METHODS UTI LI ZI NG M CROMAVE RADI ATI ON DURI NG FORMATI ON OF

SEM CONDUCTOR CONSTRUCTI ONS TECHNI CAL FI ELD [ 0001] Met hods utilizing

m cr onave WaAIHYI3044duri ng formati on of sem conduct or CREBUSAGYI54TS.
BACKGROUND [ 0002] Semi conductor device fabrication is utilized to form

i ntegrated cirgerheBsWfi iz R 7 ' :
and other m cr‘g-gt?ucstltjﬁ%s rg%ylgsgmliﬁgs{xﬁﬁ gj&'ogihlll'ﬁ%??g rl.@dayﬁ:@\ of
an | C may invol ve inpl anti SEVIGPMRUGTQR CONSIR N8t or substrate,
foll owed by activation of the dopant. [0004] The i nplanting nmay

conprise directi ng{_ener i zed atonms or nol ecul es of dopant at a
sem conduct'GiCrNE&t Al t o drive the dopant to a desired depth within

t he substr atgpo1RNCvERY IS BNRBE riifewakd&REb e dur@iomREbRBE&mitdndlbsr
dopant is driven into a nonocrystalline silicon substrate, sone

regi ons of PR¥CHH:rate may becone anorphous due to interaction of
such regions wth the energized atons or nol ecul es of the dopant.

[ 0005] The egions are defects, and may di srupt operation of
i nt egr at edaégﬁ'@%?@a@@nponent s. Accordingly, it is desired to

recrystal | i @@02he %emicpithukr dedisoiabricalihe isnailizeeite fgy ihiegrabeerircuige dCh,0
recrystallize & r egi r lals utilized,in
n%?rgﬁ%?%cﬁr{ggﬁﬁgﬂl?% es?%%fnsmgﬁgé@ ehn[dﬁ?‘riﬁ"%e {E:gs?rhgtuﬁes alind asse?n lies.

| C are not 's
recrystal | i [@808on Bfe feblidagomot drfiConashinvelveimpidndina depant eem semichriuctl

ener gy canggg,stgge’Lﬂagg,eg?ggmgw@gﬁhéEé@gtnhon of the anorphous silicon

wi thout takin ris amage to t ermal |y unstable materi al s.

It is therel08PE deBierieglaning@er PopPTReIREITscMs ded ateps gmeleriies eig

anor phous HegaRRsa semiconductor substrate to drive the dopant to a desired depth within the
substrate, and may damage the substrate. For instance, if the dopant is driven into a
monocrystalline silicon substrate, some regions of the substrate may become
amorphous due to interaction of such regions with the energized atoms or molecules of
the dopant.

[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 1C 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 |C 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.
[0012] FIGS. 10 and 11 are diagrammatic, cross-sectional views of a portion of a
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 semiconducter construction

and/or to induce crystallization of semiconductor material. The microwave radiation is
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enbodi nent gjlicon of silicon-containing semiconductor constructions, but does not couple with
metals, metal-containing compositions, and electrically insulative compositions that may
be comprised by the semiconductor constructions. The term “couple” is utilized to
indicate that energy is transferred from the microwave radiation to an indicated material,
and the term "decouple” is used to indicate that the microwave radiation does not
transfer energy to the indicated material.

[0021] Microwave radiation having a frequency of about 5.8 gigahertz is found to
couple with silicon at low temperatures, and to decouple at higher temperatures. The
coupling may only occur at temperatures less than or equal to 500°C, in some
embodiments may only occur at temperatures less than or equal to 400°C, and in some
embodiments may only occur at temperatures of less than or equal to about 350°C.
The temperature at which the silicon transitions from coupling with the microwave
radiation to being decoupled irom the microwave radiation may be referred to as a
decoupling temperature. The temperatures refer to a bulk isothermal state.

[0022] If the microwave radiation couples with the silicon, the microwave radiation
may induce activation 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 thermaily-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.

[0D24] For instance, some metal silicides are thermally unstable, and conventional
fabrication of semiconductor constructions would not attempt activation of dopant and/or
recrystaliization of semiconductor material after formation of such metal silicides. This
causes difficuity in designing fabrication processes, because there are times when it
would be desired to utilize such metal silicides, and yet the metal silicides wouid be

formed prior to the impiant of a dopant that would subsequently need to be activated.
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[0018]FIG 17 is a sinplified block diagram of a nenory device
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effects of the radiation on dopant activation and recrystallization are cumulative if the
radiation is applied in multiple deses. 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 censtructions having a number of
fevels 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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t he sem cotr@un-q:)lamrareglmhs Whateeanedgsfm“m bedardbduepant species interacts with
monocrystalline semiconductor material (for instance, monocrystalline silicon) of
substrate 12, and converts the monocrystalline material to amorphous material.
[0041] The impianted 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
3



[ 0033] Gate stack 14 conprises gate dielectric material 16, conductive
gate material 18, and capping material 20. [0034] The gate dielectric
mat eri al @Y woMEedsse any suitabl e conposition or conbi PEX/USR0%I54475
conpositions, and may, for exanple, conprise silicon dioxide. WO

2010/ 03048@%/ %‘?‘grbrfb%f(?éﬁér?sszdQ%&ér@&%ﬁ@%‘t&%@ 0'?% rS’) alfhelglé n of the

conprise any sui I on or 'ons, and
may, for exalmw@ve purprhise ivfdable taiwpagivaigdhé dwrutrmﬂah gnmlaraiyregtons 26

I nstance, 8 abbiaRb Wut@sttﬁ'ﬁ):outrgﬁtrﬁl ul%QmI'ﬁé ulg'egoﬁ%ib%bé kfiktion
(for |nstanc met al suici de nitri

conduct i veljaydspeatalienpremiges @@fe%ﬁ@@@n%\wﬁ"q mrlmp ABYragiees at the same time

conducti Ve'tb(at@i@é)&%a‘ﬁt 5| e Bfked. [ﬂﬁ%%@%@l@é Bgmfé?év@vb%dué’t%n'é about 5.8
electrically insulative, and nprise any suitabl e conposition or

conbi nat i orﬂ'Q?P966H1§M§WLF”6H§°USFYd’}ea| q‘%?%%d@gw%sawﬁm@erﬁﬁtchw mEteriFhg!

conpri se O%@bﬁlﬁaﬁém)g%n@facﬁwdté gépandi oxide, silicon nitride and silicon
oxynitride. f electrical [ sulatlve si dewal | spacers

0%&03(7)%A gal r %% Idrf}
22" are al onfOfk oppHISFHTES PEURHTY-LNE FIRAVAYALTSSY SHIZYIg BICEVYR . The
si dewal | spadigtic mmgmrqmuew cﬂﬂpomm&@béreeruz@s“rmasuhbmfrowave:mdiatmsrawmon

of conposi t] Fd;gi.lplglwlthqﬁé{sﬂnc%%rat ft prgl?a ures%v%%rdosr%t ggct%egr gcramt 5%0‘% {in some

silicon di GXV ORI g S I e oxyni
embodiments which do not exceed about 400°C, or even which do not exceed about

350°C). Thus, the temperature of the semiconductor material of substrate 12 will not
exceed about 500°C during the exposure to the 5.8 gigahertz microwave radiation, in
some embodiments will not exceed about 400°C, and in some embodiments will not
exceed about 350°C.

[0044] The sidewall spacers 22, and the materials 16 and 20 of the gate stack 14
will be transparent to the microwave radiation having a frequency of about 5.8 gigahertz.
The material 18 of the gate stack will be transparent to the radiation at 5.8 gigahertz,
unless material 18 comprises a conductively-doped semiconductor composition.

[0045] The substrate 12 and any conductively-doped semiconductor composition of
material 18 will not heat to a temperature in excess of 500°C through interaction with the
microwave radiation having a frequency of about 5.8 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 gbout 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 recrystallizaticn 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 matetial 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



[0038] Referring to FIG 2, dopant 24 is inplanted into substrate 12
to forma pair of inplant regions 26 on opposing sides of the

t ransi st or wgete)/so48¢k 14. The dopant 24 may be either nRPAHPRR0EV054475
p-type, and accordingly the inplant regi ons 26 nay be either n-type

doped or prﬁé&Qﬁ%lgfboﬁéjutihEgH ﬁ)ﬁlﬁé@ S%Q%?Qg'lér%rﬁrﬁh SRBRY billBYer s of

sel ected fromthe group cons oron horus and arseni C.
Al t hough oﬁﬂ@le@ﬁi%tqi@m@twged Wperaning m@grat%@tcruép@ﬂpf)ﬂenwstbamméyr’@@dtﬂﬂﬁﬁt S

there may %th%%ér%ﬁal'ﬁmie%ﬁg? Ple éﬂé‘ilétﬁnﬁ{/ Sféwﬁﬁéer@?asg%%ﬁa% ey bdom
various different |rrp ant regions, such as, for exanp

i ght | y- dogi@arayed inadraiad PE@%”&Q%‘POW%tOﬁ@Qf?@H@t%&'"H@%W?V‘?dﬂdeﬁﬂ present

regi ons. [ GR2Alidi)ecihive! t8fte inREIQHcirbit BBYpRRNEARSINS RGabiakRl Wilizisged
with a transistor gate conprising the gate stack 14, in that the gate

stack is efCPB‘éEW'%aﬁ y51899S; zed as a mask to define locations of the
i mpl ant r egjopag] durmm@aﬁsmorlgaw Qdadki 1acardf coflinély-ddped e§i0ddPd he

he. | mpl anCOPUROE AR ETEALrG) Py olfET P e BaBHE ot talehett

interacts mahhsmm ochugstgatdr emnmemt:mudlmutlogrc aad merr@fy ¢ffirtegratesitsgsiens.

