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FI ELD OF THE | NVENTI ON The present invention relates to a nethod and device
for controlling the diffusion of dopants in a sem conductor substrate.
BACKGROUND OF THE | NVENTI ON As seni condyct or device s'tauEE,(FQDﬂyes shri nk,
greater and greater control nust be excised to control "the tormati on of the
ever shrinking structures. The | ocation and di nensions of the smaller and
smal l er structures require careful control to ensure proper placenent. At
the minute di mensions pEoK KEIELECYRICFIRLD ASSIST90H A0NBAY, and/ or size of
structures formed can-result in non-functional or ms-tunctioning devices.
Processes involved in sem conductor device manufacture require ever
increasing levels of precision to create the desired structures. Rapid
thermal processing is widely used for diffusing dopants |j “mlﬂmm duct or
18 D E C 200 substrate. At the present time for rapid tAmmwm ﬁ sing, a
radi ati on source, such as a lanp or a hot plate, is used to sgpidl y heat a
wor kpi ece to the desired tenperature. That radiation source is then used to
mai ntai n the workpi ece at that tenperature. The radiatio i hen
used to rapidly cool the workpiece in a controlled faShimmmmm“@m’wMH&Ch of
these steps of the typical process, wafer tenperature is sense el ther
with a pyroneter sensing the infrared radiation of the morkpﬂ@@@ or with a
t her nocoupl e) and used to provide feedback control of the tenperature. Wen
a workpiece is raised to a tenperature of sufficient magnitude, diffusion
of species within the workpi ece begins. Further, the rate of such diffusion
is a strong function of the workpiece tenperature. Also, the extent of any
diffusion is a factor of both FEdpRCGlit THE MAGEINTIGN and
time-at-tenperature. Therefore, when the workpiece is a sem conductor

wafer, and the wheprebntihRGRSS rélatedd ARlethodNAl ABYicH FREBERoIUAL thd Bffusion
activation annealing of a dopant species, in order to achieve a uniform

activationop&ﬂmg&ﬁ£g§Fﬂﬂxﬁh &8?&&%&850”5 at all sites on the semi conductor
waf er, precise control of the enperature of the wafer is essential. In the
nore recent silicon-on-insulator technology, it will be desirable to
control the diffusion of dopants to a better than 3 C 3-sigma tenperature
control. However, because of the limtation in the state of the art rapid

t her mal processing equi pmefACEKROUND @F GHE BV YR T{@Nper at ure control can
be achieved at the present tinme. A nunber of factors exist that contribute
to the tenper at 4secnmondaitoptavblestuctifeeszesishdhly geeatdrend egane cog@s thhaw t he
chanber doors and robotics, the wafer centering, and slow rate 18 DE C

Z003 | i mi tisd xeikseito béerd] APIIAARGSNEE thEONSG ShALKEL SRAHISE. IRSIhON arft t her mal
gradi ent across the wafer exists due to process gas distribution. In rapid

th I i i IS 10t d.(eith ti
or 1 nor 1) HRESRR0EAY LRARE and o R A8l ChER LKA W ol hP & o o

(only the rkpi ec nd_ it uppart structures are heatfed). Therefore, the
i nconi ng gp\é@c‘i"gengo?‘a%%Bt““f%@"%ﬁ?‘)ﬂ%%glv ﬁn%ailtqr%\‘i%lnsmﬁél%%@efttﬁéd/ﬁhﬂéﬁ and
~exits the chanber. This factor creates a tenperature gradient of colder

t enper at ur®f stagfuresfargedcanyesilt wrenvinetional empisrfunetioningedavidehe Pyaessesit | et

on chanber conponents. That gradient is transferred to the wafer when the

waf er is plosekydd imsemitteductanibeice maatfctureteghir@ever tnorcihgtlovelt b1 gadisiohhi s

effect. However, in state of the art systens equi pped with wafer rotation,

whi | e t hi stoakéfethel desited dtHRhgey, it still leaves a distinct signature in
that a wafer-rotational period oscillation in tenperature is very evident

[ h [ I ] ' il L.ati. be d d
becavse of a | ax it PASERES, widy ot 4ENRE PRSI £ EniRTRRERF ot

and cold spots on the wafer edge. These hot and



cold spots have been directly linked to chips which do not neet performance
criteria. In addition, a thermal gradient across the wafer exists due to
chanber door arid wafer handling equipnent. In a simlar fashion as

menti oned above, since a door must be placed in a processing chanber, and
since robotic handlers nust insert the2workpiece thrl8aBEGR0Por. a
cooling effect on chanber internals occurs at the door. Cold gases fromthe
transfer chanber or roomair cool the door region; and the robot handl er

end - 18 D 20 iece acts as_a.heat sink and cool.s.the door region.
accor di ngl JOSRE AR GERd fhdStrdid PRt oo Edraei A Suair s

whi ch do not neet performance criteria. In the current state of the art,
rapi d t her BEIP Qrachas plase.ds usedo rapidlydieals workpiach taathp dlekieadddmperature fThat edge
contact). Hot and cold spots on the wafer edge are known to be created if

waf er centmdiatignisourich it thewpsedrtd miasigia thé notkpiscenothadapetiteret Thvidafitidn0. 010
-0.015 inches. The wafer rotation used to correct for thermnal

non- uni O fHukdeds iARES B AplHy B3I HofkRRAL ih 8BontUIEH Tadhibh, %’g%&&{‘&f

perturbation of the wafer w e wafer centripeta

accel erati until 41 Js.as off center as possible. Thus, hot and cold
spots due @gsev%?péroflﬁ%%{ypf%ﬁ?rﬁ&esé’r ‘é’a%f {eéqp CEBE%Y&I%%FPS%@QE?Y W'gb? PR e en
directly linked to chips, which have not nmet their performance criteria.
Wth respeensipg thy iafjarediradiption efithe greskpiecel arnyitthethieimegouple and ssed/thal ogen

| anps are built with sone kind of enclosure to contain the gas, that

encl osur e mbeidedeaibatlgeiniiot afthe asrnpeihtued. Wigdita wdikpiecs isoned ReatentfRigiens any
hi gh frequency signal, which mght be driven into the |anps. And, as

chamber r aifaliFfferiREASSuEE) G BRS6h ¥F dplcibaRiint e WERlpi RlceERS OfuitlRs) g0
evolution (200mmtools rotate at 90 RPM 300mmtool's will rotate ‘at 150 to

300 RPNV, i.nCr: i ffieult to.danpen rotatjion related
Cerper at Ur S Saar T SR ER S Pl A Mo TR R A ST AT e
art of rapid therml processing fechnology suffers fromlimtation of
dopant di f‘?‘d&E?/ gh‘rﬁéﬂ%rl {gr?efﬁ?fﬁT O‘E‘tﬂib STMPRER BRI RREDIEHR Akt Wnst-tRmpaIaiEn
limtations, many technol ogi es make use of very heavy and shal |l ow dopant

i npl ant' s wiheretpes, whwn dre workpiele i ep0oBdanioe safer,omdabe theemalgmoessslisdi f f usi on
to achi eve a shall ow uniform dopant profile. Because of the extent of the
di f f usi on mpiduherath] pweess Uskd fortaetipioatanhealidgtofh dbpamapei@l i order to

achieve a uniform activation and diffusion of dopant atoms at all sites on the
semiconductor wafer, precise control of the temperature of the wafer is essential.

In the more recent silicon-on-insulator technology, it will be desirable to contro!
the diffusion of dopants to a better than 3° C 3-sigma temperature control. However,
because of the limitation in the state of the art rapid thermal processing equipment, only a
5-6° C 3-sigma temperature control can be achieved at the present time. A number of
factors exist that contribute to the temperature con&ol problem. These include the

chamber gas flow the chamber doors and robotics, the wafer centering, and slow rate



necessarily utilized. However, these processes present a

probl em -particularly as wafer size increases because at high tenperature
bat ch furnaces produce wafer slip..Thus, it would be desirable to provide a
means of increasing the overall anneal _diffusion rate that a single

waf er rapid thermal anneal process becénes practic B.Eﬁgﬁd@ﬂﬂﬂru; t her mal
budget matching, an object of sonme current manufacturing line practices is
to qualify both batch and single wafer hot processes for all steps. For
exanpl e, it;is %hﬂﬁgl ﬁ%ﬁﬂ le to formspacer nitride films in both a
bat ch furnace processor and a single wafer rapid thermal CVD processor.
But, since the batch tool keeps a_set of 125 wafers at a tenperature of
about 750C for oveiceHngehambargas 8pvgt betiatlaradiey cerospthed g Xt fusisr er  at
about 750C for only two mnutes. The end result is that the device

char act er i giroesss ghs distzibstien.dn sapfid thepmahproteskiag equipinent, d prabepogistis ons di f fer
fromthose of transistors forned with single wafer depositions. The reason

for the difihgs@ned (bithet Rdctivd sy idedty. TRt edpid Bepthilipieeess? R hdtiBhétma] enper at ur e
is significantly different between the two systens. Therefore, a neans of

