 704, a memory device unit 706 and an input/output (1/O)
device 708 (it is to be understood that the system may have a plurality of processors,
control units, memory device units and/or I/O devices in various embodiments).
Generally, electronic system 700 will have a native set of instructions that specify
operations to be performed on data by the processor 702 and other interactions

between the processor 702, the memory device unit 706 and the I/O device 708. The
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may be adversely affected by tenperatures in excess of 4000C, or even in
excess of 3500C, and the treatnent with the m crowave radi ati on having a
f requencywof20b/Bogugahertz may be utilized w thout adverseglug2000pPaa5 Ng such
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various electronic s FlLGS 14-17 il lLustrate exanpl e el ectronic
aystems ¢ KTy eGT P02 & givs s PAVEH ol R bt RO fB209] *F 6 14

i1l ustrat esrrant senbodiforedetierafiniag eoathet emsyat esll 400 a |Gonpesiesd sysduetingt00

or ot her Simancdyd s EHT Mbor Rl R e Bt Bt Boar d 404
may car ry ireludespopeosggsocirdlfy &80, otrduétry 822t far provtgsa regerentd yoliaigd, @t | east
one nenory device. 4 ry deyice . 408 conprise an. array of nenory
cell 5. ani €GN Sodine d RO TN ER i b s AR T e pefip e
accessi ng8Badingdroviding meseooyd wetdlise imith phisesraralyan iFterddmeectidnhimergssosry cel |

el 1 5. TherSuRLRL QuiehERy Fid SHldm pOhabS e B LB ra R eyi ng.
i nf or nat i mn@pmmw@efmmm@yiacees@@@. and processor 406. Such | S
I sach SR i agrarer e A e lest Ve PRUTPORRS Mot P e B 3¢ 0 and
the read overowiibg yr instdllizatist liretse d hesndbary dedide B8P iPosmks sture detd @ieicB6 may
Con eSOk e PLORSRIR, AEN B B 350541 4 TERUYGH BSR4, Lo
1- 13. [ O0k@GAjdeMrronmynatestroetudd8omegd myothe esedbons ¢fd-IGSest8ry nodul e, and may
[00108] The various electronic systems may be fabricated in single-package
processing units, or even on a single semiconductor chip, in order to reduce the
communication time between the processor and the memory device(s).
[00109] The electronic systems may be used in memory modules, device drivers,
power modules, communication modems, processor modules, and application-specific
modules, and may include multilayer, multichip modules.
[00110] The electronic systems may be any of a broad range of systems, such as
clocks, televisions, cell phones, personal computers, automobiles, industrial control

systems, aircraft, etc.
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conprise one or nore structures fornmed by the nethods of FIGS. 1-13.
[00105] FIG 16 illustrates a sinplified bl ock diagram of a high-Ievel

or gani zatworromio3eas4el ect roni c system 700. System 700 napcrarse@opsadsto, for
exanpl e, a conputer system a process control system or any other system
that enpl oys a processor and associated nenory. El ectronic system 700 has
functional elenents, including a processor 702, a control unit 704, a
menory device unit 706 and an input/output (1/0O device 708 (it is to be
under stood thag| Alvgs system may have a plurality of processors, control
units, menory device units and/or |/O devices in various enbodi nents).
General Iy, electronf¥ &%&tem 700 will have a native set of instructions

that specify oper at Aomshddofderniey & esmeenduitdl abastigtideomp@igssor 702 and
other interactions between the Qrocessor device unit 706

) h 702, the nEnDry
and the I/ 0 devi ce POEIMHOBBHIIEIN AFATICHIHCOBIHRAAPBS " al | operations of
t he processor 702, adieatireyme yopket Witk micowandratifagon h&ditley fréquehoB ofabout

conti nuousl .y .cycling through set of qperations that cause, i yctions to
e et ches SR e TG T a0 rEerien i ArutlR s Seraha fury ST ce o6
may i ncl udgirgnee activaboreofsthe depant.es fornmed by the nethods of FIGS. 1-13.
[00106] FIG 17 is a sinplified block diagram of an el ectronic system 800.
The system 800 includes a nenory device 802 that has an array of nenory
cells 804, addeess Oerodthod®D6ainr bwhaciebs tenpaaiuta goeB0B®} exxekedahow@ccess
circuitry,84p, read/wite control circuitry 812 for controlling operations,
and input?outp t circuitry 814. The nenory device 802 further includes
power circuitry 8 16, and sensors 820, such as current sensors for