OO Yt A bcs B4 ERBiE AURS! hah el B0, FENKEH S i oo

nnnocrystalllne ous na
dopant at tdweamicoeeiosi ﬁ@:es$ mgmowf(DﬁP@J ), and is vmthm% pigghdriz miptogese i t | aI

posi tions adhar@thaf B S4B wswmkeopadrm tHé‘foﬁnét%hto'r e srAmct ure of

t he sem conductor materi a {ag% substrate 1% pant needs to be
activat ed t@o#Ehnsfeferingde b6p4nt PeHes of %ﬁ‘%’f"&@‘dﬁrﬁ%@fﬁm@tﬁ’@ Idgtice

structure heteaed! BRnideRambeniglwil BEDiaMB das@BsiFI@d & & etfzeaRo bbRribe
conduct i vi t?((%gf the substrate w thin the inplant regions.

[ 0042] Ref eft OV ErEAPRIOPE st ruction 10 is illustrated after the
constructi opnoha]s thxmsmd:oh@rnaesomthMdumw sobsBER T2adhdd | p@mof

h f her.t . table t
oo S | NSRSk R R il SRBERGT kel a0, 10
t he i npl ammat@@lso‘r& 1Bca1nd|29(1ma‘rmad tiycuseedtlalmiveve regions (illustrated
by th t t | ‘

3. The durbepoh rupfifipebaloante dbhdhe polia SEAHIEY FEARRE .
activate t h@Oaﬂparﬁonﬁiryﬁim J0raoaavmpriees Bres iZelantiegloes 6,610 atdo@iwierg e
m nutes to4gbitasBed ﬂ#ﬁla‘ﬁed itfaG&uBstt€ 18] TR Mpﬁ’é’i@\’é‘gldn%%a%tdeorﬂa BEY

recrystallize anorphous defect regions wthin the i"npl ant i'ons at

p
the same t FpRed Wift eithes nd%ﬂpant§f@dewﬁqﬁ@at Pfﬂﬁ&””ﬁfé”ﬁ@'ﬂ%@c n
m crowave gambAddsaRe finAROUatdsB agil wﬁfptaat regions 38uhé 38aeks secbeadl

damge 1 egl ongstt (LR ABTSOBIRHRY  FRIGE e 81, aBf AR AZiond B8 anc
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 transisior 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 {schemnatically 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 1o activate dopant within implant
8



[ 0043] As di scussed previously, one of the advantages of utilizing
m crowave radiation having a frequency of about 5.8 gigahertz is

t hat t he nverwessessdadi ation will only couple wth the BET/US0P/GH475
t enperatures which do not exceed about 500C (in sone enbodi nents
whi ch do n V, t
3500 Thus OeReoE IO, B8 by Bl R Bt o R0 BR AT eBhsy
substrat e Fysialinity gbamesedeesregispstnossrmmiwithingubsiEateidosure to the

5.8 gi gaherpms Cr@H@%ﬁth@%@Btéﬁdlsotﬂat rh£5/ @@ﬁﬁn&]ﬂ}%eﬁgm&o%érinanot
exceed about 400C, and in sone _enbodinents will not exceed about

350C. | 0044?WH%’8§¥WF83§§<E§%Q $ig Q“etaéﬁ'ﬁc'%ep‘?ﬁé’f dnghy (Ccenvestignal PrGesINg
the gate Stvﬂﬁx'lﬁ é(,‘ilvéﬂfehihe B6nant ﬂmﬁrﬁlﬁrﬁpﬂéﬂ{t rédlorlslB®, BB R@UAYRorita irdktidof

hawngafre out 5 8 a The material 18 of the
Dot e ot ack Mo Eldecte, Hepiav e i 06" PLAP SGR AT CE GG e epales
unl ess mat eié adtivafbrosinps umt 1) bécvadumed/ﬁteﬁaimaw Sfenatalaiidide taar without

conposi tion 0043] The .sub 1 any_ conductive
com conus e ERARET R Re SRl Sl PR Yp Rl Shofe RRRA uiaing
t enper at ur &.8 gIgEhHIES’BICEiWaB@@@lEﬁIhn twghpamietiaton, oelativetth comentiorat owave

di at
tonper at ur GOt ot FSMERHodbin, BAMncctly BLABIER bfen, Joeb Himagan of
18 and 20 wuliiple enels of '@Jtegmtecbe'rqyww@@@ecq prerooemanethbodi menbs degiredto
bel ow abou%cﬁ'\%@&doﬁﬁ@aér@s@%ra‘?@pgg 'sfr‘?ﬁﬂ'éiﬁecﬁlrsl Oh vh'ﬁéh%s@ggé%r r%é%(af the

during the utilization o ahertz mcrovvave radiation for
activation ]%‘P'Sdﬁ%ﬂfeaéﬁﬂﬁbﬁ‘ mPEé‘b?'SV%‘?eaﬁ‘ Ithe-proressingrstagedn phish slopant is

st ruct ur es acih 0] Adiionany, HRFOREAbE bt Qpﬁ licAonEBt Rhibilt na@fbe desired to
constructi on_50 durl n t he actlvaﬁl on aIn%/OJ rec %{ta%% % ation rr?g/
enabl e t he PRE{AIS SYBRE] ﬁwpﬁh'te}éer’a PINElg! Yiae rab%? ormediima lower

constructi @vetluri ng the exposure to the 5.8 gl gahertz m crowave

radi ati on. nee,..saone electricall uct i erraerlalst
oul d bo- sul0PER o BT Bef sEdie PR iR b WprRhE i Bide
are avoi deavhiah mmn&remelooml|camemthm@smfmhorﬁﬂbrqceﬁmg@etmamsmlgm activgtidres,
due to thep

hi gh-t enper a?@!egq'l&aotr?p %@?ﬁé“@él vé['rl{ﬁél{grqg %/% 'n?ﬁl ]}3"2"%gwf%:i)"rjIli gﬁc%r%a Soc'ated
dopant . Aty trensitions) @ stlieideathat drievaingta 10w thrimet engrey reeess djlmemmveﬁve

sil'ici des. |HoweMpéras the hlgﬂ%ér@mﬁpﬁ{e?dwf%uﬁ%héﬁﬁqb%hy(r%?@&b&hﬁ&ible\’wuth
activation tenmperatures at or bel ow 500C bel'ow 400C, or even

at or bel oiieI8HEFIVAYGN ERaNSY &' Hliride \eretior iwqeylr%ﬁa*@t iThre araremeous

to be util bmdtﬁeﬂnélnﬂaegamee mateaalwéoni@of sl makuialsyy R edakiBvatoiphader
classofr‘r?I e utilized in f cui t

I d
conponent s ?ﬁ‘al 8‘?1%9’%%&5 &?F‘ie"?%&? R aeg?ﬂ%n%?dotﬁﬁlu rate %%%'ga*ﬁ‘f@
avai | abi | Id tjcrofvave fadiadioe for dbgess acttvtiior b ematje armbha&emalq)’rom»eedcorporat?d
t t
It Reeg; ngn jn Cfcln f\a@)ﬂ&%ﬂoﬁ%@c%@?&t in Iocg?&%t%h%% {hg%gaqgr a"f'é &MICHKH %{srﬁ?co%&jﬁeg
that may bemfz&i!ﬂl’qooa@'é@nﬁitdot’ﬁfztlm@lﬂﬂmmghaﬂes rret hoqs [ 0047] The
transistor @asa s'iek, 49 RAA-EORBHE! ARLUCAIRRE ERGIRASY 88 Ghenz

conpri sed afi ect transi stor
appl i cat i ondcrewaver iadiagiorsfor eerant patiyaiian adéor r?%t@!bﬁaﬁ@n Offﬁﬂm“@t’dhﬁ%

utilizati ofzidhial ﬁ’]ﬁy %e%ﬂ@'ariﬂ’g{;&w #f sb@élﬂﬁﬂ@ﬂl@gréé/ﬁfhﬁﬁﬁﬁyn o%@%mpfbn%%rﬁ
illustrate a met hod fect transi stors are

i ncor por at &?TEI'ﬁF'Seé?WWQUq%AGWSAGE@é%‘C%mry (DRAM), and in which

g 8 gi gaﬂer[;ousrp crmam@rvag fAEIGAB] DPori®y oftEsartlysHiuagestrictivhisoiig ed
uring t el]lugtgatecti 'Phe consEruc%mn mches 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 deped monocrystalline silicon.
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[0048] Referring to FIG 4, a portion of a sem conductor construction
30 is illustrated. Simlar nunbering will be used to describe FIG 4
as 1 s utilwoediweogescri be FIGS. 1-3, where appropri at ePCT/US2009/054475
[0049] Construction 30 conprises a sem conductor substrate 12, and a

pair of tr arb%lsgi or A,g%%%oﬁfeﬁ%%@% SNUES d'nt(%glﬂjsﬁle{gsf‘zr aith% oTeﬁ%ntré i O\glor

gates conpr he nateria that were SCUSS
[ 0050] Si dewaliprisp deeaxarmpie, aﬁéalmrﬁgwb Ifelagipp trdiang Ascdiginglyl tiedfolatine

transistor rQ%B@%ay[cgﬁgﬂr&é:Q ﬂéﬁéhbfﬁﬁﬁé?;fbvt??ﬂl AlpRRaLABRINLFRSy F A 6% dibant

regi ons 36, wher e dopant has been Inplanted 1nto substrate
12. The i n’ﬁ?sé\*lrﬂtw? gHiasias: Wil ap exaraple instiptivopaigrial suivide {qﬁéF!IZﬁUerlpéhe

dopant or F?rehMrﬁla%{|Q&91ﬂiﬂreg}6nfbb|h§fsm§6rﬁcﬂl§>h§é or construction COWDFISGS
the transi stor gate 32, and the |g§I ant regions 36 and 38;

second tranti088br 2 BALEPER MRS BRSHRRIIS PH%’ sHpsirde 4% owaﬁﬁﬁlg%ﬁay Hd

the i npl anTexérﬂgﬂeoﬂﬁn&%e%dtoﬂﬁogrb@ﬁ%ﬂ,(%ft@heﬁ Ph&ib@eis. f'Dfe rhdtg i B8 ®locks
titaniumsilic and i s