i ncreasing - ' ' | { | i ng
the. sane. ¢ BN brlen 4f3) AR Forkhiste MA SopbBH S RAE B, 15T o
method is djsclosed for, fornng a desired.junction profile in a,
seni conduct'Bf IQUIEREASAE cp@g&tqbﬁé&%@ﬁﬁ GBS B AT Bt the
sem conductor substrate. The sem conductor substrate is arranged on an
el ect ri cal |ohambadddis fagtor hueates & hernpgpatore giedicnt cfcaldertenfpesitee meardthe gas
potential. At |least one grid of an electrically conducting material is

arranged t dnkeaddljvatRéttedberla@@Shead thR0fak bQfletdn chadbef @ipddkntsNEhat gradient
sem conductor substrate. The at |east one grid and the electrically

conducting ; ' I " ooty i . The at
conduct | ng e HelteRL e hhES Al e IREHSrAR fbeclin BB ELBAICE CRhief ikt T

pstrat e t hrough

anneal i ng the.sem.conduct strate and t at | east one dopant ile
eXpoci ng"t L BRGNS ftfech eV E1BE T B e AR el R Nl 6
According to anot her aspect of the invention, there is disclosed a nethod
for form ngottigesVhideithiseféact iinisigated; ibstilhlegvesendistind sigpgredpaatpat e, At

| east one dopant is introduced into the sem conductor substrate. A field
sour ce waf evafesrdaticmbpeticadysatletion at tempasturemevesyievidew inthetshgnas efficahduct or
substrate. The field source wafer is biased to create a DC or AC el ectri cal

field and tgieombiets This sabRlatiOPedHnot be @Hnbfodsrd bEsauensRAlatingf lah® zone _
sem conductor substrate whil e exposing the sem conductor substrate to said

DC or AC fighto, hhg tt&&%‘i‘éf‘é;&fdr%ﬂgﬁméa%t%éQolrd%étts%% tﬁé’w@feg@e{ée(?ghés%rhoft Qhd N9

a desired junction pro sem conduct or substrate. The device

i ncl udes neans for, anneal i.n sem.conduct or .substrate ip which at.|east
one dopant UL STsG P Bepn e - aces R AT WEtohelt Rt i nrbandhcs baliie. one
heat source. The_device al so includes neans for producing a DC and/or AC
electric field alcpdditings p Hiprmpleradigntasrass treovaleedsts duetoichamber ¢gor aad/ or AC
electric field simultaneous with the annealing. The electrical field

gener at i ng wefanbandiing edeipneent. & e sinilas fshioncsmientivherjatmivacdinasra duor ohust he

sem conductor substrate is arranged and neans for biasing the chuck. The

el ectrical Ala@ddn@§6dcdtinp ShdinSardl shRRe rdldtiedRRdIREs theA shseATIR: Wbikpickk an
el ectrically conducting material arranged adjacent to at |east a portion of

at least o f t he,. ' t ' ctor
aubst rat o | TGRS, ¢ QRLnEReR ol or I B e . oA BRI
grid. 18 D E C 2003 - 6a According to further aspect of the . invention,
Phere i s di SoRdSs Pt Raber Gropsy sog1 fhe oot reeen; ewﬁﬁlﬁa?b%ﬁmlﬁreeqdn a
sem conduct or substrate. The device includes a neans for annealing a

sem conductor substrate in which at | east one dopant has been diffused, the
anneal i ng neans conprising at | east one heat source. The device al so

i ncl udes neans for producing a DC or AC electrical field and exposing the
sem conductor substrate to the DC or AC electrical field sinmultaneous with
the annealing. The electrical field generating means includes an

el ectrically conducting chuck on which the sem conductor substrate is
arranged and neans for biasing the chuck. The electrical field generating
means al so includes at |east one field source wafer arranged adjacent to at
| east a portion of at |east one surface of the sem conductor substrate when
the sem conductor substrate is arranged on the chuck and neans for biasing
the at least field source wafer. ' Still other objects and advant ages of
the present invention will becone readily apparent by those skilled in the
art fromthe follow ng detail ed description, wherein it is shown and

Y e - - o Y




drawings, in which: Figs. 1 a, 1 b, I c, and 1 d represent cross-sectional
views of four different enbodi nents of arrangenents according to the
present invention; Figs. 2a, 2b, 2c, and 2d represent overhead perspective
views of four different enbodi nents of arrangenents according to the
present invention; Fig. 3 represents a 4ross-sectional &ll}@[gﬂ[]gﬂot her
enbodi nent of an arrangenent according to the present invention; Fig. 4
represents a graph illustrating a relationship between phosphorus dopant
concentration in a sem conductor substrate and dept ithin the

S Conducbie ailpst A Apet sk 494 Golsahs et Aseouidudiat SrdeolFenisare yer
anot her enbodi nent of an arrangenent according to the present invention;
Fig. 6 is eregredpwhichave hugkeslitmehips vdnchr desngdt inseef perfox@asteeiterizal fiel d for
varying tinme; Fig. 7, is a graph showing sinulation results and effect of

field stress; anglitel @rreft dtfte df Getl) rapi@MefalProdesstirs Qippoathie Wafeh Yith a
frequencies 1 HZ and 60 HZ. 18 D E C 2003 BEST AND VARI OUS MODES FOR

CARRYI NG T I T r i ' r N q%g HE? nd
appar at us%?ke%rljie‘l\% n F% %%?%Banéﬁ%r%lm%%%hgr‘gﬁe Foduc %gﬁt%o such
shal low junctigns in an industrial RTA tool. Wth the present. invention,
the dopant STEAt) ThWalee FERIGHngN IBalSPRATE HRIBE HAE] 5WIof et o hisd G
necessary now and in the future. Along these lines, the present invention
permts cort.9bi inchesdFhamafatirbtation nseddy corsecs feli theymal nemvarfeimiges prsateher mal
diffusion on a local scale by neans of an electric field "assist". The

present i NnuRPdstable dnditichewharedly/Ratidienr péaurbhtivg of thesiafehvijl waraltiifther of i l e
in a sem conductor device. At |east one dopant is introduced into a

sem conduc ; . 1843k L - i d may
be utili zeﬁaf%r%gp‘ﬁ‘%’?%gg?ﬁeg& ?%l?lggngnltg ﬁ?ﬂlcﬁﬁgp%h%ﬁg%ﬁggggyg? %ﬁ%ﬁuﬁst rate.
Typically, ign,inplantation i.s utilj zed i.nt roduce the dopant (.s). ,The

ot bsent | ot RUAoag epao ey e ptef §ieelel, St ov bt Beer BRETIBkae LSy
sem conduct or devi ce nmanufacture where dopant activation/diffusion takes

pl ace. Af t elipp,iviielbets uot noft thaiepfopaaRESYitet o t he seni conduct or
substrate, the dopant(s) are activated through subjecting the sem conductor
substrate and t Wéitldogspet (s gletvaat@iimitations of lamp heating, because W-halogen lamps

are built with some kind of enclosure to contain the gas, that enclosure stores a significant
amount of heat. This stored heat dampens any high frequency signal, which might be
driven into the lamps. And, as chamber rotation speeds increase with rapid thermal
processor design evolution (200mm tools rotate at 90 RPM; 300mm tools will rotate at
150 to 300 RPM), it becomes increasingly difficult to dampen rotation related
temperature oscillations with controlled lamps.

The current state of the art of rapid thermal processing technology suffers from limitation
of dopant diffusion and thermal budget matching. Concerning diffusion limitations,

many technologies make use of very heavy and shallow dopant implants with follow-on



anneal i ng process. Sinultaneous with the annealing, the sem conductor
substrate and dopant(s) are exposed to a DC and/or AC electric field. In
the context of the present invention, the anneal is typically carried out
as a rapid thermal anneal (RTA). RTA and other rapid thermal processes are
becom ng 18 D E C 2003 9 wi dely used 'Bn sem cond@c@cﬂE@Qggg manuf act ure
to create certain structures. RTA proceSses typicallVy 1nclude short process
times, and particularly short tines at a nmaxi numtenperature. According to
the present invention, the annealing typically takes place at a tenperature
of about 96Meat forabtivitich dndQtiffusitieta ashypere atshaléovofiniférm dofast prafite. Because
typically ranped up from about roomtenperature to a nmaxi mum processi ng

t enper at ur gf Méekicht BEMHAWBfioRRAuIred® veBCHIBH SerhferabfiBatdOfSRLO BELS -
Typically, the tenperature is ranped up to the naxi num processi ng

t enper at ur i ckl. ' pi.Gal I us one
o mor o 1 ety HEHEHPRIE Hife phetebEBRRLR h PR IR

maxi nrum dwel | ing at the plateaus) for eriod of tjne. pi.cally, .the

t enper at ur 81Z¢ GEeAsht BEGIBEE %{thlgth‘@“ﬁﬁ’ﬁ%%ﬁ?t%éfu@a‘iqs RECBICE él‘@g%ts“ﬂ-.aghus?eﬁonds to
about 10 seconds. The tenperature may renain at the maxi mum for one period
of time or woald b gesirablevio phevidexincams dfancreasengthe pweralltanneal gfiistusrate so
returning to the maxi num After the desired processing tinme at the maxi num

t enper at ur ghat h Bl SWRRE 8dpid thepthaltdh@es m&mﬁhﬁéﬁﬁa@b&tlr ate is ranmped down.
Typically, the tenperature is ranped down as quickly as possible. Al ong