det ermi ni ng whgt her rge FRIABLYS G 1 Wheldh e sBMidbREGINHeGARIMBdARY State or
| lustrated power circuitry 8

in a high-threshol d non-conducting state. The
16 i ncl ud&@4Power supply circuitry 880, circuitry 882 for providing a

ref erence voltage, an interconnection line 884 for providing a first
wordline with pulses, an interconnection Iine 886 for providing a second
wor dl i ne with pul seke FFHOLRT PRI WORIFELINP SAMIcPRUsEaNFieial 5eRiisRIPhg a
bitline wrbhodgudtsiRse silldvd. system 800 al so includes a processor 822, or
menory controller for nenory accessing. [00107] The nmenory device 802
receives control signals fromthe processor 822 over wiring or

metal |ization b.i nesA midtsod@rimmingle véraieo@2tdr sonssedtidng camprigingdat a which i s
accessed via I1/0O qu%§m"f%i&§qgﬁwocergg Fhﬁgﬁ%ocessq% 822 .and nenory device
802 may i ncl ude one” SV R8P I N UP DR B?”FW% HE(REAE B FiGs. 1-13.
[ 00108] Tergstating cagsone| @aat r oni ¢ systens may be fabricated in single-package
processing units, OfSEHidRwayeialfkisn REMFIRANRY of iRt 5 BidhdRS it ©

reduce the
increase crystallinity of the amorphous regions, a temperature of the semiconductor

material not exceeding about 500°C during the utilization of the microwave radiation.

6. The method of claim 5 wherein the temperature does not exceed about
350°C.
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comuni cation time between the processor and the nmenory device(s). [00109]
The el ectronic systens nay be used in nenory nodul es, device drivers, power
nodul es, wormonizesti on nodens, processor nodul es, and applrivsatioom4speci fic
nodul es, and may include nultilayer, nmultichip nodules. [001 10] The

el ectronic systens may be any of a broad range of systens, such as clocks,
tel evisions, cell phones, personal conputers, autonpbiles, industrial
control systens, aircraft, etc. CLAIMS I/we claim 1. A nmethod of formng a
sem conduct or gonst Augdth@Noef (EAWRY 4 SéRBondIc®F icOhdiiciPBhpMidfin @
sem conductor materjal; and activating the dopant with m crowave radi ati on
havi ng a frequency @?p'%[ﬁ'ﬁﬁldof?ﬂ“éW&P'ﬁéﬁ'g?’f?if‘e slioahsEIgPenaensialingeand the

sem condughgMintifg ey ddredgeasgioasbMngnapeslls HROAGnduri ng the activation of
the dopant. 2 . The .rre} hod Olf claim Jh \égrer ei n the.terTRer ature does not
exceed about 3500C. S'BUARGRSHALREHN S HORAM AP AARAEIGNE HRMEBFHEIRa R¥t or

mat eri al  expRigees siitdni to dmicrodave rldatiorhinath &tnaid Giemrdmwheeiehdgthipbek at

sem conduct or. terial consists, of nocrystalline.silicon.  h. A nethod of
orming. atkBkoaieesyS aoneprabls SHRCcBrt PaiE = stet! 9"S Wk Bonduct or
mat eri al begosng tantor plvowgaveagdiatts. and crystal line regions; and utilizing

m crowave radi ation having a frequency of about 5.8 gigahertz to increase
crystallinity of the anorphous regions, a tenperature of the sem conduct or
mat eri al not e&ceedimgymatiodiof 860OTWHardimietdaes notidxceeat oaoatf350M@. i cr onwave
radi ation. 6. The nethod of claim5 wherein the tenperature does not exceed
about 350C.7 . A nethod of form ng a sem conductor construction,

conpri sing: inpl ant TRymetiedrf clgim hivhewin the slapantisemerisdscasg ds@iatie of boron,
nonocr yst ghddoRSrus @RE atdgid mpl anting form ng damage regions of anmorphous
silicon; and sinultaneously activating the dopant and repairing the danmage
regi ons by exposing the silicon to mcrowave radi ati on having a main

spect rum wavel emngt hTpeaktrdb orblaut 7 ahdreenti neters, a tenperature of the
silicon not exceedi trr]]% iabout 500cC durii n%gt he

mplanting is a first Implantimg and comprises implanting of a first dopant
having a first conductivity type;

a second implanting is conducted after the first implanting, and the second
implanting comprises implanting of a second dopant having a second conductivity type that
is opposite to the first conductivity type; and

the activation of the dopant and the repair of the damage regions occurs
after the first and second implantings.