0 | a lons,
utilized t8nﬁlp8 'PZ’ Oj;ﬁ]eﬁ',lbﬁ%aﬁ% 'eye}?é('ngr?ﬁij@n?p?r@ﬂ] g t h electrical
circuitry. [DoeoyetRtfesingite Fe 7i s—typtei dopaetds hml&r&edillom thé exsad portion of

resi stance pOLLL O, ff Fh%n?.'vge‘ﬁts% Cr% Cﬁ&ﬂ%%ﬁéu&’ ol dd é%‘o”é el Legi ons.

Such approac es are al'so used to re uce the externa reS|s ance of an
associ at ed f00&hki sFﬁeferrmg tal Bl BemaganpoiatedlsSAAEIGrvd isdempsehandeipedilof y

i |1 ustrat e@orlnﬁle"r% t ggﬁs‘ﬂfb;@f% n@GO%)r? %Frﬁecﬁb\?qukﬁﬁr% d¥o. C‘Pr %I i %9

I mpl ant regio respective rough the rreta
and a bitl PrPé\aHBGW%'ﬁ%rﬁéﬂlt@&F‘PtW £0 lSlﬁé%Fr%iiaéde|lq$V'Pﬁe di agr am of FIG 4)

is electri c% COﬂBﬁQét@ﬂSé mclum RMinditeH fakk &ﬁnﬁriarnggﬂkb a.&scm@ﬁ@{enm

silicide. Ref erring FIG 5, construction is i.llustrated
after mecr aa‘?%‘dk"éﬁfﬁétafeo’ﬁaﬁ’?é{%’@ﬁga%d $APRENGSTRIS 1B PO a hBNEISISr 88 firganiarlyges
is utilized daft cheibwal spadepanat amd & bhifof ifpladtiegions 76.

[0063] Transistor 60 includes a transistor gate comprising gate dielectric material
68, conductive gate material 70 and capping material 72. Additionally, transistor 60
includes a pair of sidewall spacers 78, and a pair of implant regions 80.

[0064] The implant regions 76 will be majority p-type doped, while the implant
regions 80 will be majority n-type doped. In some embodiments, the formation of the n
well may be considered to 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 simuitaneously
repair any changed-crystallinity damage regions that occurred within substrate 12 during

formation of the implant regions.
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regions 36, 38 and 40. The m crowave radiation nmay also be utilized
to increase crystallinity of anorphous regions (not shown) wthin

substrate W 20[@08840One of the materials that may be paPCT/osd00a/d5y475
sensitive to thermal tenperatures in excess of 500C is netal suicide.

A di ngl
ol ant |58l c e B8RbSH § SRERRM AR I Bt HBIs 7880 3B dbbiey
However , t Femuitanepusiy Wtﬂma@wamoreofgheglmé@rtozlmﬁméms\méntrcémem velh aedalte es

the acti vatj.amieh of i@ t&é@l@j’re&ncf &ty?@ %ﬁﬁ%u@iﬁa@é 13 QKA B2 r%elf“?t al
silicide 42, wthout adversel the nmetal silicide. This can

i nprove verAliginatively. the b?‘ﬂ‘@r%@ﬁ lﬁ‘dl?PGtﬂfiq fP Aglosards gy aa at leastpagiednay e

radi ation fa‘éﬁveﬂ@cpﬁrrﬁr t@ﬁ&tlv\éﬁérl &he H@Haﬂis' Withirt me@ﬂﬂmﬂbgl@rﬁwa %mdﬁthe
For instance, nodern sem conductor fabrication often conprises

formation GRCKAIPYNGIEYPEEPEIPLYRS donapisdirafuly a‘&ti"lat?ﬁll w'Pytoé?@az'@a obineanbne

anot Iher I tre?TBrYs Teateso, saeh h@ivandn Maf @tllld@ﬁ@ﬂbnlﬁcﬁhméthsweﬁraéy ilnﬂht@ 63

si mul t aneous or nore O t he \ a rea

Tove ot deeear Byt e R ot dbte ha TRyl TPe AR S e gt oy

activat ed. pédriilw adivatedypriot h:e‘omamay_ohmpdﬁninmrgxcmppbla@atsomh|p|artwhau1|hatloh

may be desi ha %r‘gghll}éﬁ$ l%;aI!u{'rt IC 09\}%% ra{ a\{lg af gﬁ? %%ﬁon of the
Ire ‘oF redY PR f FBY"

sui ci de has been [ eve
silicide i @amowrrtype apfl paymcmanalma/vrbe:@mmetemémmlthqsmgwntve

and whi ch Ry, 6588 £5 %%a‘éﬁﬁﬁ&m@e r&u&%‘i@@&ﬁv‘&%k 965&1‘?%&huﬂghéj‘rhpplafn?

the high activation e at are conventiona utilize
be the | owr%ai@'ﬁ/?ﬁ@flﬁwscénergy associated with transitions of silicides

that drive ebPP ardOwitRRhRb. sa)ighatz Hﬁ@@\ﬂéﬁe rhikSor oA ANENER: ofltma,
ot her words, the hlgh t hermal ener ul k anneal | ng n

t
conpati bl e dapaHs MHEIN mpRaepigas 7’%?\%%5’”@% eggble ther 'Eff"bre?ef’?'HYf‘smgieaﬁ’sﬁ%be
unfleSI riabl @m&teameformlmgrme @wmswmmm@nowseraltrbtegmmblta)éumaﬁ btﬂhw]?[laants
materi als S ensil tl 0O Spl Ke, or as
e Lo hea A8l oes 75 S R B ol dBeE G tier § 1ok Pet  Sutd sl
5.8 gi gahe!ahd shicnesaver thadh@dnt oegidrer 76t inaheneatbiodimeantsy/(netstiolve)
such rrat er ' !a%r Rﬂ%hé)t%e}n%@ 8ﬁ£ @e%ﬂ?tgﬁéfg {fBlalpgt%lﬁcaet ln%ﬁll El&@&)srﬁﬁfbé farmed

e utiti1zing

| ocati ons ere ncOr
convent i onaverdb@amlalacreglm brion tontbe Iagtﬂ/@tl@gpfe@paﬁmm] FHcE8nplgrigegions.

illustrate @g erw?e%vhﬁ@bém uhekien Hfi’ib'g?g%ﬁ%%ﬁf'om%vg %%R%# z

m crowave ra |on dopant activation and/or recrystallization of
sem conducﬁétFVaH%H @fr‘?%nh%{vﬁcﬁéryé&uﬁﬁfﬂ%(?ﬁ@'coa%@ ﬁ%ﬁi?"l‘qk‘c%t?@ﬂ to
i | 'ustrat enfi@emakicfRrebl cﬁ)n%ﬁ@ﬁt@%@ﬂﬁé’i e W@hﬁéto%lﬁﬂs&%@b@%dpﬁlﬁﬁance
(CMOS) construction. [O0057]Referrin ortion of a

semi conducPBRICRRIHAY GBYICE fbsieat o fea %WP&F@HSGWH@%@HQ{ AueyRSfloped

;3 nClCiUdefi ar@&ﬁdrf@tlﬁaéﬁnﬁ@%@p@ﬁmd}@@edtd\lot'rh aptidagp ef cd;@aﬂt@tdxf(usélﬂm to
e doped t

Donarbrd L hehPine répie ang o Spd tREHs 2 s Bk 1 Rl S BT o SRR e

silicon. Woe26dioiy) BiBHAGTd SRE69the 34 TS afd bk Aegivsdieabmen bluegd cand

52 extends tHerHe(PfoﬁHQr?cIerd’?tﬂ?e Jigde I’EQ’? bé gmeqéélf&féc?&li. e e[mgntage 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



conprise, for exanple, a shallow trench isolation region.