Lemperat ur o over SeRBTIEUare bdke! B ah ARECO LR s RCRHhuathe

tenperature over a peéeri Seco

Addi tionally, the anneali ccqrding .to the present invention typically
fakes -l pirefiofns Fouih Bomaatey i sinele i B oessEiscbhebee? Bobac 1o
seconds. Also, the pressure that the anneali r]g t akes place at may vary.
Accor di ng €xamplg, it is desired to be able to form spacer nitride films in both a batch furnace C
processor and a single wafer rapid thermal CVD processor. But, since the batch tool
keeps a set of 125 wafers at a temperature of about 750°C for over an hour, the single
wafer processor keeps each wafer at about 750°C for only two minutes. The end result is
that the device characteristics of transistors formed with batch nitride depositions differ
from those of transistors formed with single wafer depositions. The reason for the
difference is that the diffusion resulting from time-at-temperature is significantly

different between the two systems. Therefore, a means of increasing the total diffusion of

the single wafer process, while keeping the same thermal profile would be desirable.



present invention, the pressure within a rapid thermal processing tool may
depend upon the electric field applied. Along these |lines, the pressure my
be reduced to hel p prevent arcing and/or electric discharge. This will be
clarified below. During the anneal, the_gresent inv es an
applied electric field to control di ffus?on of the SEB %G)édﬂéntrol i ng
di ffusi on can include enhancing and retarding diffusion. In spite of the

di scussi on above regarding form ng eSUMMEARYshal | ow junctions, in certain

instances, it may be desirable to enhance diffusion of dopants. According

to one enbodi ment, of t e present invention, a tenporarily and spacially
varying el ectri CAHngth@H 1§ displopeslyios derming ﬁl@éSlFeélﬁPHCtt%d?fﬁﬁi/e @rq)geéggqm@lctor

chanber . T'agﬁc@ | eI fehistf {;x?e! %ot)ﬁnt ﬁeﬂltll(j)?ﬁ%ﬁt ﬂ%tﬁo c&nﬁﬁcttopesrui;?t%atgf f %%
di scussed above as specific efenents o proceSS|ng enperature
control pretthieondwna/ mbstrdte $s araged ion dhi &lbdnceﬂlyuaﬁﬁuétmgaQuththithﬁoﬂlﬂwﬁlt of

di ffusion Wnich ﬂi? occur tp address the 3 (§C|f|c technol ogy limtations
di scussed aBYYeO! AspircriRpteniial AAL least ong grd QF ap slpctrifally conducting apstpraltis o| g

wi || enhangg dbe QH] af:éfﬁ 'aPEaét'l potidh 6d d fifak® HPthgfseﬁllfk%nﬁ &bAsi ki &ENghi ON.

When a AC electric field is applied during a rapid thermal process, total
di ff usi on itleastonegiddandAbe dlesmspaﬁsedomw c]n:lmkrﬂneblagaktd ¢treute anha@veD@oor s

d bot f t te t
Pon- Uni  or S8, G cASACBRanY FoRBH i RFER bA SErpr u?%?wbétréeébmgal
waf er rot abhaling R s@fichAdictdretuanty anaﬂi@ BERESof@Ropit WS R é %qgf e to

these tenperature oscillations, however, |anp control systens a
conpensates¢mwosd}@mr69bﬁt¢al®ﬂ0|tbmgc amdwrAd plgctrio ftehb present |nvent| on, an AC

firel d generator I ed in the processi ng rrber osi t uch
that field Ii nesA\%lccl’r m}ger?efﬂo < af?leé:t\%gﬁ%flggg ﬁggels adrﬁfl%f‘gﬁ aoﬂleh'ﬁaaf??

I n parti cuk@ming helekirel }dmgmeﬁ 1Ry 1ri 8 sﬁﬁﬁbﬁm&ﬁokusardtaawqeas%neId@ﬁérftl1§
field can be generated near the wafer edge. This can be acconplished with a

smal | devi B8rogheedqinto thg sergicapdustersubsteaty. | él fipld pouses yatends amayiged adfacemat
chanber . TE%E\: lﬂ'ﬁiCé h)‘? tHY ?rg{r%toﬁ(ﬁl%c%érg%g 2. al‘hceoﬂéldo%oug:ee ﬁ%feé gﬁéﬁsg f%('hglhd

strength is os ate at wa ion re guency, a
t hat when tﬂeetecaﬂDderrM@erebtmll ﬁéldhhethmwasmmahh@@w&seﬂm ahedlingithe
field, the electric field is maxi mrum Thus, whil e control of wafer
t enper at ur EMHIEO qrnsﬁg @6 r?E‘P‘Eﬁmnghet W‘FOI@&%FIP“WW%& wid iDC prgvloved,
resul ting FRgan i rrprovement in Leff control of junction activation
anneal i ng, and thereby,

The present invention also relates to a device for forming a desired junction

profile in a semiconductor substrate. The device includes means for annealing a
semiconductor substrate in which at least one dopant has been diffused. The annealing
means includes at least one heat source. The device also includes means for producing a
DC and/or AC electric field and exposing the semiconductor substrate to the DC and/or
AC electric field simultaneous with the annealing. The electrical field generating means
includes an electrically conducting chuck on which the semiconductor substrate is
arranged and means for biasing the chuck. The electrical field generating means also
includes at least one grid of an electrically conducting material arranged adjacent to at
least a portion of at least one surface of the semiconductor substrate when the
semiconductor substrate is arranged on the chuck and means for biasing the at least one

grid.



i mproving the control of chip performance. Leff is the electrical channel

| ength of an FET. When a larger field generator is placed in the chanber,
such that a AC field penetrates the workpi ece unifor i s surface,
total diffusion during rapid thermal anngaling at alri]1 gﬁE@mﬂl he waf er
is increased. By this nethod, the effective diffusion or a rapid thernal
process is increas . By, adj.usting the.strength of.the el.ectric field

total diffusion ?‘oc(régttdhneg\r/ Fr)a? gurittfagag?Schf %%e gvﬁgﬁlcgn,\kg?r&ls E‘FSS@éS@ ac(iﬁY_lct?efor

mat ched t o fermtiag ahdebiiéd AdRtieH BETHS in ARemicdhahcted &ifbegrhten THY ddicetinSiuded &

waf er process can be increased to 18 D E C 2003 12 make that process a
vi abl e opt msang dor awepling apomisopdecier subshatevinavhich abilepst ovg depanifhag dysamt

di ffusion i Ujil. e j Is i I a 2quency of
about 0. 5 (S fsCimedif eald Chilphiind KGR e SR BEEG.5 'R ABRE ST,
The peak- t dnohedels neeand for peRlucingtaBC AEAIG elkclritsl ficydtbeiposing thd&eniics@cor
about 10,000 v/cmto about 100,000 v/cm In a typical arrangenent for

enpl oyi ng &RPstetcrtp dheiDC e g elegtrisnl Beld gpmultancousavith the angealing Ahscelestriqahe
top electr : .00t h o] eChil: The
intrinsic \aimglf%ierag%fl ?JII%@? gﬁgﬁgs “grl\lmeepe%% r%edégﬁ{;ag{y g&?‘?\‘lﬁﬁagl %%%P g)h t%t{é&pwg?eer
bei ng heat semicdhducheredbsiratd Batmngsl andahens ifad biasng the chpekt.i The tlectiibs field
intrinsic wafer, A thin netal fiI{non tf}e wafer or_on the quartz plate is
char ged t o SFHEMHEINFAY 2f5gdRsipdesiat lepstone ifigldsourgeayafes yrrangad pdiacent teet least o
function of Jaafid bR 164t 60 s&fice'PindUmisARhR R WbdtQrd WRELYR ééﬁii&ﬂ{dﬂ}:tfo)’ . In
alternative enbodi nents, I n many sem conductor device structures, only the
vertical degwtrategs afrargedios tiaf chyak ind mieams foohimsing thetat leasafipldeoardce thifer. woul d

be the vertical hj.polar transistof emtter-base junction. lpn . this critical
‘perfor rr;nceI det eghﬁ AHR Oi’ﬁ"ﬁf?i‘ﬁr *Efva?tﬁgesa?’l{)@ﬁtpﬁﬁlehﬂ}“f"f”:}fé‘?nowllgpe"cqlqze E‘?ﬁh‘ﬁ;{ er
pol y- si | i cappaeRdYtthekVekilldatia thért FRBE thel folls AlddtRséstonMviibfin 1t s