11. The method of claim 10 wherein the first and second implantings form a p-
type region of the semiconductor material directly against an n-type region of the
semiconductor material, and wherein the p-type region and the n-type region are together

comprised by a p-n diode.
12. The method of claim 7 further comprising forming a transistor gate over the

silicon prior to implanting the dopant, and wherein the implanting forms conductively-doped

source/drain regions aligned with the gate.
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exposure to the mcrowave radiation. 8 . The nethod of claim?7 wherein the
does not exceed to about 3500C. 9. The nethod of claim7 wherein the dopant
conpr i seswoneiwu3o4sar e of boron, phosphorus and arseni c. pe@/ustdvs/osmrhod of
claim7 wherein: the inplanting is a first inplanting and conpri ses
inmplanting of a first dopant having a first conductivity type; a second
inplanting is conducted after the first inplanting, and the second

i npl anting conprises inplanting of a second dopant having a second

conductivity type tﬁ@ém’eﬁo@@pg&h{ﬁzﬁ;ﬁhéﬁ&nfdrll’sﬁnb ferendpatiavditdod sReandnd the
actlvatlon of the dotﬁ)ant and the repair of the damage regi ons occurs after

the first Y d8dipHdNs Fr‘ﬁﬂdéﬂﬁ‘ﬂ"eWg‘?peﬂfOUV‘?F/Qr%'Eeﬁt?d‘%’f' rtPéherﬁCi'MaWﬁ‘é?f di% the
first andgge@end inplantings forma ptype region of the sem conductor
material directly against an n-type region of the sem conductor nmaterial,
and wherein the p-type region and the n-type region are together conprised
by a p-n diode14.12 Arrﬁﬁlﬁ)dmtfds‘rﬁﬁhgmhtegfaaedmr%uﬁrwctdmjnsa@rrpr| sing formng a
transistor gate over leon e dopant, and

wherein the inpl antﬁ’rﬁlﬁ'gm?'mﬁ 8%%%%\?&%’71%0 de° %%”31{%9}%'8%. n regions
al i gned with the gattéizibd.a fiffieuisetohmitrofawvel radimidi?hdvingtshfesqueocypafisbonigs.8 or m ng

regr one. pavarer it it HERbisto BRERS I A MO L S SRS £0 i ng
i ntegrat etdarrmeraiumetqf $he sil@oprcogtaingtg mpaterdldémaing gt lsss ttepanequal tohabour500°C;

sem conduct or CO”Stébe?tuL' gtgégs'tﬁga oiarmcFJm%R/ePéHdaﬁ %ro%ﬁggt&\%‘% Jo?ghtat' on

havi ng a frequency o ertz for uration's
activate UM'WW'@W%WQFPQ%WCT%M while a tenperature of the

si | i con-containing lﬁfﬁihﬁb'aaéecérﬁr@dlgésof@ﬁlcrlo%§e Fa@i?a'ﬂoﬁ’ﬁa\ﬁr‘i’é’éﬂfre&L(Ran%p%%bo@@oc
after utilizing the first pulse of mcrowave radiation; provid gldsecon

dopant wi 2Ri% REZ & /i Beriipn SHGD IR Brromplrte Reiyatiemef the firsi %H@@t %‘%t@ Wd pul se

of m cr ovgMpateadd 8édopn daaxmr\gm@ d lefRHERmeY oPfhehRYb-cOntSintiyGHekd Zerhaifs @
duration suitable to g | ete acél vation of the first dopant and to fully

activate FHESSSBRBALCHEPEAPOUMIY e a tenperature of the silicon-containing
material remains at | ess than or equal to about 5000C.

15. The method of claim 14 wherein:
the temperature during the first pulse of microwave radiation remains at less
than or equal to about 400°C; and
the temperature during the second pulse of microwave radiation remains at

less than or equal to about 400°C.