Accordingly, the isolation region may conprise a trench fornmed within
substrate WD 2np3p4skl ed with one or nore insul ative natEBCT/aS2009/084t78
an exanple insulative material suitable for utilization in the

trenched i g gga%o%gea mmg&wa&aw%ggaﬁm |e1[v9@§a%h‘ha9ﬁ\pta%&sﬁgs

maski ng mat 'S oV strate
exanpl e, cHBpYilySiorphvito PrivRrodprapHisean gonsstte érpmé@ebhaﬁ@rmr@t% ani&o

materi al 5ﬁr@gmo%%.@w¢ %g@mspéaaqf&qe?%ﬁ mh?eﬁawgé se.hgemMétrb@ed asa

anot her portlon exposed Referrin FIG 7, ype dopant is
i npl ant ed K¢ Be‘f"ﬁ?@” §3@p’6’§@65 8‘6?‘{“# B Mh%‘ebﬂﬁa@ é+iezet8@r¢ trsiade, in sqeng

56 Fnge g \éﬁ{dogim?enww:aug @orhan@t@aeef.b +ﬁﬁ A; nJ- Qrvceh le\[efllgrﬁa;} B@ﬁﬁfzédfj ith
0 maskKil n eri n a palr

ol ement & 874 PoRuIS bana s Ten s sotal %atr%lﬁ e aisstors e it B+ 6 n+
Transi st or |h8lsi iy g}e@tbamaalor el meaboanﬁbz% atamsicefpr 60 is an
Conprisi ng GRS’ i Hreeebrt BAGhEh e ey Bs s R coRobBar st T o g
and cappi ngypeatopantdhtoGlaterfal 82.s Fetinstarid®  first hask (hoicdhudesmay paidilized to
si deval | B%%? bie égﬂqiaﬁé;gﬂ% é)ﬂ?énrd é%fwﬂtlmoggﬁt lg frgnla%?gd |Zt% the other ?f the

[ 0063] Transi's es a transi st
di el ect ri cregers: ilak fi68 maskmehydiéntee I@atosefﬂranférapﬁlceﬂmﬂaﬁée@mdﬁmﬁy (not

rmat er i al 7%hovﬁ§%ﬁ|érprﬂ@élés3whléh'émf #eHegiBls Qc‘ﬂﬁrl\dj ﬁa@jeeﬁ{/éd Ak :rﬁblgﬁt\’\@hde

spacers 78, and a palr npl ant regions
regi ons 769gp3Nt '%@PW}%’PW“%WW@J tféﬁ)ﬁ?@@“%\ﬁb? 8eCRe maﬁbmmthen be
removed to leave the construction of FIG., 10,

[0071] Referring to FIG. 11, the n-type dopant of region 94 and the p-type dopant of
region 96 are activated by exposure to 5.8 gigahertz microwave radiation, with such
activation being diagrammatically illustrated with crosshatching of regions 94 and 96.

[0072] TThe activation has ied to modest diffusion of dopant across interface 95, with
such diffusion being diagrammatically illustrated by dashed-line boundaries 97. In some
embodiments there may be effectively no diffusion across the interface 95. Regardless
of whether there is no diffusion, or modest diffusion, the utilization of 5.8 gigahertz
microwave radiation may enable a p-n diode to be formed with a much sharper interface
between the p-type doped region and the n-type doped region than is formed by
conventional methods. Thus, utilization of 5.8 gigahertz microwave radiation for
activation of the dopants of a p-n dicde may lead to fabrication of a p-n dicde having
improved performance characteristics relative to p-n diodes formed by conventional
methods.

[0073] Anocther 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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regions 80 will be majority n-type doped. In sone enbodi nents, the
formation of the n well may be considered to conprise inplanting a
first dopawo a/3mg4+a first conductivity type (w th suckhCHUsee/dagant
having an n-type conductivity type in the shown enbodi nent); and the
formation ofy rise
ol ant i ng S oEcont e hal el Borb Gl AR anlang BF Rl
opposi te t danatheals (nos ’e‘hQWm@ﬁ@ﬁ inteorgjed Gippait cppstiupiions Ho®n W@ﬁj@dﬁ maninclugée
i mpl anti ng pfctddaty &ﬁfﬁi@@tﬂred%é‘frhtls BRI aly TR Adtve h@.\@érf&ﬂsan%mr'séﬂcﬁnduchve
contained within the inplant region formed by the I'nplanting of the
first dopamt@lgiidgls-ot her words, the p-type inplant regions 76 are
entirely copoab edM@mbryd@||t1b¢c@nweg 8de cr[aag@ﬁiaPe%ﬁdalH&Nééh eﬁbeﬁf of9,

the dopant t tivat nd
accor 0 ngl PoEREA AR RSB E0RE dBAUE o UBl | il be outof the

sour ce/ dr alpranlee;gtmossTé.@tumdSﬂ Rr@t 1 z)lan@ihdsfesrdmmﬁblésh@ﬁthhb Joriphhtamt

bout 5.8 JCindPe Zockie g H AT TARBBULTY VBHAY ok WAL S o

changed- cr yist plhhe ofi thy cdasagaion efFitnd 2t Mat electatasethywiohiprise substitabibe

2010/ 03046 5B T ELOBB8 R oL IR Bl v aRon of Pasisty erisiipan:

wi t hi n i nplcampositgisoaryd May.dedx8dpiergoroprisgr caisistibssentsdiy of, ywr virtskst of
act i vati on qgfq e nagkar AuichrBudiSRRaLRRAMr oA e
activation o’? t he %ack roundnputypea%opantloé %ﬁssgﬁ straéltogg%f{ah
adj acent tﬁ@mﬁlmﬁ@lqompAP'i'%rﬂ%atl vely, the background n-type and p-type

dopant s may[obgzpat #r%@atchmg{etmab la{mgma\y%ménwa sUitol@Ebrh¥&HitiaArbr Of
t he dopants wthin the i nt reﬂl ons 76 and 80. If the background

n-type and PTPYBECFaMPesHINg. nfl | ?O%ﬁm\;’é’?@be”ﬁma CRMBPISEr $RYESbNn of
i npl ant regsmmalwa)famd:oaastcﬂw a@tamtmr@rbf ga:ynamium laamswmmmah

backor ound W05he Miscatietse! HERG 118 & GHEARYS slefodiesF s it
prior to fod8rdulingrihektorags ﬁmﬁormgommghéﬁeamm 108 patwedbast foadletermining
ectval | o0 GaFBRL bl eatachio®n S IR TR
dopant s rramewrbmfb'loét ed during the subsequent utilization of 5.8

gi gahertz "Eoﬁféjwa\{\#erﬁég'c@ﬁ '16% ri%@é bi&e&nh Hgﬁﬁ?tﬁ\ﬁ‘b%m&n%nr of

inplant regions 76 and 80. [0 he utilization o ? ahert z
m crowave P@B’ﬁr'é?llyd%ﬁ’”?“dﬁt"’%élePWeﬁdﬁs 8nd f h2 (tae plasttadevli1Bhyayld tRorud af the

regi ons 76paRd oﬂmerévaésesaathﬁrﬁafFt@ﬁ@ahhd’m&erssshbww @@stheamé Sr bRarliém,
utilized in f CMOS . const r uc

activati on"'8‘|"’? ﬂ]léen%BﬁéﬂﬁjFE m\ﬂytbﬁlcﬁn”‘?%ef‘% q}eéa‘r%g (gt %ﬁﬂ’gé‘dh'% ISy Rh

occurring feipne o theocroed-sationdf RIGhe2. Tied eedtiddes anslasd T18MhbY esmsriser

t he i npl an n Q, t her adj ot wn) one
or ore. ¢ nepha S Edmi RS o el rEME e PPE TS RS P de)
may be for rfe@8Qverhabechangeantteriaéyl omay pompmset@ytshéatae:commsumn oof

d t t

e zat | ontrpRR ot BB ARidr ST oo QRN ErANANARTRe Hopsist, o
dopant andP%ﬁent‘,‘?Wﬂ‘aJFICP'Z%?etlobﬁSEf seni conduct or mat erl als extend to
humer ous elgggaqi Caﬂhe%@”&ﬂ@éﬂ@snﬁ% é?.aahé% bifiSed a@rn@txﬁé Q(E)l%fqg o wbﬁ‘ﬁgﬁon in

above. For i nst ance, sem conduct or devi ce fabri ¢ati on req uent
conpri ses HEMRITFYeb 06 and dujnsdha sssinord ifemagien lemitye @g@prysqe"a
p-type dopgshisg@knio e Lftlﬁidl’b@oﬂél@@h%deéﬁ1@9fﬁlﬁﬂf25|ndheflfebl§|ﬁgﬁﬁ@{?6hﬁr§!ﬁ

n-type regi ons and gi ons across the boundary between
n-type andr‘%a W?b%mPE@ﬂy‘%g ?he interface between the n-type and

p-type regijoreR]beaosphadd mah@éimawﬂldlstﬂ% apenfiommneaciefred icadtiradadmay
be adversel affﬁﬁcte An ag W@h‘i utilization of 5.8
gi gahert z C@P% 5‘8?%{‘13 eﬁ' PE'Gati on duri ng
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shows a portion of a sem conductor construction 90. Such construction
conprises a sem conductor material 92 (for instance, nonocrystalline
silicon) hwoaeg/as048egi on 94 heavily doped with n-type BORESHINESHINN
doped to an n+ level), and having a region 96 heavily doped with

p-type dopa a@fhomaf#%p@@dém% 148484 gmv.ﬁg&béﬁgbﬁﬂ% rﬁémagge[gs@&fe

fop s a8
shown to be directly agai nst each ot her, an interface el n
i |1 ustrat ednds!08- ITﬁﬁé'qgéﬂ\%BéﬁmP'F%Sraé&deﬁtO%mﬁteQ@ 123 qrwdbgﬁloge%@md

n+ | evel S eubwnlséya% &élﬁk@ﬁ’duddﬂ nﬁt@éﬁél ﬁﬁ)qﬂb.mﬁah 80 YW dnRsksh 8 Hi&b@@i PE
of p, n- | evel lé{%fdﬁe utilized (wwth p- and n-

Cevel s be n"&bi doe i @r!S@&a@{mP&ﬂ ltiveytpgnarpennspis 4 anddOfi t h p+

and n+ | evelopshpi nghegécﬁ@trecﬁnohhaomyb@qwedtw fepant sekRicortfuBiaB matERal 122
ant i n