Qﬁ1§3&ft
st andard processi ng the diffusion is controlled only by thernmal effects.
Ther ef or e, shayghawst despabedagrily therprefentied smbodinedntgyoftha mveentipi,rsimplyi tynway of

degrades p untt.or m nd therefore reduces the .uniform of,
bi pol ar t r{alﬁ%l&gt?% otﬁﬁ%%?i%‘?%‘%n‘é%&:%@@%&e@e‘iﬁpmgt ﬂuttﬁ’@ Wﬁf}}tﬁ’ﬁené\ét‘?’%b%f
t he presentealipath ihé dvenfbieGd hpablelof- other and M¥ffdrdnDelabbdiadas, bhelid nbanced

diffusion iis used to conpensate for a lack of thermal diffusion in cold
details are capable of modifications in various obvious respects, without departing from

the invention. Accordingly, the drawings and description are to be regarded as illustrative

in nature and not as restrictive.



regions of the wafer. Thus, again, the overall performance distribution is
tightened. And, in this case, since the diffusion is essentially only
vertical, a one-dinmensional AC electrical-field, or a DC el ectrical -field
can be used to control the diffusion._ However, in.eaca c ~ Shnce the
field strength nust be controlled by Waf er position a ongﬁﬁéeﬁ'-zed W th
waf er rotation, both tenporal and spacial variation of the field are
required. Figure 6 illustrates sinulation results for a 2.0E13 boron well
dose at 1000C for 20 minutes in a 1 Hz AC electrical field show ng the
dependence of diffusion for varying tine and tine at a fixed field strength
of 10000 v/icm Illustrated in Figure 7 is the dependence of diffusion on
field strength at a fixeBRIEFDESCRIPTIONMOETHEDEHNWINGEhows t hat i ncreased
AC field frequency (60 HZ) reduces the diffusion enhancenent . Thus opti nal

performance is PeaRvedndfionrd 66jEks ahdladmtagaas@f thé pleSertt iivenfibn will e
di ffusion of the dopant(s) may be controlled through control of the

characterigstic l.i e field.. as polarity,
ctrengt b oty piaERER! With Enbibiel i Lofhftrio BN b Leciitilyfip, B0 BT LY,
of the siljcon wafer. For exanple, the polarity of the DC electric field
may be vardréW!ngTHéVb‘BF}éEri ty of the DC electric field can depend upon the
charge of the dopant(s) and the direction that it is desired to affect the
moverment of t heFigapanib.shc, abid mpasphteross-spesiningl viewpof fue differentf i el d may be
utilized to retard the diffusion of negative dopants. On the other hand, a

| 18 D E Gr¥¥BmédrtsR@airhhpetndnts Readingt6 thd gesbnniivesticinhance the diffusion
of positive dopants. According to one particular exanple, if the inplanted

dopant speci es Fl%SAZSd;- Qb,aZC'?%%P%%Ye%réshﬁloq’eﬁﬁg& 93:1?}%(:%9@“6@? otf?o%tdyfé}@ﬁt the As+

atonms toward the®surface. e ot her han e i nplanted dopant
Leld could be applied to

species is ative ion, such as B- ositive f
attract t ﬁé’la}bq%g‘?‘@tﬁt‘fﬁ ia’aﬁnge&ﬁé’fsoascc?rﬁ@gstﬁ?lFengrgéfen%'H]é’egtf%ngt h of the applied
field may be dininished bé free Garner screening. Generally, the screening
will be strongekigs dreprpwnisasaosstseationshisl ofianpthér ebodmmenidf@aarppesnelty i s
produced at least in the vicinity of the surface of the sem conductor
subst r at e asherding toehd ppaaitanyemtienbeen i ntroduced. |If the sem conductor
substrate is being subjected to an anneal and DC electric field in an
upright positi Opig kh&tesents a graph illustrating a relationship between phosphorus dopant
concentration in a semiconductor substrate and depth within the semiconductor substrate;
Fig. 5 represents a cross-sectional view of yet another embodiment of an
arrangement according to the present invention;
Fig. 6 is a graph showing simulation results for AC electrical field for varying
time;

Fig. 7, is a graph showing simulation results and effect of field stress; and

Fig. 8 is a graph showing simulation results for frequencies 1 HZ and 60 HZ.



the field is produced at |east at the upper surface of the sem conductor
substrate. The DC electric field typically extends into the sem conduct or
substrate. For dopant inplants of a dose of about 1015 cmz, the field
screening depth, defined by a depth at which the DC fi ) § BErE€RI08i s
reduced to 1/e of its magnitude of the8silicon surface, is typically about
0.1 umto about 0.2 um Controlling the characteristics of the DC electric
field at locations in and on the sem conductor substrate will control the
di ffusion of the@wan . g\iﬁ ortlon of on_and under the surface of the
seni conduct or su a{\gh\)‘i PR CARR THELRUINT B ANVEN TGN not  be
subjected to the DC electric field. Alternatlvely or additionally, regions
on and under theThapfesent infertion pge\ndmmuo&ssammmﬁarmwa)mlﬁabﬂfe(@)i

have been introduced may be subjected to DC electric field - ~ a
0 E ¢ Q03 Ahbrédvhifchiddbié PRIGRMASHSBER Hallow- Juﬂtﬁagumﬁﬁ&uéthﬂ%m& field
strength, direction, and/or ot her char acteristics may diffe dependi ng

upon the re uctor

electric fi gY g{]thﬁ%r&re {elglvé'{hogs %mé'lgrt?g A eeaﬁedtatﬂzo%vmer’sgeliﬂﬂ%g%?

bel ow the syrface of the sem conductor substrate, the DC el ectric field
characteris a&%fﬁr?&ye%mwom%l@ the,fitwrgy AJongthesdings, the prssant inveatien permtst o
the present invention. It is not necessary that the annealing and exposure
to the el eceqntrol pf Hephnb diffimion tedretuding o énttaheing theaheradahdiffasimmomy a local

si mul t aneously. For exanple) there may be periods, however brief, during

whi ch a sematyisiuicass mhasdléoaﬁ@ﬁéla "agtneal ed wi thout exposure to the AC or
DC electric field. However, is necessary to be at the anneal tenperature

in order that th i t ue 1o t.he
constraints of tﬁgghoﬁéé%téﬁﬁ,{@%égﬁ&g&%%Qﬁ?(ﬁicorzg %{g?g;’rr e?a\’t‘ﬁct)ltrglg Sé{lween
the field rTDbI|Jt of ;[/d']e activyated dopant. atom and its mass dlffu5|on

coef ficient® scmlgo eﬁ{fee gHidFashore tﬂélwg]ﬂceadn@é’sﬁ?ml%l dpeeht i onshi ps
anong t her nodynam cs nmobility of the dopant speci es and the nass

di ff usi on, %ﬁgﬁeoﬂ@b@s padicop vafer Amyesudtelamesies mayt be wilized dorddtrodieing0GS
units are being utilized. Local flux of dopant may be described by the

fol | owi ng etpealopant(s) Jiftwjtheseni @rcioXsubstrate. Vifypieally$ida{ ixplantaticibis L8 LiRECt2003
wherein x is the distance fromthe surface of the wafer into the bul k of

the wafer; fesjiuéstht ragpm@yl Tﬂélﬂ'x*éﬁént RREGH may b hsefiiTh %)vaﬂétytdirgtagedoﬁﬂhe' on
species of interest; is the charge state of the dopant ions; g is the

i I
o et RS A BRSO/ o

tenperature in Kelvin st tenpera
of the dopaqt speC| es of interest in cnk/sec;

After introduction of the dopant(s) into the semiconductor substrate, the dopant(s)
are activated through subjecting the semiconductor substrate and the dopant(s) to an
annealing process. Simultaneous with the annealing, the semiconductor substrate and
dopant(s) are exposed to a DC and/or AC electric field.

In the context of the present invention, the anneal is typically carried out as a

rapid thermal anneal (RTA). RTA and other rapid thermal processes are becoming



E(x) is the applied electric field strength in V/cm and p. is the nobility
of the dopant ion itself, not of the free carrier associated with it: The
Einstein relation between nobility and di ffusion coefficient holds as usual
(see S M Hu, "Diffusionin Silicon"™ in "Silicon and GétﬂaﬂlE.@‘iZU[}B Atom ¢
Diffusion in Sem conductors, D. Shaw, 9(ed.) Plenum London (1973), p.
294ff.. p (x)=(g/kT) D(x) Then, the diffusion equation (ac(X) i a~) = v
J~X> 18 D E C 2003 17 for the dopant species becones a drift-diffusion
equati on anal ogous to that encountered in nodeling carrier transport:
(aC(x) | cab et used impsapicenducior oyice mankiep ey (ol e ERIUIER 14 | 5 a
graph illustrating a rel ati onship between phosphorus dopant concentration
in a sen coprdeessesrtypichidy imatueleahart prstss timespandparsabaiy stoet imeY atat ed are t he
i npl anted dopant profile and the profiles after an anneal at. about 1000C
for about 6magaRRdEndferduePplied DC field, and +/- 0.05 M/cm It is noted
that the positive field significantly retards the diffusion of the negative

phosphorus ion, il e I i.eld it inciple, the DC
field is scr eenelg@ésotr&lg%gﬁ}{!ﬁzy}g%eh%e/ﬁblrrﬂe@ghtchgqo %@EQ@%‘@?@%W%@E%M ation
or inversion. This effect is not nodeled here. However, for a field
strength ofteWng“FBOfﬁ@Wéré]totql?@%hﬁq €rs will be at worst in weak
accurrul ati on or weak inversion. Therefore, the screening effect is small
and the above noblet teinperppteiof Hisl substrade srivping Lyt mmpedep émwnoaiowertos of a

met hod according to the present invention, the DC electric field is

produced noem@brahie tchﬁzn&urxﬁm@rwesﬁﬁgteﬁgmﬁm@usﬁ@pe@umbmt@- seborRrtdi ng to

ot her enbodi nents, the DC electric field is produced at an angle with

respect to . SKMI . okt i the.