16. The method of claim 14 wherein:
the temperature during the first pulse of microwave radiation remains at less
than or equal to about 350°C; and
the temperature during the second pulse of microwave radiation remains at

less than or equal to about 350°C.
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15 . The nethod of claim 14 wherein: the tenperature during the first pulse
of m crowave radiation renmains at | ess than or equal to about 4000C, and
t he t enpeweaturom3cusai ng t he second pul se of m crowave ragcatiseosnInenss ns at
| ess than or equal to about 4000C. 16. The method of claim 14 wherein: the
tenperature during the first pulse of mcrowave radiation remains at |ess
than or equal to about 3500C, and the tenperature during the second pul se
of mi crowave radiation renains at |ess than or equal to about 3500C. 17. The

met hod of cl ai 714 yhereindd of Asins eMve&BgFuct or constructi on conpri ses a
nonocrystalline silicon wafer; the first dopant forns a well within the

nonocrystal | i ne si | NeSAMIGNErClefS9BYd HcHORCITIIEESs ddpRiecrveipfine sty vafesecond

dopant forns an i npihankstiegar@forinBatwdiswigi ihe @honoegblalh& SiflcoM Watbndspatico wel |,
and which is d%?ed to aquecond dopant type that is opposite to the first

dopant t yparst #@arihee@ithod of clai m 14 wherein: the seni conduct or
construction is foredetendcapant fsensaH impre rdgnethat i9Entirelt eantaine@withinat are

st acked over ope anaother;, the first ant i s . provided at one of the |levels
o N o g et Bl i IEE ob S Ansnd SOEN pad BL S apog b erionBt el Cof
integratigpethan the first dopant. 19. The nethod of claim 14 wherein: the
sem conductor construction is formed to i nclude one or nore naterials that

are adversely affected by tenperatures in excess of 5000C, and the second
pul se of radi at8.on Tise methodoédaiaf t&whereint east one of said one or nore

material s is I ncor paEabedldol R RRTLERNGHELAE LOBSIT HEN)ONyeRG: The

met hod of claim 14 wherein. the sem conduc construction orned to
i ncl ude phiesatiohdngj@rersieerddaver enrlanadiersecond pul se of radiation is

utilized after the RRGRE GHANBEIBRIES &idnelo? iHeNERIPATAEGD b LA he
sem conduct or constructi on. _ _
the second dopant is provided at a different level of integration than the first

dopant.

19. The method of claim 14 wherein:
the semiconductor construction is formed to include one or more materials
that are adversely affected by temperatures in excess of 500°C; and
the second pulse of radiation is utilized after at least one of said one or more

materials is incorporated into the semiconductor construction.

20. The method of claim 14 wherein:
the semiconductor construction is formed to include phase change material;
and
the second pulse of radiation is utilized after the phase change material is

incorporated into the semiconductor construction.

21. The method of claim 14 wherein:
the semiconductor construction is formed to include metal silicide; and
the second pulse of radiation is utilized after the metal silicide is incorporated

into the semiconductor construction.
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2 1. The nethod of claim 14 wherein: the sem conductor construction is
formed to include netal suicide; and the second pul se of radiation is
utilized wotero/ashssnmet al suicide is incorporated into tireTasp0ORIGEL OF
construction. 22 A nethod of formng integrated circuitry, conprising the
followng steps in the Iisted order providing dopant within a sem conductor
material, utilizing a first pulse of mcrowave radiati on having a frequency
of about 5 8 gigahertz for a duration suitable to activate only sonme of the
dopant, while 22,'[ermerﬁéﬂﬁw@f@rfnirtd'ﬁﬁte?idté&@ﬂ:uﬂ@ﬂ&cﬁﬁﬁﬂsﬁ@ th@toRbWinh sfeps® ns at
| ess than or. equal to about 5000C, form ng one or nore materials over the
sem condu@@d'?teaé’{%% al, and utilizing a second pul se of nicrowave radiation
havi ng a frequency bvidinguopantSvitgingadwenitanducior matkigRt i on suitable to
conplete activation of. the dopant., while a tenperature of the
si | i con-cont ai ni ng %‘E‘F'@PiaalrsqP@%ﬁic’ﬁg""é‘fwﬁ“@s@d'ﬁ NYiInggyieauepyy 4ibatt B%ooc 23
The et hodigatierzlfai ai@Atievhauiabla to hetivaengpey sdnue ef tlel dopegt, twidle fal tesiperatirs ef of
m crowave, radi at i . i , s_t or equal, t t .4000C, and the
erper at s o k8 RESRAS A e SR8 oCRR iRt ermi ns a1 o0
than or equal to ablouting@o€opdoEhearethoderdhe séraicom@@tonhrertaziah anbie
t enperature during T f .M - Lat i I | ess
Ltltm%né g 03%%@&%@%(?1 eml?lloﬁlggéﬂpat\é?a’[l[)ﬁ é\%%g ﬂ{eﬁl.géﬁ%g %? a 1