0070] The regi.o 96 nma forme

Eiopan% and et ? B& &863%@? r%ﬁ“ésd'aff’m@?g th%’r”"?%@a?\"@é %{“‘P?'%/CE‘PtOFrask
(not shown)matewal be2 bining eemitendukioe katsnial 2 dvbetheagiir®) an@thea iehmig the
whi | e dopa e her of th 190, The first
mask may t%e c!t %%é ﬁé@%%ﬂ gré é)%lgveéhj W00£d§§t8 geﬁ'ﬁ' Ig'z( not shown)
whi ch bl ockEI0&h] ch@arsicomndfuctdn erataiglsor?® 294 148 dh&ohpsise anesuviteldet he

i mpl ant i i
sobond. s £oEoSRESH ol 8kibobllbh, BT Rl B8 by Phard Bl Es og®
[0071] Ref elaﬂpﬁﬁ'gr erongy differifiom phreanptief ecaiagrgiion ofn $asp enb@imemsl t he

p- type 'dopapkcdhdi@stirite@4s @ﬁ.@arﬁp$42vlﬁéy?ébnb&/ns@x&ﬁ§féfé'ss%ﬁ’t: afy B, at gﬁ-@%{ b

m crowave radiation, with such activation being di agranmatica
i | | ust r at edIRPEHSEMIBE SHigqn: hi ng of regions 94 and 96. [0072] The

activation foage] edrHesamepiucte hhteahlon2 @bmPasan d@féﬁ@f{gﬁ%ri T%@%E@gﬁ?tﬂé
asne I nhe

wi th such |ff si on tically illustrate

boundar | os 69od R85 AR 56 phestiietie) B4 ArRaS perobey R mater
di f fusi on a¢e ossptides & dupetifregien Db, aiegautidrenpedfegithetddetirettiyeryainssthao
di f f usi on, d8 d*}%g%ﬁtmﬁl' ffusion, the utilization of 5.8 gigahertz

mi crowave radiatron may enable a p-n diode to be formed with a much
shar per i nt[@P8&ce Gt olden doprsl rpglow&&mmwmw enrefencidith es ailtsypmed

doped regi PdYi c%rhﬁﬂd \s%%@{][g‘lﬁq§m d@%gvzﬁ*ﬂntthg Bler gﬁﬁ@ﬁ?ﬁed r-gglpﬁs m

utilization wave radi ation for a on of
t he dopant sef@reChtOF?Srﬁ $hcene derey 'paian and iF @Bioriydtiyps depeda l@swbsenm;té

having i ”pb!f&’:@é%lribeEH@&%HQ@Q]&WZ&%@HQ@H@%J Shaddds n%’roﬂax?b ﬂhﬁﬁ@ﬁ

formed by conventional nethods. [0073] Anot her advant age of

utilizati oRPWRY & rgAWaNsH RERROM! BiB Qﬁﬂé@é“’r%’f’%ﬁ? idBP@rftWthPﬁé'C%@!‘?ﬁe\‘}"d?Q'ﬁrﬂﬁ
of dopants (aai‘alo@opslfltdihedamaﬁoﬁ b@éusseu:hbcrvewmrra@@cb lﬂﬁF@@ Hy ahcu @ﬂ) to

b d d af h

oroxi mat & REOHIEHe OREP e s Balohs {F2 8tk A ey b e S Bnr b daeschr
const ruct i cagichQand is ragjority daypmdamedmr@nh@nmgpd)feh@dmdi regiohs may adi ch
ther el 1 Y- RgRRLd 1ol SBLERA BaBbfiol GMTEABILAY LS abhdl iy SRlEuer

[ 0074] The sem conductor construc |dn I'nc
substrat e pEResAEptetdanpgd segietisr14dfanthd A4S may del dxgoskBido anctod @6 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 matertals utilizing conventional processing because the phase

change materials tend to be highly thermally sensitive. Accordingly, the thermal impact
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WO 2010/ 030484PCT/ US2009/ 054475 [ 0075] Substrate 102 nay conpri se
nmonocrystalline silicon and one or nore materials (not shown) of an
I nt egr at edwe 2000413048¢onst ructi on. Such material s nmay I NCPCIES2009/054475
electrically conductive materials, electrically insulative materials

and/ or sem&em}é%emﬁ%l ol E&t%ﬁon RIS ﬂgﬁaweit@@%%rta@ﬁ{% eEATEphRBtnange

phase change materi etween a pair
el ectrodes Materiaihd 112 (the el ectrode 110 woul d be out of the pI ane

of the crosmogsrt i vk &;nSF h@ron]laﬂ c@rﬂﬁnée@%ﬁmic%né%ét@naq@%dl i€, or

phantom view). The el ectrodes may be connected to other circuitry
(not shown) formccaiter tediitt Phpse ‘FY@”B? ARiergk 1G8hand piisg 4o Keseran Rbesepignge

12. The el egdiemdess MBYcRARGY, IIEEa@MMtichLr PR withBGbgibead 34y 18@Ndughi ve
conpositio COfTbI\IEIat i on of eE%ﬁt rical conductive conpositions,

and nay, 3%‘6&%5?&9%3 < SorpativRof thp st Hiase shana mpteyjal dP8, byt Mg Rsedt  of
conduct i velbyfod@pe@rteswnmamduah@sema@ha@ chaMgd nﬁt@an‘emal s, and/or

vari ous met |n|n coynosi,tions 0077 e

168 vy conPPEl B S R R et FleebRa B SRE sl 18
conposi ti oak),ngamjmemos}oamls afbeud neh bpngee mmn@nsmandcamrnglﬂﬁ diodes 120
essenti al | 0 ni um

ant i nony a)rél1 fnsﬁl%ﬂfé ﬁ%tgﬁ%lé%ﬁ CIO%(?{'?%?J@S%%@%Mp%gona%
utilized f@ﬂmalntamri fpfg:ommgléort,shamrg@ sEeamdinss way cogpiseenstoobatyef of

i nf or mat i 0gjikdh LiBRISBARENASlitiad 04, as well as for determining the
state of phase change material 108 during the reading of information

from the mel®BPY celherhase plyoeo sy Band 11dareermmnied thiimsly

change nat @érhsﬁ*tivelrﬂélm ToydRght AaRdials t@étn@d tligad thhétﬁ@ﬂH?,rtde}(@wzl and
el ectrodes, 116 the el ectrode 118 would be out of the plane

of the crod¥s f@?"vﬁ%'f"ﬁme@ﬁa lerpRntmataiagimay Re Hiead -t He, or
phant om veemamm’éh& @lte stichosties ni@yior eletrnn@ateeit sttt @finyg for ekarbplet 1y
(not shown | s out . t he plane of the cross-section of FIG

12. The el 86tY '8@é/srei'i%'ea %e B may conprise any of the conpositions
di scussed db092] r dgadistivsgeddmge ribeelecidl & Shdigdisttz mic@B0¢ Rhitdien aleange

material 114, ey RE £8oddfesith FAPLE SCRMRRSMH Qe sequential pulses of
microwave radiation and/or an amorphous region crystallized with several sequential
pulses of microwave 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 iine 203.
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conbi nati on of conpositions, and in sone enbodi nents may conpri se,
consi st essentially of, or consist of GST. [0081] The el ectrodes 116
and 118 arwoupiddase4dd during the storage of information PET/USRE0VOSHTS y
cell 106, and during the reading of information fromthe nmenory cell,

anal ogousl y do@s{ heNM%éHohé@BbéﬁTe@Bn@ér%%lrn%eﬁ v%rm Eﬁn:[(vrils]valifu I rsBGction

reading and witing relative to nennr% 0082 e phase
change nat EPPavigh @@ Phdoretiegiens baing ?@ﬁWé’@t'@Qﬁyél@SW‘P@ 8S [IPns€86nd

phase changepneisepb@lossi suos oge 2&3*)22@ PEd 80 ané‘/‘QQ The doped regions may be
2010/ 030484PCT/ US2009/ 054475 [0083]] pair of diodes 12 140 are

provi ded betilgEgdionhEnsiRfoRYPeses) 50 ﬂﬁﬂa%ﬁ?dtr@dﬁge‘ﬁﬂﬁe%re%’@ 289 ithin

conpri ses @ui§§f§t§9&@Mé§/ pE a@tt@ﬁdg&b ibR,Avheddid dids i Bd@lodddregRRPHages a
ne 150 is  bet dlodes 120

sem conductg rm[terla] é42 A b| ie\oa t

and 140. THEKEY Paytles aPésau%’SrWﬂi?\r%ﬂot”ﬁl?Pé“qnélo gs tPB Re%Bry cells
104 and 106ondc0@BdfrimGestconstructi on 100 nay be forned by forning
ormng. ¢ ncliBPOT ] et ta 5FDe P Rs B R riEs WEor e B e e
seni conducsageseiaiveab olelathey eith theddpet Fégies imie Ioheriedatr grneglly being

el ectrode ﬁ}gﬁgmegﬁgykxjPg&réﬁggfgﬁgéu%%§b§gg1conduptor nater!al 142.