sem conduct%blra ﬁtsﬁ(ﬁéé;cr@g Séolt%ﬁ%‘ﬁ%cﬁlg}téeig?%@ Pe cp%iotgp?rtntgﬁh? Jgf&?ﬁgh@g?ofcg%én%f t he
sem conductor substrate ]glan 1%118 g) E C 2003 ermsyt control of vertical

di ffusi on JFMPRAWEASAEKY aspeistha THe FAmperaipredyPIeHly RIBSAHS Qe )T mRre HMEs be
controlled by a DC electric field or one-dinensional AC electrical field,
accor di ng tdiringdhgtimedhat therteaperabire imempga yiptie thefmadmume Awelding of theat er al

di ffusion of dopant(s) is to expose the sem conductor substrate to a DC or
one- di nensidatabu(§)Joeb etiod of fimel d arranged at an angle to the surface of

t he sem conductor substrate. When utilizing a DC or one-di mensi onal AC

electric field thalicdly, e tapaak&iswhiiftaiRIReHe it Br4 finedraboles
sem conduct or substrate; diffusion of the dopant(s), for exanple, under the

edge of a il : I S.:
consequent | g-2ini & BB TE kel TROHothchfuaRly it tlohadiiy for onp )
The angl e of the or one-sdi.nensjonal .AC electric field with respect to
(he surt acd BPYPREmsrER A LEE LRRgey s TREGY iyore Gty EBHTE
degree of Igteral di ffusion desired. For exanple, a DC or one-dinmensional
AC el ectri cDf MEXHNEN. an angl e of about 15 relative to the surface of the
sem conductor substrate can produce a 25% ef f ect

After the desired processing time at the maximum temperature, the temperature of

the semiconductor substrate is ramped down. Typically, the temperature is ramped down
as quickly as possible. Along these lines, the temperature is typically ramped down to
about room temperature over a period of about 10 seconds to about 60 seconds.

Additionally, the annealing according to the present invention typically takes



| aterally, relative to vertical. In principle, the field angle can vary
fromO to about 90 with respect to a line normal to the surface of the

sem conduct or substrate. According to such enbodi ments, t he DC
or one-di mensional AC electric field with respect to the Qfﬁfiggebzﬂns

~sem conductor substrate is sufficient to result in the desired degree of
nodul ation of the lateral diffusion of0the dopant(s). However, practical
considerations with respect to the proximty of the field source to the
surface, herein described, may prevent the angle from exceedi ng jmaX=tan
1(h/r), wheplacenfor g timeeofinbpyid-> secondptorabopbl) giconds, 18 D E C tu~3 19 the
field plate fromthe substrate at the center of the wafer, and r is the
radi us of the wafABb, thdpressivelthatitlypamealing takesgianstat gy yatsh ahccalding tdthe
Rotating the sem conductor substrate during the annealing and exposure to a

DC el ectri Cprgée% ﬁ]v@ﬁti(ﬁgttm&u\‘@ HiihineSRpRthithal PRCSRMABMNIHSS SpeAtiaphs at e

can permt "a uniform eral effect, 1f desired. If the substrate is not
rotated, the effect uld. he biased inp the directio f l.i.ed field.
Thi s ey alCoelsEreas dnied (ofE fited indro s PSR 1Y eehREAT B0k Bl
field may be set g}; in a variety of,vva){s: According to one exanple, the
sem conductaseing and/or glestricsligphprgieg ddrisowilhe @ Belo¥y-| y conducting chuck
that provides a source of electrical potential. The chuck may include a

surface that |iebudnyg dremnhealnite poestatdheertior udhivésrap appli¢eteguce fiakldo gbntrdle
sem conductor substrate, as illustrated in Fig. 1 a. Along these |ines,

Fig. 1 a. f&ﬁhﬁ%ﬁ%ﬁv&@do@aﬂ@@: ?ﬁﬁﬁxjoﬂﬂx%'diffhﬁ%@iniﬁélﬁd@&’ﬂﬁﬂ&iﬂgﬁﬁd fltaraihg

apparatus of the present iInvention. I'n the arrangenent shown in Fig. 1 a, a

thin |ayer an the ord of. abaout - : gsten (Vii
netal has b%E@%S‘BEpE%fR‘%ﬁfS*ﬁe %lsglll foggﬁg‘\//\g’%ér%b@?% g%gg%%lg%&%g&é’? 8. The
field source wafer 8 i s aligned and brought into, horizantal ntact, or
near cont adinclgnspinigeEalypgEances; If may e\ﬂﬁ?‘@ﬁﬂ@zﬁo RAMCR dffgusf%‘ ‘btﬁél%ﬁf’l’ﬁéfal ed. A
thin layer of oxide 9, on the order of about 10 nmto about 100 run, has
been formed on nAtairdingyepngempodimenhef the pregentonveptionadsmpraalihatdal - oxi de
wafer, including field source wafer 8, netal |ayer 3 and oxide/quartz |ayer
9, forns ongachigvhgde bctiibgier] ditraducéd el te saput thermal ipeooesuiiey thanrbgr.net al

chuck 1 fornms the other 18 D E C 2003
This electric field is then used to counter the thermal effects discussed above as specific
elements of the thermal processing temperature control problem, and/or this electric field
is used to adjust the amount of diffusion which will occur to address the specific
technology limitations discussed above.

Applying, an AC, or “‘alternating current,” electric field will enhance dopant

diffusion in both directions of the field alternation. When a AC electric field is applied
during a rapid thermal process, total diffusion is increased.

As discussed above, chamber gas flow; chamber doors and robotics; and wafer

centering issues create temperature non-uniformities which are oscillatory functions with



20 el ectrode. The desired field is generated by applying a DC bias of in
the range of about O volts to about S volts between the el ectrodes or an AC
at a voltage of about 0 V to about 5V and frequency of about OHZ to about
60 HZ. Additionally in Fig. 1 a, a plurality of lanps 4 are ed above
the chuck 1 and supported wafers. Voltage sources V 1 6ﬁhdn%é%]®33
connected to the field source wafer 81and chuck 1. Alternatively, the chuck
may include a portion that includes a surface that includes at |east one
passage that is open, exposing at |east a portion of the sem conductor
substrate. YHEE rqtation spsedas the ensy. Ryterpeters cpp pe usedripldetechihesei t s edge on
an annul ar chuck, as shown in Fig. 1 b, or by neans of quartz pins, as
shown i n Fitgmpgrature iosciafi@shhonews) lhmjs contnolisysteine agerinabidl toegmphisae foi nes,

t he chuck may include an annul ar portion that includes a | arge opening

concentric g e afan i F'g.yrg : g I-ng; have
a size abouél'tﬁkltz;lsa S(}lg?{gg@ég’t C?E{adﬁgéefg @gﬁr uct Igrr“acg Bglg"?jrﬂ zﬁ%tmiscﬁ%éﬁgﬁhwgtlggﬁ%“ggnul ar

portion onl, ngages. t he senm conduct or suhstr .in the vicinit f .the
or | phery di (EEREERirehaorL i ntrt e Tt fofidin wif Bedeile tyé Vorkpiced
cross-sectional view of another enbodinent simlar to the enbodi nent shown
in Fig. 1 ssurfgceantactpadopaaswhi partipwanythedficddizensraer iapasifiaredperthat aaek 10,
whi ch contacts only the periphery of the object wafer. The chuck al so

i ncl udes a dedts¢ fieldecagbiegetdratetireathe wafertedge. chhis karll Be atedmiplisted vallj £ct
wafer 2. In this case the annular netal chuck fornms the second el ectrode.