than or equal to about ( _ enperature auri second pul se
of m cr owaB@igelditatar erfiuratienispitabig tol aegwlatd agtivetioreefuld dermnatydile a3500C 25 The

met hod of G RidMik 2 WRESIRLA-cbRGinf R &8 YehQhs TRLES hah oFQITRY ISR uBEdo-60n 26

The nethod of claim 22 wherein the sem conductor material consists o
silicon 27 The nmethod of claim 22 further conprising incorporating the
dopant into a | attheemBBBRLY ISR ig\gher&he net hod of claim 22 further

conprising incorporating the dopant into a ngon-volatile menory cell. 29.
The met hod of cl ai nﬁ??’%‘ﬁﬁrf‘w{ﬁg‘g@ﬂﬂ?q PRSI PpOrAYS Rgiatipe refotiamit Iesst o a

di ode. than or equal to about 400°C; and

the temperature during the second pulse of microwave radiation remains at

less than or equal to about 400°C.

24. The method of claim 22 wherein:
the temperature during the first pulse of microwave radiation remains at less
than or equal to about 350°C; and
the temperature during the second pulse of microwave radiation remains at
less than or equal to about 350°C.

25. The method of claim 22 wherein the semiconductor material comprises

silicon.

26. The method of claim 22 wherein the semiconductor material consists of

silicon.

27. The method of claim 22 further comprising incorporating the dopant into a

volatile memory cell.
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30. A nethod of formng a sem conductor construction, conprising: formng a
menory el ement material over a sem conductor substrate; formng

sem conduwwbDanimsbsai al proxi mate the nenory el enent mat ecralsoodopiang a
first region of the sem conductor naterial with p-type dopant; doping a
second region of the sem conductor material with n-type dopant; and after
formng the nenory elenent material, utilizing mcrowave radi ati on having a
frequency of about 5.8 gigahertz to activate the p-type and n-type dopants,

the activation2@ccuThé mgthaklior elalnh22 AR Yon@rB g Mcofir @frgahe adshnt B a
sem conduct or ma}t erial in at a tenperature of Iess than or equal to
about 5000¢7 VY O%ﬁ?ﬂad of claim 30 wherein the nenory el enent
material consists of phase change material. 32. The nmethod of cl ai m3 1

wherein the phase ¢ e rial ri ses ermanlu

tellurium 38 Qéf JF@ ﬁ]etcs]”gfo(?%' P&l %?%R %"Pé‘% MEAERS %@93‘?%&%}%?” f%&s t han
or equal tiodabout 3500C. 34. The nethod of claim 30 wherein the

sem conductor material consists of silicon. 35. The nmethod of claim 30
wherein the sem conductor naterial consists of silicon; and wherein the

p-type and n-t§pe dbpmihte eifemin @etreidofdustor chestyrioum cooprssigt i ng of bor on,
phosphorus and ar se@ffing a memory element material over a semiconductor substrate:
forming semiconductor material proximate the memory element material;
doping a first region of the semiconductor material with p-type dopant;
doping a second region of the semiconductor material with n-type dopant;
and
after forming the memory element material, utilizing microwave radiation
having a frequency of about 5.8 gigahertz to activate the p-type and n-type dopants, the
activation occurring while the memory element material and the semiconductor material

remain at a temperature of less than or equal to about 500°C.

31. The method of claim 30 wherein the memory element material consists of

phase change material.

32. The method of claim 31 wherein the phase change material comprises

germanium, antimony and tellurium.

33. The method of claim 30 wherein the temperature is less than or equal to
about 350°C.

34. The method of claim 30 wherein the semiconductor material consists of

silicon,
35. The method of claim 30 wherein the semiconductor material consists of

silicon; and wherein the p-type and n-type dopants are selected from the group consisting

of boron, phosphorus and arsenic.
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