[ 0085] Sem conductor mate y conprise any suitable
conposi t i orl0887]cortbispreicoipodimasipsloped waiwn ahadpwarjevisk(fartiestangseone of

conposi ti OfheAsgBRE 2801 @B ES30b3dRYd Sid) hily b eHen & @é’é’ﬁ@?&odeﬂ reglon and
conposi tion. In some ‘embodi ment s sen1conductor materi al s nd 142

may conpri 86l0PeRrRgiastatadugher fexel (pr istange, %ﬁér@tre@fmﬁ%%@r%%mav e

silicon. referredto as a second doped region. A first pulse of microwave radiation having a
frequency of about 5.8 gigahertz may be utilized to activate the dopant within the first
doped region. In some embodiments, the first pulse may be conducted for a duration
suitable to activate some, but not all of the dopant within the first doped region.
Subsequently, the second doped region may be formed, and then a second pulse of
microwave radiation having the frequency of about 5.8 gigahertz may be utilized to
complete activation of the dopant within the first doped region while also activating all of
the dopant within the second doped region.

[p098] 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
simuitaneously 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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[ 0086] The sem conductor material 122 conprises a doped region 124,
and anot her doped region 126 directly against the doped regi on 124,
and t he sewioconmdsotser material 142 conprises a doped reptDusahdds4+and
anot her doped region 146 directly against the doped regi on 144.

[0087] Cne ngf l%%?%q ﬁlg{/é)%[aliggnﬁgge]aajus %@aﬁ&ﬁdﬁ %5900 gy 2
first dope I on, orit e ot her of

t he doped n:élgiaéwsomtfweotheﬁ@:dpwtta@twagoraammidhmged region, and is

maj ority ngsmgl dopitbugh hSHBRBRLEMCRH OIS SEHS, 118G HaRES: BFAANS
124 and 12 be exposed to m crowave radi ation having a frequency

of about 5. @f@?ﬁ%{h%fr'*effgﬁa@dﬁewmfae ddigatinn ahStdgigrherig migiepae redigiehmay

(anal ogouslhg ppiidd® oAedris¥midoRdu brIsstRaRsth RBESedhidhdr eFRbaREAts O
FIGS. 10 and, 1 Anal oglguﬁsagezc one of the doped regions 142 and 144
i

may be ref &4 g fprgzay 48P EMFMG on, and is majority p-type

dopedOI gnd[achmpt hetie @ifuctunes Tdﬂﬂ@:dby 18g |n¢zm>mgFmd rwfma)ege n@o@8rated
secon opec i 0 i s.na e, dope subsequent
processi ng, ?Haﬁ%ﬁp%‘%f?rf’a’&%ﬂ@m Ié’a%dg 126' L‘r‘ﬂi?tet?éa@? c%eé% OP'B%W%ETB\W%‘/e
radi ati on meay uttjzecrha @quercy swfh siootutess. 8 i gahertz to activate

dopant wi tﬂjoﬂggfchFI%Oﬁ)gﬁlaétr?%%s?%\iergég@ﬁgh OTQ%O El rra? nQSO neéueltl

108 and 11 be consi or ned sem con
mat eri al s F2ste@r@OiarudeTigeneoniior ﬂQ*a@riQmer@brmheICBtI® gitgatiderice, ahewbrarwave

radi ation Q@!%PB@Q?%UNQ&BHW%UY‘?%%G‘ vy 4 %‘iﬂ%odrg@@f’t MRS NRAr by

phase change materials (specifica % IS at a tenperature at or bel ow
500C, at ofM@YIAHW VIOCPrasPsEy 4AC gf oBer d5da BFRCESDQ)UNitadd & dast enavgesiory

nmay be condugbedogy rmbmuﬁy dia@'[célélﬁBMaytc@nfph@e BNasE Ghadiesy BIsCEhdbfh | N
contrast, it is diffic i,ode %éom mat e phase change

el Tal s BUTRY PV 6 cEORGHT aﬂifﬁsii%@@gmg A EESHSANAIHEUE) FEZoE FER

n'ﬁt eri ial S trmfhgw Aoethé, ghalt ryemh@rcgmlairagf[ mesn?e bcbl}[p%d tﬁmfﬁdiblﬂ@hy’or rb%‘tﬁhg

t her ma ac conventi on an actl, vat,l on ods t.en (0]

et 1 ment abRg eyt b e SR o EirH B AR ALY [ R PRy B ey PR e e

const r uct i oomERDgdTopratise $etvern comouyg tevicarBaridglreceb8a 406d SLidi2isf or med

after the fi Lt @Pﬂﬁ b@ggeggraﬁ%ﬁﬁé @'{o Po%ﬁmam SRR RS Haeaés%&g%ck
CCOor 1

phase change L eria I ngly € activation of >do

wi t hi n r egiigasam,2ie addressingiarcdiiy isliitiatedasdd 8 @nd dfe read f:mwtams dinsteted
the first phase change material 108, but may occur before or after
formation of the second phase change material 114. [0090] Construction
100 is sholRR1eYnprfireFasgoretavicr 408 MANFOIREANNE LS 9 ErasaBy Mpdulezendl ong

t he nemor Ya§ﬁic|a$ed1rﬂémaﬂdmﬁ£&i wit 188 ehddhe n@gﬂdo‘rﬁbﬂs@5ﬂe ofm6readtab@rdshe

di odes 120, and g?ﬁﬂ“ LEUI at Fﬁé rrg rial O may conprise any suitable
conposi t i ofP"MgH RhpdSA FESc "rirgosi tions, and in some enbodi ments
may conprifetietie Merbaty hledte 808 'rneonordésonhdim mngmehy moede, Eint mage.

[ 0001) The BORS&ORWTIBLELALE A% 3O T gqf%)j@%?ut. i zed in

thermal ly Sen Ve
t he menor y{08#03is H)E. ‘sﬁrwusil@@es Crimelifiedhpachalidgyans eis highyeyehwgamization of

o e " s OEPLIEBMR 7 LIS 0 8T SR gl Bl

resistive Pt aprecess 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 (1/0)
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 1/O device 708. The
17



[ 0092] As di scussed above, the effects of 5.8 gigahertz m crowave
radi ati on are cunul ative so that a doped region nmay be activated with
several sewoenti/ash4spul ses of m crowave radi ati on and/ or PCRIUSRONV(SHTES
region crystallized with several sequential pul ses of mcrowave

radi ation. c¥gf u‘hII%@E{;&eihﬁteQ u%ﬁ&‘aﬁ %ftt ﬁo&sg&gﬁlae{hte;némcﬁ? 8}5\@%{'96706

radi ation are al so sel Cessi ve exposure
5.8 gi gaher@g “i’ﬁ Ko g0 7P&EY %&ﬁt'aﬁoqﬂw qyclﬁ@tth'@p@fa@éefaqi@ée@éor@fth@f@tayse

These pr op%&ﬂu@@or@fto 59 %t&&ﬁhﬁﬁ fne nﬁ@rﬁdr?ﬁ@ﬁ@e f@éﬂéx@@thEYTP@m@%ﬁﬁ
advant age of duri ng_mya ricati on of | evel s of integrated

circuitry Sp¥redo8 é‘lﬁ%&”@r‘”%ﬁ?%ﬁ‘ﬁ% ©ireer @étheﬂ&ﬁ*h%@éﬁﬁ@s 1-13.

during fabfooaas] onFIcf 1t iy £eim@iimeaNsecRtmdgrah JELEE e SRIMY $steh PR TG 13
shows a sem con tOI’ onstruction 288@%@{“@“ sing a.sem conduct or

substrate SHFEMANY IS AETOYSEVIFR AF @ Gy of memasy cells 94, 206,
208, 210, 2daresaddccdibAsia romdoapee tirduitey EBITAGNGECIERE cheUBl 81, Bxadkald

I I d f
vol atile corne oREHty TR by 8P Iw%ﬁnf@ﬁ%%ePauﬁwécuZwﬁe95*%352
conponent s nmnyorgzdemce 8@ ®itbertindledss|ppweocicuittyidi 8, aratsensak 820 Exaips e

I i cal l i
mator al o SYEITHOrb SR R RElG AR s AR ENL (P Elinlcsh IR TS
| evel s of Ismt%gwiataéﬁgftihr@}pkimn&pedtmva@fstatmeﬁheclwstrqted bbyst girgtigy Bmﬁt h
dashed i n?r%lu%@@po@@ﬁsupﬁ@%rc@@Q—BB@@ﬁc@t%@SSZaFBFip@GdH REEreRdHol A6RagR! the

il i

substrate is diagrammati cally | ustrat'ed wt I ne 20
2010/ 03048 ¥ e PPUSsterone=E47ef F[f@@@ssp RIu'FFéW@U%’”%IB’B%HU'F%@BMEFQP@%@W

at various 88@V@Ipsovm[rﬁd1a Bed 8 SloFdIiak WaA pa@@s aWUfah n&ér@ﬁfﬂIe@umﬂ%desrsegﬂ ons
bei ng di agr amgatl CB‘I % I1 % a.ged as r ons 232, 234, 236,

238, 240, BiFIIE Dok it phlEes SEGS sitlern & a'fr%‘CIEIEI%%%IPI%@?%?ﬁ?M be
utilized fﬁTenﬂUﬂWr@Metﬁurrpeme@ ackegsirignst ance, the | arge doped regl on
230 within tr etIerln ereas ot

the doped 1R8PThS il ifo PRy EF ok BRHVEY (98! 9 ot T aResty

regi ons, pov&nwnrm @fmelakbamwn Ilp@r tTremserobryclevide 802 iseised td sigre detecwhich is