Fig 1 c. repi#5&Wic which @fcates el fisld 8ol oftd Bighsif NP estintBRAt TRéAN | ar to
t he 18 DEC 2003 21 enbodi nent shown in Fig. 1 a. However, in Fig. 1 c,

the wafer is; i rf i i 12.. According, t o.one
enbod nent ' SRaBpRbnE M & p Yol JHARGTA AP RUF Sl RESIIRLTHLY AL
made of other .materials and have other configurations. Typically, at |east
three or fdJARUSNACALRYoRE2 RIRES aRgle suchithel vhenihe edldest podionwh thenvaley 1 c.
Tungsten wire nmay be fed through the pins if they are hollow. The wire may
cont act t hepabsesitlriough tife eléntrioGplde thewgddctric, fighthiscdt agwaximast Thwewhiteecqpitnos

thus formng the second electrode. A grid 11 may be attached to the pins
and el ect ricfaldfyr tempareire i id iinpovet f @atrolASt t6fabispantdifffugi®n idinpraved, 1 ¢, the
chuck or a body arranged under the object wafer includes a central portion

that incl udgsui@n@indrAgryv@he® et [ O REARIDS NP adtiVa8En bhhR88ng, Bh@Therddy, @nd
lc illustrate a grid of electrically conducting naterial connected to“the

d
annul ar ch r . Qrti ' The. sem.conduct or substrate
can cont actraviny e RubPhr s HARRE LRI TR s B RET SRR ol be
conpri sed gﬁﬁéungsten wire or other suitable nmetal or alloy that does not
nmelt or de e in the tenperature range of interest for annealing. The
grid may be simlar to the grid discussed below arranged in the vicinity of
but not in cont a¥hemaiargemield ganarantisplased suthstchamber, Mieh thdiachC field conpri se
a clanp. The clanmp nmay be included in the annul ar nenber described above.
The annul arpenbtaatps thia yvdrkpieeeheni ffrmdynycrssiitsalnt fecaredtsirdi fhision Yptirgatapid, thédieal
annular clanp is made of netal. A netal clanp ring nmay provide el ectrical

groundi ng p@hedigah afl Poidtd'6n Rle8Fiths 8 iddr&lsel. By this method, the effective diffusion
or a rapid thermal process is increased. By adjusting the strength of the electric field,
total diffusion (or thermals budget) or a single wafer process can be matched to a batch

furnace process. The total diffusion during a single wafer process can be increased to



18 D E C 2003 22 The part of the clanp that protrudes laterally onto the
top surface of the object wafer typically protrudes no nore than about 0.5
nm and vertically above the surface no nore than about 0.25 mm The | ateral
protrusion typically is sufficient to provide mechani cal fbaﬂE i tmd good
el ectrical contact but not enough to inpede the electric e gr ed by
the top el ectrode described bel ow Thel%erti cal protrusion typically is |
m nim zed such that the top el ectrode can be brought into close horizontal
proximty to the clanped object wafer. A clanp, such as that described
herein, typhicAhhyproadssatvidtie Ssesh fot tdchRols Py poBetlsept @R d lighdegepbact the
[

object wafer. Utilizing an annul ar clanp may be desirable to reduce thernal

mass, thergby h i.ng.to fmze the thermal ranp-down of the
sem conduc °8¥nts‘ﬁhf§fngfsereﬂgl de‘r ature itself. To help ensure that

distribution of the electric fjeld when utilizing IS pgurati wi ||
be uniformin tHee Agrfigld 5 typically employed at 3jfrgqueRfy %éaf%oé‘Fﬁ'Sﬂ%%c ‘Epotuhggone
descri bed bel ow as used for the other plate of the electrical field, could
be arr ayeH¥ narpiondraypickliihatidue ST ¢oabhut 2dHZ.s Ths peattte-reald amhbtuda o6 Heer
chuck ring. Such a grid of wires can help to generate a nuch nore uniform

electric fA@'ffblcE]%rlQ?i%l'i‘} IH (RE rHE R abAIRTORI00 VRS to SHolit 100,00s0rems yet anot her
ep

.enmbodi nent of t esent 1 nvention wherein a field source wafer 8 is
arranged on both sjdes, of a | & h j hehed
bet ween t he tvvof]“f"} tgp}?ag%afn@g%\%{étfﬁe’?g Iso?rgn %nggﬁﬁqﬁ%é@%ﬁu%@%%?pﬁt IS
desired to create a uniformfield, then a fie sour ce fer typically
woul d be depl isgawloyed as the tpp eleetrodgand tie ehpgk, h‘P d%%ﬁ&ag%ééhe’ll{o%%l d can

also include arranging a grid of an electrically conducting material such
as Wwires idleastdeatlhd intrinfic yeferdanctpips anaeiclpetrodsrfonshiwing light ergths @,  whi ch
could be conprised of a thin filmof nmetal. If it is desired to create a
spati al | y pefighéi@ed. | BlPhecacdéleéritilglotensialicapebetappliasiol the imtinsdc tefent Al thied.
The grid or plate typically is arranged adjacent to but not in contact with

at | east amQ%F il 3n Bhe RaR bf BF fhe u@%ﬁla@@i@cﬁ%‘%@&’%tﬂé deHRAPoRdnGial. Hever, if

the grid or ate I's I nsulated w oxi de l"ayer, contact is adm ssible,

so long as.there are protrudin ort.ions._of.. I [

i mredi at el elgb%t\?’és;lgyvﬁ?ﬁ&g V\ﬂBﬁ# 859?)51 Cécﬁ? OC%OnSftelao%‘ttS Q%ﬁgagf?f}ao?%g@g ta'ﬁ(gq’t erm
inplies, includes a plurality of passages therethrough. The grid passages
are act ual INPHEEHWHEOIMAE he sense that the thermal radiation enmitted the
anneal i ng | anps can pass through themwith little attenuation. However, in
the case where Irhatermgivelesthodmglents, sn franyrsemisondustorglewice siyeareres, only the

met al - quart z/ oxi de | ayer stack, the thermal radiation is blocked directly

from the objriedl dopimiprofileweyBsartiéiarovatern oAGLExkinple dfthiowginld bethstvadical s
known to take only about 0.5 sec to propagate through these layers to the

obj ect vaf GipolathighGusPORiH-bhlGuhalin® th s bitidth bbiMihnhye ahadiibeg as useful
I ch

heat for t opant anneal I ng, is the object of the present

i nvention. Th ri,d ma e of sui.tabl e conduet | ri may
be confi gu?télﬁz%i“ﬁ’ tbe Gﬂoép‘gﬁaiﬁ&gmfﬁ? of@iealéﬁ?rﬁ&-sn %nc‘%)pe"llggclkf%g}tér g.{eebggilgn
Figs. 2a, 2hb, and 2c. Typically, the netal or other, syitable netal or alloy
is imune $ilieon sats thebgsaviitor Ingansiardpracessing t%%ﬁ@@&ﬂé%moﬁﬁ% only by
tenperatures. According to one exanple, the grid is nmade of tungsten. I n
11 , 18 DESthefifial éffectt Mitrereforie] edrhef thef napiditbermalptoatsingrodiambeolymitatins  have a
sufficiently high nelting point include chromum (Cr), nickel {N),

pl ati num ( Régradéiffoddss anifermify] and thefdordiréduces the uniformity of bipolar transistor

chip performance. However, with the implementation of the present invention, electri-



*The first wire-grid | evel shown in Fig 2a may be separated fromthe field

. source wafer substrate by a distance of about 10 nmto about 100 nm of
deposited quartz or oxide. The first wire-grid | evel nmay conprise a pattern
of parallel tungsten wires having a thickness of about 100 nmto about 500
nm The width of the wires paraliel to the plane of the M@E@a@gg
defined by the desired degree spati al Jariation of the applied electric
field. However, it is typically desirable that the width is sufficient to
permit a wirebond to an external wire, such as a tungsten or copper wre,
at one end dreldenhaneadsdiBusion ds wiied do cathpensatefors ladl ofithersal Wiffushen waehEct ed
to a DC or AC voltage source for generating the electric field. Fig. 2a

represents aegiemssgfahé WdferV T, Afaiathe Bhedil Fertbridnca dishiRfiof idggREnddN & nd
present invention, wherein the tungsten |ayer is patterned as a rectangul ar

oxi o may b ey ke el BoRRicAs WY AR oA banclefbinRt At ne. quar -
i de | b I d [ f I f I I el
Cungat en w Fretiesl- ook DECoRTCeid s us o conil Berdavson pwevssin

Anot her thin |ayer 16, such as on the order of about 100 nm of deposited
quartz or ofrdicasqpince tag field soength guishbe cuitiphind by Waddr positigs tedsyichemidedr med
in the sane way. Contacts to the wires may be forned via wire bond. A

further | ayevithh@afef rotutiomf Bothrtempeéral-dndSphtill Varidoh bf e feXd 418 réfitrele
deposited on the second wire grid |evel 17. The rows and col ums can then

ey ndividually WATEd il RTho8RePleald A0 20013 B 8 6114 T0b0-E!

source. The resulting field inpinging on the object wa

control |l abl tiall ry~ng in pl ane o he @bject wafer. The .
backsi de of igﬁﬂﬁg‘&e“’ Wa%/ ]e)@n%{; egegk%ﬁi[)ﬁ@ﬁﬁhﬂwﬁ’g J“‘F ﬁwgawsaf fAtusjoy for warying 1
c, or 1 d The wire-grid level itself may be fornmed by depositing tungsten
metal of dediReend Wngrhabyed Seldisirgasth of 10R00-wege descri bed above, and then
patterning the nmetal using standard nmask and etch processes which are well
known in the art Ilustreteddu &igirew iiethg deperidene ofiiffusien arefieid atreskth boaTikbe
first by another approximately 10 nmto 100 nm of deposited quartz or

oxi de. Thi stitmepif Galnhiviufes EigRS hOPQIhdt iMGeABRAZINE fRYM&R &)ﬁzg pigkaess of
at | east about the thickness of the wires plus the about { nm to about 100

nm extra togRreM AAGIN l. J | | en nore
quartz or o;}?ddgffggﬁn%Igﬁggposﬁt'gg?lggéjté}ﬂ %m%?%ﬁéﬁ%gé%%ﬁ%eggglggqoﬁt hi ckness,
as is well known in the The tuyn en wifres on the second | evel may
then be formed iH’@‘er?ﬁ??nog{rﬁgicHFF’grH’Fgﬁr%‘fféoq?#tg?flomf(s gy, be pentiglleds r unni ng
orthogonal to the wires in the first |ayer. Another about 100 nmto about
500 nm fi | nigpuggoatrobef the sharactasstios of Hispopliedelcwtie fieldhshavethahsiichiase gri d

| evel to passivate it to prevent shorting to the underlying wafer to be
anneal ed, wpolehtywstréngtindeadioayiredtion, b1 aigth ettive ¢o thahermsledalid hedcabome. Fi g.
2b represents a perspective view of another enbodi ment of a grid, wherein

the grid i ssitiesm®dfer.n an annul ar pattern. The annular grid 19 shown in Fig.
2b may be i1 BDEC 2003

For example, the polarity of the DC electric field may be varied. The polarity of
the DC electric field can depend upon the charge of the dopant(s) and the direction that it
is desired to affect the movement of the dopant(s). For example, a positive DC electric

field may be utilized to retard the diffusion of negative dopants. On the other hand, a



+'26 formed in anal ogous fashion to the rectangular grid of Fig 2a. The base
wafer 13, the annular wiring layer 19 and the radial wring layers 20 may
be Separated by deposited films 21-and 22 of quartz or oxide. Connection
bet ween indi vidual annuli and radii nmay be nmade with yial g tmeen the

| ayers. Wre bonds may formcontacts to the radi al { [} E

bi asing. Here the annular wires nmay be jQi ased individually via the radraL
wires. The radial grid, such as the enbodi nrent shown in Fig. 2b, maybe
formed in a manner simlar to that described above for the rectangul ar
pattern, bupositiverD&mpbeotne fielt avavdd kntaot¢ thietdiBusiemsof positiveldormdanAcerrding tar t .
Fig. 2c illustrates an enbodi nent that represents a sinplification of the
enbodi ment  stattitilar@mpla if the ihplnkdidoparepéciatiows+] andgagve Reld cotldbeone
| ayer of tungsten wire 23 is used. A Iayer 24 of quartz or oxide may be

arranged on, pgaagd% &t%%%%‘idrﬂ%t%%aﬁdT ﬁffﬁc?es OftHebEhe? RO @Hmﬁﬁﬁl’éﬁﬂ I n

Fig. 2c are‘patterne crosshatc lon and are, f ere onnect ed

at the wire intersections. Thus, wi.res for a.r ul ar |dthat when
el ectri cal | JPRaPLERCHIes i$A a?gaaﬁeéﬁluﬁ'ff&aéérspwrtr%ﬁe §gofidteap léffg o affact the
enbodi nent where the grid shown in Figs. 2a, 2b, and 2c is replaced with a
film25. Thdistributiontopwasds thedurfade. t"[lwg;ﬁmgth@f tlwmppbcdrﬁcldmxlaﬂocﬂlmlmehqﬂ byor

al l oy, such as those described herein. A layer 26 of quartz or oxide is
arranged onfré®¢arfibr dch@nirgl GeHerall hﬁle%@d&&ﬂﬂﬁgl@rliﬂ bBetrénget €dritheBass bPvhanBed i 9.
2d may be formed via a sinple y,. .. .~ 8 DEC ~00~ 27 variant of the
above proceéﬁﬁé whi ch typically does not require patterning or a second

| ayer of neta vvever this single netal |ayer typi cally nmust be

passi vated as de eto vent shortin nderI i ng wafer
to be anneal ed. ‘T’ﬁ ftﬁ@ibev‘g |p§?‘i“g’ﬁg 'fele vécé %\&?gﬁ‘t‘r éﬁq i ncl ude a
screening |layer that inhibits penetration of the applied electric field

i nto the wafeaticenrdugtpr subsitateawherp ghesdapaets have b@yémrﬁve%oh‘ﬁm seanigondug@r er i al
that can act to screen the wafer fromthe applied electric field. According
t 0 one enbogibseat is bding surjered gl ameal aod MEF elsetsic diehemain upaigbt pasiioal then
deposited over an oxide |layer. The netal |ayer may be thick. For exanple,

the metal |@yeldBYproduRd at fehitakiReppef surfaéeot tha BerbROndiiftorAlYst&u. U BC
metal may be utilized. According to one exanple, the netal includes a

tungsten fi élg&atg@g id ﬁ’é Ef %ﬁt%ﬂd ®the géggsg&%c'té}es%ﬁﬁ?é( & ‘%irog‘fﬁtsi ?ﬁ s of a

sel ective ar ect er t jected to t ectric freld
anneal aSSI . A a_Cr.ossS-S Vi ew. of duct or
substrate t g?‘ﬁﬁe) «&B bgﬁtscre’egllné d&B&e@'ﬁ?@é’w éfepg’a"’ér“ﬁr*rsfb{% ayer
on the surface of t he sem conduct or substrate. Al ong these |ines

i | 1 ust r at esfigld sansth 3preducsgip dre of isarraroide of te Wérsu@@eh§§}’1b‘é@1h/ ?’é}or“hnged
Regi ons of the sem conductor substrate have been doped with phosphorus 34
and boron 381 jithéo stz 0f2 omalConayBmg3ke chmratenstepaf the Ddyaectridfieligptt hese
lines, the sacrificial layer includes an oxide |layer 40 and a netal |ayer

42. The sacloickfidiisah ah@¥8'thd senREshduseflsibstre diill G oot the diFkkfodGl tiR3ddplanishe
waf er 32 beyond the edges of the boron region 36, but 10|

Every portion of on and under the surface of the semiconductor substrate where

f

the dopant(s) have been introduced may not be subjected to the DC electric field.
Alternatively or additionally, regions on and under the surface of the semiconductor

substrate where dopant(s) have been introduced may be subjected to DC electric field



»'1 ~ DEC 2~00~ 28 away from the phosphorus region 34. In Fig. 3, an optional
| ayer 44 of quartz or oxide is shown on either side of the nmetal oxide -
masked boron-doped region. This provides a planar surface on which to
contact or align the field source grid/netal stacﬁ gﬁgﬁnggﬁgpodinent of
the field source grid/netal stack shown in Fig. 3% 1 wafer 48 with
a |layer 50 of tungsten netal SO on thé>waf er and an oxi de/ quartz | ayer 52
on the nmetal layer. Such a field source wafer is described above in greater
detail. The masking scheme shown in Fig. 3 includes the sacrificial netal

| ayer t hatha%{g%@ﬁn% RRarapBHitRY. fAledgithksedinesjthe fintieatieygthgdidentigns andrprt he
wafer, preferentially masking the boron, while the dopant is fully exposed

to the fully erfcflétgagﬁsrig iod A8y 8IrRE L debendinhpbrA®e irédion 1 dii tRe Serhictiidi@tor
stackK nma a

grid/ net al y be arranged over a portion of the surface of a

sem conduct or subsgtrate. ernativel f el d- Al BRial stack
may be arﬁ%gﬁgﬁ&oﬁhV%EWQFﬁbéﬁ%?%%%H%#%gmégﬁngﬁ3%??%g&gggg%Jgte. The
field-source grid/nmetal stack could actually be nad f aplurality of
sub gri ds.sutfacanybelgwithesurfase @f ﬁwpwogfiw%%'gé‘ifat%ttgﬁb%oae%‘%%ﬁtﬁi ds only
over one or nore selected portions of a sem conductor substrate could help
to furt herc}ﬁ%&érﬁkicﬂirﬂ‘a?w&iqurm‘g théearriipmont(cda. methed aticording & thh greseite
field-source grid/nmetal stack is arranged away fromthe sem conductor

substrate RY YR Y dependi ng upon the enbodinent. As illustrated in Figs.
1l a 1b, 1'c,and 1 d, the field-source grid/netal stack nmay be place in

contact with the object waf nma j ardfe@ut 100
am o about s00Tinmbiaryerrsre e S AL ARRREe R 1R RS pet
field-source grid/netal stack is,arrangeﬁ i? in %9 18 D E.C %8 %scontact
with the sewisuohéhatthsy avwssacawesimpliacopsly FehRgawiy BFe PagPesiad™ | ayer
illustrated in Figs. 2a, 2b, 2c, and 2d, may provide the necessary

i nsul at i onhéweya dyieftdueihg sthidn senticendaptor fubsivatetis ngaled rathoyf eposHRErtar
during the field-assisted anneal. To help refine distribution of the

electric fjgl de ok bR EleSi-fRaUr Eewevdrdt iaecissalyudbe at the anadal teppofature in
individually biasable wires. Additionally or alternatively, the grid may

il ude o bk L AUROR s tEMECOAAGTHlpiaT s heealtian oncl e

i ndi vi dual W'Tes. e grid, each biasable wire and/or each

subgrid may be connected, t squrce of el g I L&l a
Spatial 1y erppignares empeded oy B Ro Sl ealihy Beid fOBREEORE
chuck/lower grid and the field sourgc grid,j;or exanpl e, as shown in Figs.
1 a, 1 b, 2ciEvateqhéppantatomrandrts raass iffsfon 4pstiiNty sour ce consisting of the
uniformnetal filmsandw ched between two insul ating quartz/oxide |ayers,
the electric fi ad falowing eguaticas enayrbetused thjaseribapgtalipnFps HBOMi f orm i n t he
pl ane of the object wafer.

thermodynamics, mobility of the dopant species and the mass diffusion, among other

factors.