[ 0096] Seveﬁ@éesgéd &Q%’OVII%%L* OH‘?Ie%‘ﬁBﬂg of ﬁ"]? &%S&ﬁr 8%2 Qﬁd fn%['rﬁ?f%&ﬁcg 802 drnay

different processing stages relative & one
regi ons i ninclygelopaer Moes/drustReeragd Wﬂbélwqd@pﬁﬁlﬁi%éf‘& e the doped

regi ons atppphgsihi afRrvali6¥ediSetronic 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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[0097] I n sone enbodi nents, a doped region at a |lower |evel (for

i nstance, one of the 'regions 230, 232, 234, 236 and 238) may be
referred to as a first doped region, and a doped region at a higher

| evel (for instance, one of the regions 250 and 252) nay be referred
to as a second doped region. A first pulse of mcrowave radiation
havi ng a frequency of about 5.8 gigahertz may be utilized to activate
t he dopant W@hﬁ” ckmﬁe%%{St doped region. In sone enbodi nents, the
first pul se nay be conducted for a duration suitable to activate

some, but not all of the dopant within the first doped region.
Subsequently, the second doped region may be fornmed, and then a
second pul se of m crowave radi ation having the frequency of about 5.8
gi gahertz m&RiBeT utA Metlep 9erra+m§|%§@n§@ngvapr EPNBRUCHPR, GRSHRAHENGA t hi n
the first doped region while also activating all of the dopant w thin
t he second #oplentingdapant [\Witue] sibeast;r thet isicor olbeinaymeoapysiadingnecarst the
nore materials that are thermally sensitive, and specifically which

ar e advwepkeetiyg &frfréng ddmiage tregipes af amesphausesilivessand 500C. Such
materials may include, for exanple, phase change materials and/or
netal siliciedtaneoasigr ativatingf theh@opants @ad ofepairhg0 ey eddnagatregidongalyy
be utilized after such materi als have been incorporated into

constr I!éﬁgbé?ﬁg HWsilisdMEmidiewavSratlifrReRdvindTh thainayeclrad dvelhdtr PebR at
used wit hout heating the sem conductor construction to a tenperature

exceediapgu[SQ_Q erltih Qfég &W#%@%?f HASiliEEE R bkYestilly bbbYf500°C during

materials nmay be adve by tenperatures | n excess of

400C, en, Lo, e 5 d the treatnent with the m crowave
radiat?%%g é%yhgkﬁﬁéﬁﬁ%ﬁgﬁ?éﬂgﬁkgga'gigahertz may be utilized w thout
adversely inpacting such material s. [ 0099] Al though many of the
enbodi nents di scussed above indicate that m crowave radiation having
a frequency of 5.8 gigahertz nmay be utilized to sinmultaneously
activate dopli Znths Rethadsel eap d yherety thedemperatiredeasmelonisget @bout
substrate, there may be enbodinents in which it is desired to
activaB0depant without substantially increasing crystallization or
vice versa. In such enbodi nents, the duration of the pul se of

m crowave radiation may be adjusted in an attenpt to acconplish
primarily one or the other of dopant activation and crystallization.

[ 00100] Al t hClaih 3.hEhexasthbd of el reviieseial thel ddpant copdices dneast @dre of
toward fabrication of integrated circuitry, the utilization of 5.8

gi gahepbmnpbR6RIEs bAdiapddr®) My be applied to other sem conductor
fabrication processes in other enbodi nents, including, for exanple,
fabrication of MEMS. [00101] The structures formed by the nethods of
FIGS. 1-13 nay be incorporated into various el ectronic systems. FIGS.
14-17 illustrate exanple electronic systens that may utilize one or
nore of such structures. [00102]FIG 14 illustrates an enbodi nent of
a conputer system 400. Conputer
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system 400 i ncludes a nonitor 401 or other conmunication out put
devi ce, a keyboard 402 or other conmunication input device, and a
not her board 404. Mot herboard 404 nay carry a m croprocessor 406 or
ot her data processing unit, and at |east one nenory devi ce 408.
Menory devi ce 408 may conprise an array of nenory cells, and such
array may be coupled with addressing circuitry for accessing

i ndi vi dual ‘ S . . ay. Eurther, the nenpry cell arra
may be coupl@%‘ﬂ%‘ gﬁ‘% h“aeé‘l‘@q %ﬂﬁ?lﬁ”(g%etr%'gdi ng data fromt%e menory d
cells. The addressing and read circuitry may be utiljzed fqr _
conveying | MSMRRBNIRO B8 MBIASHIPO R camppises iplnbnasdor fisfedopant

Such is illustrated in the bl ock di agram of the notherboard 404 shown
i n FI ghaying 3 firs§ gemduntivtk eagr am the addressing circuitry is
illustrated as 410 and the read circuitry is illustrated as 412.

[ 00103] Pr oc @s sesorgevnplenting isesordlocieds ptien the fisstpinplasting, anst the  sesndd
associ ated nenory utilized with the nodul e nay conpri se one or nore

st r uct impkantiog mechphiges raplaatihg dé acdecbhGslophnt Bavih§ Gle=HonNrumdyiclildlyi tgpe
408 may correspond to a nenory nodul e, and nay conprise one or nore
struct wigss bpposits ythe fisstrehboemitptydd; @d 1- 13. [00105] FI G 16
illustrates a sinplified block diagramof a high-Ilevel organization

of an el ect ynh&vaYish IMHDGopark ShaThd Kb diBdf R daBrRRNRglcRs dcBlrs after the
exanpl e, a conputer system 'a process control system or any other

syste : ssor and associ ated nenory. Electronic
systegh&g%hﬁgggkﬁ%ﬁpﬁﬁﬁg gélenents, i ncludi ng a processor 702, a
control unit 704, a nmenory device unit 706 and an input/output (1/0O
device 708 (it is to be understood that the system nay have a

plurality of pro sors,, control units, nenory. device units and/ o

"1 0 devi e G Sr TR Etha0al Rl & wheisia i st SBf Seeeaihienan Sresmiono
will have a native set of instructions that specify operations to be
per f or ReliP@regian f ghe siison dieels againsban Adyee hegion of deslicemsanskigeain
the processor 702, the nmenory device unit 706 and the I/ O device 708.
The  dunpdtyne agian aodtheootyfievegen areltoggibencoropdsast by Ae-pdiscdessor

702, the nenory device 706 and the 1/0O device 708 by continuously
cycling through a set of operations that cause instructions to be
fetched fromthe nenory device 706 and executed. The nenory device
706 may i ncCluim ®rMFheometiicobtiave ll fursed eormpesimy fdrhtngratikedisted gdtt Ger
1-13. [00106]FIG 17 is a sinplified block diagram of an el ectronic
syst emyR00sjliddie ot en #@&ah UHBS dBpARITCEMd dAefdin 8%e Litlart®y 38rms
array of menory cells 804, address decoder 806, row access circuitry
808, ¢ € i i ; : Ik | circuitry 812

For ot aiiay hbseddthle/tiei iiod TRtk BRI, 1V 614, The

menory devi ce 802 further includes power circuitry 816, and sensors
820, such as current sensors for determ ning whether a nenory cell is

in a lowthresh condyct.i st r in a high-threshold .

on- conduct FRIM o Meliod At & Risties sReprent aiting e siiide auer and
power supply circuitry 880, circuitry 882 for providing a reference
vol t agéireelly agairstdon faedydivelyrdppedawuren/diginladionfyprierttp tie agkhedipneé the
with pul ses, an interconnection |line 886 for providing a second

wor dl i depawtt h pul ses, and an interconnection line 888 for providing a
bitline with pul ses. The 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
nmetallization lines. The nmenory device 802 is used to store data
which is accessed via I/Olines. At |east one of the processor 822
and nmenory device 802 may include one or nore structures formed by
the nmethods of FIGS. 1-13. [00108] The various el ectronic systens nay
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processing units, or even on a single sem conductor chip, in order to
reduce the comuni cation tine between the processor and the nenory
device(s). [00109] The electronic systens may be used in nenory

nodul es, device drivers, power nodul es, comrunication nodens,
processor nodul es, and application-specific nodul es, and may incl ude
mul tilayer, nmultichip nodules. [00110] The el ectronic systens may be

any of a br n ; S .evi sions, cell
phones, per g%}%igf §.£ﬁwpeﬁ{ug$éﬁo§ﬁfﬂ&@§eﬂ?ae@a cfﬁjﬁgﬁ&t ??'ﬁ'ﬁhg}ég‘t rol systens,
aircraft, etc. .d.V\haft {s cl a}lnrreg is: . Cam1l: tﬁ rpathod of, .formn%
a seni condu®fOHIEGAYEt JOPRLH WIBEIBr FRTIRGNINHRT SAPFHCIRSLSAPURIPG; silicon-
silicon; the silicon being nonocrystalline, and the inplanting

f or m ngontARiae Magiidhs of anor phous silicon; and

si mul t aneously activating the dopant and repairing the damage regi ons
by , exposi ngtigzim & Firet anvlse ofircicoweave radiatini bavingva dtpasienay wf about 5.8
spectrum wavel engt h peak at about 5.2 centineters, a tenperature of

t he si Igigaiertzofor ex cleeatiory saitahie tb0AEivdie ionly shmeerd disairfiestt dopdrd, while a
m crowave radiation. Caim2. The nethod of claim 1l wherein the

t enper aérdpérati@esovie siicaeboaPing dll&fial remains &t &g than Tdreedmil o dabfut
claim1l wherein the dopant conprises one or nore of boron, phosphorus

and ar %@()b@;.l Claim4. The nethod of claim1 wherein:

after utilizing the first pulse of microwave radiation; providing second dopant
within the semiconductor construction; and

utilizing a second pulse of microwave radiation having a frequency of about 5.8
gigahertz for a duration suitable to complete activation of the first dopant and to fully
activate the second dopant, while a temperature of the silicon-containing material

remains at less than or equal to about 500°C.

Claim 9. The method of claim 8 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.
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the inplanting is a first inplanting and conprises inplanting 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 that is opposite to the first conductivity type;
and , the activation of the dopant and the repair of the damage

regi ons occy,s _a the,fi and, second i npl anti ngs. Caim

5. The et h?&a'&ié‘ﬁfﬁ%ﬁnﬁ%ﬁq[ﬂ"}%g [¥'dt and second i npl anti ngs
forma p-type region of the siljcon directly against. an n-type. region
of the ilid¥nleraRgiatfecUtRo M fist Pylse of BynatRdodRtion rempeS et lassihan
are together conprised by a p-n diode. Claim6. The nethod of

cl ai m PregreHerabeshpe? $i@d orming a transistor gate over the silicon
prior to inplanting the dopant, and wherein the inplanting forns
conduct i vel {haitspeperstue ceridg Ahe seeerdpslsaldf gnietbweaviehradiadiogaemains at less
Caim7. The nethod of claim6 further conprising formng netal

si | i ci dearowesqueEitb dbowic3d0jCagai nst t he conducti vel y- doped

source/drain regions prior to the activation of the dopant. C aim8.
A nmethod of formng integrated circuitry, conprising:

providing first dopant within a sem conductor construction conpri sing

si | i con- conpppdipi ' THRUBEIHRY of claim 8 whEldin:2zi ng a first pul se of
m crowave radi ation having a frequency of about 5.8 gigahertz for a

duration suj . ' fi . e a
terper at ur o5 g AL AE B oBBRet o oo AL Bt Wi 2

or equal tog,abpgut 500C fter utilizin e fi.rst pulse, of

M cravave r i et P tomemyel iffin e e SRetalie Hlidn BiEGidee tgre
const rrcti on, and utilizing a second pul se of m crowave

radi at 1'6H 9RRINHYPS % quency of about 5.8 gigahertz for a duration
suitable to conplete activation of the first dopant and to fully .
activat e t htheserend drpgah fornghan émalant reaien thatds entitahe contained within said
silicon-containing material remains at |ess than or equal to about
500C. weli, and which is doped to a second dopant type that is opposite to the first dopant

type.

Claim 12. The method of claim 8 wherein:

the semiconductor construction is formed to comprise multiple levels of
integration that are stacked over one another;

the first dopant is provided at one of the levels of integration; and

the second dopant is provided at a different level of integration than the first

dopant.
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Claim9. The nethod of claim8 wherein: t he tenperature during
the first pulse of mcrowave radiation remains at |ess than or equal

to about 400C, and the tenperature during the second pul se of
m crowave radiation renmains at |ess than or equal to about 400C
Claim 10. The nethod of claim8 wherein: the tenperature

during the first pulse of mcrowave radiation remains at |ess than or

equal to ab@'l'éirr?’?&%hea&%{l?od of ciaiwgvd;h%?aﬁr ature during the second

pul se of microwave radiation renhal hs at less than or equal to about
350C. daim,l. The nethod of claim8 wherein: the sem conductor,
const ructi ol SARNOBECEr oS o BTl IpAESG T Makiftane r Mot matqriais that
first dopant fornms_a well within the nonocrystalline silicon wafer
doped @& gdyeresly aftssiatt DY {araperghties in excess gk S8@ Corddopant forns an
inplant region that is entirely contained within said well, and which
i s doped tothe seedit pdispaeft ragigsiont inattilized afipo et 1east ®@nehef $aid inedoparare
type. Caim112. The nethod of claim8 wherein:

materials is incorporated into the semiconductor construction.

Claim 14, The method of claim 8 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.

Claim 15. The method of claim 8 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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t he sem conductor construction is formed to conprise nultiple |evels
of integration that are stacked over one another; the first dopant is

provi ded at one of the levels of integration; and t he second
dopant is provided at a different |evel of integration than the first
dopant. Caim 13. The nethod of claim 8 wherein: t he

sem conductor construction is forned to include one or rmre materi al s

that are ad rse r at res i N excess 00¢ and
tha second BE 8 A it Po it R P atey S 55 5PsiBo 158 oo iges
one or ‘5?51 als is incorporated into the sem conductor

const r (¢ %'l"?‘te & 14 The nmethod of claim8 wherein: t he

sem conduct or construction is fornmed to include phase change

material ; aREPV#BEY SePRLVIKIN Sesiligonreantainingrmpteriatii | | zed after the
phase change material is incorporated into the sem conductor

const r uct i onfilizZBhgiantits. pultee ofretiicoaivanfe cadiatinrg hakieged rirequiescy of about 5.8
sem conduct or construction is fornmed to include netal silicide; and

t he segiyahepizl @ af dusatioat isaitable td iddtivatd ahtyersoirtee ofettal dviplinti dailé sa
i ncorporated into the sem conductor construction.

temperature of the silicon-containing material remains at less than or equal to about
500°C; :
forming one or more additional materials over the silicon-containing material; and
utilizing a second pulse of microwave radiation having a frequency of about 5.8
gigahertz for a duration suitable to complete activation of the dopant, while a

temperature of the silicon-containing material remains at less than or equal to about

500°C.

Claim 17. The method of claim 16 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.
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Claim16. A nethod of formng integrated circuitry, conprising the
followng steps in the listed order: providing dopant wwthin a
silicon-containing material; utilizing a first pul se of

m crowave radiation having a frequency of about 5.8 gigahertz for a
duration suitable to activate only sone of the dopant, while a
tenperature of the silicon-containing material remains at |ess than

or equal to bou C._form one. or nore additional materials over
the silicon- i\?sﬁﬁem é]IrTa?fn(ﬁ’a' ﬁ%w'herem. utilizing a second pul se

of m crowav d| ation havin a fre uen y .of about ahert for
a duration ghLﬁfl %a%eE‘HHBQ&E‘e irgtp K‘?ﬁ C@Watvﬁéa%%’h?e'%aﬁﬁlaé s than
tenperature of the silicon-containing material remains at |ess than

or equ®r efigabiBAPOULEOEC;@li m 17. The nethod of claim 16 wherein:

the tenperature during the first pulse of mcrowave radiation remains
at | ess t hatheotenaprrature slugibgube 466@)d anlse of micrawayvet radfstioatremainiual legs
the second pul se of m crowave radiation remains at |ess than or equal
t o abouart00&ual € aboutl3B0°The net hod of cl ai m 16 wherein: t he
tenperature during the first pulse of mcrowave radiation remai ns at

| ess than or equal to about 350C, and

Claim 19. The method of claim 16 wherein the silicon-containing material

consists of silicon.

Claim 20. The method of claim 16 further comprising incorporating the dopant

into a volatile memory cell.

Claim 21. The method of claim 16 further comprising incorporating the dopant

into a non-volatile memory cell.

Claim 22. The method of claim 16 further comprising incorporating the dopant

into a diode.
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the tenperature during the second pul se of m crowave radiation

remai ns at | ess than or equal to about 350C. Claim19. The

nmet hod of claim 16 wherein the silicon-containing material consists
of silicon. Claim 20. The nethod of claim 16 further conprising
i ncorporating the dopant into a volatile nenory cell. Claim 21.

The nethod of claim 16 further conprising incorporating the dopant
into a non-vyQl.at '?ée mer{ﬁr% Fl | . . C gi m 22. ‘IEhe et hod of. claim
16 further COMPEFEiAGTHR Pﬁ&('&ﬂgnfbs‘?'ﬁbw& HERE COMRIBICHOY; GUPTISIRg-aj m
23. A nethod of form ng a sem conductor constructjon, conprising:
formng a ng‘?fﬂ?"?gélrﬁ‘ﬁ@gfy fRMSNt BatQA PVar 3 SRIMICHGYEIH SURSHFIET at e;
form ng sem conductor material proximate the nmenory el enent material;
dopi ng a fi feminggeaicanductoe maenia erenimads theameroay elpment prater;
dopant; doping a second region of the sem conductor material with
n-type dopaxppingralfitst tegior of thiersgmitenduetwmyateriehwith priyte dopdnt;
utilizing mcrowave radi ation having a frequency of about 5.8

gi gahert z t dopitigi & sésdridregiontof ise sadlicentipter ereferil svitht fkeypaaddpant;i o
occurring while the nmenory el enent material and the sem conduct or

material regRbAfornirgy thememshuéleneht hissridl NanizRig kMW avOraalRtish g a
G aim24. The nmethod of claim23 wherein the menory el ement materi al
consi skqRbnBP3FCASNRANES WIfkh?! 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.

Claim 24. The method of claim 23 wherein the memory element material consists

of phase change material.

Claim 25. The method of claim 24 wherein the phase change material comprises

germanium, antimony and tellurium.

Claim 26. The method of claim 23 wherein the temperature is less than or equal

to about 350°C.

Claim 27. The method of claim 23 wherein the semiconductor material consists

of silicon.
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Claim 25. The nethod of claim 24 wherein the phase change materi al

conprises germanium antinony and tellurium Claim 26. The
nmet hod of claim 23 wherein the tenperature is |less than or equal to
about 350C. Claim 27. The nethod of claim 23 wherein the
sem conductor material consists of silicon. Claim 28. The

nmet hod of claim 23 wherein the sem conductor naterial consists of

silicon; and,whetein _the type,an - e ants _ar el ect om

the oroup coeneBnineMeBplF Y unstsa 68 FRblcdidtctst makhsl cotiits
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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