In the equations, it is assumed that CGS units are being utilized. Local flux of

dopant may be described by the following equation:

1(x) = ~D(C)VC(X) - Z » u(x)C(REX)



~ Furthernore, electrical contact may be made to the grid or sub grids at a
plurality of l|ocations. Each |ocation may be separately biasable. Depending
on the desired layout of the grid, the grid-wi re conponents can, in
principle be individually contacted via a wiring | ayout achieved in a
fashion well known in the art. This may_ serve to fumgengefz'&g'at he control
of the electric field and, hence, the ffusion of a X tated
above, the grid, regardless of its construction typically has a size
sufficient to cover the entire surface of the sem conductor substrate. Such
a grid can"pPfBdlice a constant electric field at the surface of the wafer
and normal to it. 1 1 18 DEC ~C~3 30 To generate a DC or one-di nensi onal
AC el ectri & i$ thel distamrerfadm the sunface of theoaferfintotibe beliviof diedwidfesr substrate, the
field-source grid/nmetal stack is arranged parallel to the surface of the
sem conduc(gx) isulslocall fumber c&ﬁ&n@ﬁi@f%ﬁﬁ@oﬂih@&ﬁ@ﬁﬁﬁﬁh spRCiesbgttiterest; fiel d is
to be at an angle to the surface of the sem conductor substrate then the

grid and tgéswceﬁag%ts at@nokhjg Rﬁﬂﬁ{iﬂﬁﬁged at an angle relative to each other.

As descri bed previ Y, angle nay be restricted to be |l ess than Jnmax
The strength qf an |ied DC electric field when used may vary) depending
upon the eﬂﬂ%g]erfﬁwte.qg‘%?é“cf‘g@fgﬁ’ that may affect the field strength is the
desired degree of enhancenent or retardation of diffusion of dopants that

i s desiredkigBpltempnys constanbC el ectric field will have a strength of about
0.01 W/cmto about 1.0 MW/ cm at the surface of the sem conductor

subst r at e. TRetheswafel emperatatel i Kedein) conduct or technol ogies, that is, for
dopant pockets |less than about 0.25 nmdeep, it is well-known in the art
that the amngahd pgh ?Jfﬂﬁr&Pbﬂtﬁn{ §iffuSioh REeffieRa€o Bhe dbpat §kcleY of AliGdst iHO0C to
about 1150C and annealing tines are in the range of ‘about 0.5 sec to about
10 sec. In th)'s case, a field of magnitude +/- 0.01 M/ cmis reconmended in
order to efifdfif&/retard n+ dopant, such as phosphorus or arsenic, for
exanpl e. The retardation/enhancenent is reversed for p+ dopants, such as
boron. Hi gRe) i thg applied gletrigdiedd stenetving®cmgfndipout 0.1 to about 1.0 M/ cm
may be required to affect the diffusion/annealing of dopants that have been
i npl ant ed gdde thd mobilibhef thaldepamien itsElfendt dltoe Gee emgertasinsiabed whb itsur f ace of
t he substrate of 18 QEC Z&3 31 the obj ect wafer may vary with depth
into the substr ate RibQeihqelafidn b&ivesE mdbllitygnd diffisioh ebeffisichengthaaimome and
bel ow the surface may actually vary. As referred to above, the nethod
accordi ng f&etm. P8 st dRAR S RYSiliBGh AFEGUAMMIG' RNGHoRfic DEgMGoRE t he

DC or AC electric fie strength on selected portions of The sem conduct or

substrate. (The can perm {,.] ocal ntrol of t I ffasion of the dopant
speci es. Té%m@@?qﬁ@’ g g(t}?‘ﬁ @dpﬁ’g?nﬁjlmwgyg%%n Qgrz?}f hl #%4591 n a variety of
ways. One way to control the DC electric field strength is to provide at

| east one sacrificial |ayer on at |east one portion of a surface of the
sem conduct or substrate where the dopants have been inplanted. Any materi al
that can control the DC or AC el ectu@i=(fkd)tP&)rength nmay be utilized,
which is imune to nelting, degradation, and/or deconposition at the
desired annealing tenperature. Typically, the sacrificial |ayer reduces the
DC or AC electric field strength. The at | east one sacrificial |ayer may

i ncl ude a I : »eviously nentioned) the refractory netals
tungsten, c Fgﬁ?égyﬁﬁrgégwgﬁgratinun1 and the alloy NiCr, are exanpl es of
such netals. The at | east one sacrificial layer may al so include a | ayer of
at least one dielectric material. The dielectric |Jayer would lie on the
surface of the sem conductor subgpCex)p/ M9tngee J{kp nmetal |ayer and the

sem conductor substrate. Any dielectric nmaterial nay be utilized in the
dielectric layer. Exanples of dielectric materials that nay be utilized in
the at | east one sacrificial layer include at |east one nitride and/or at

| east one.oxide. The sacrificial |layers) nmay be applied with standard

phot ol i t hogr aphy maski ng techni ques. 32 18 0 E C 20U3 The thickness of
the dielectric layer may vary, dependi ng upon the enbodi nent. Typically,
the dielectric |ayer has a thickness of about 20 nm More typically, the
dielectric layer has a thickness of about 10 nmto about 100 nm Simlarly,
the thickness of the netal |ayer may vary, dependi ng upon the enbodi nent.
The typical thicknesses are described above. The thickness and conposition
of the sacrificial layer are sufficient to result in the




.'desired effect on the DC electric field. One or nore heat sources may be

utilized for annealing the substrate and dopant(s). The heat sources) nay
be arranged on an opposite side of the seniconductor substrate as the side
that the dopant(s) have been introduced in. The S|ﬂ28tpgﬂ:t t | east one
heat source is arranged opposite nay be opposite t Rat her
than utilizing a sacrificial layer, thé field-source grld/netal stack could
be engineered to lie in close proximty to the sem conductor substrate
surface but without contacting it. The grid could further be engineered to
be an arr ggr G ddpsit s Eeabd Rcofilek delrifindiffasion eljchtion analogats todhat eachintaedd, or
bi ased, to produce the necessary field locally in desired regions of the
wafer. Uti. i | d even permit control on the scal e of
|nd|V|duafhhﬁ#ggnggggw&g'mﬁgHThis could be extrene value in controlling

waf er | evel excursions in device behavior arising fromother sources. The
present invention also provides an apparatus for formng a desired junction
18 D E C 2003 33 profile in a sem conductor substrate. The apparatus
according to th A qlqyp [~ |bed
above. Al ong th@s@bﬁsneg Wegﬁég?vq)s()};g% i ng)rycn) t(gtxgr@g)s(gﬁgﬁl nvention

i ncl udes neans for anneallng a sem conductor substrate in which at |east
one dopant species has been introduced. The annealing neans includes at

| east one heat source. Figs. la, Ib, Ic, and Id illustrate several
di fferent enbodFigenisa giaphéihappangs rdatinskip dietvgeen phosphoprssgant i nvent i on.
The enbodi nent of the apparatus illustrated in Fig. 1 a includes an

el ectri caldoyGRREUATA Qgexﬁwéﬁku&oﬁéﬁea%té ADdGptIERID GRendbated . Blohed ettke 2, in
this case, a sem conductor wafer. The chuck may be as descri bed above.

Along these 4| ness (e Eek I gjoeC{A@?@qmwara' Bgul | @Bk aopyes the

top and bdﬂ expose as showmn in Fig. 1 b

Simlarly, the chuck and, hence, tor strate tate.

Rot ati on cS&ROIHIS|aH0 taBPB?%DFeﬁ?]% r%@ég g}\(& }é ?ﬁoﬁﬁﬁg@% CPR%FH%F 1(ra

sem conductor substrate, if desired. As illustrated in Fig. awre grid
3 fabri catsghifitamlyeetardctak diffistondefohé negative phosphorus ieth “é%leéh%ﬂ‘?ﬂatlt’% geld
refractory netals referred to above, can be arranged within the annul ar

chuck on tdimasiddet. apRRiiciple, dhc DIefidld & sdrenett stenglyi ol thetpadsesteantidrecThi s gri d
does not necessarily have to be in contact with the wafer. Alternatively,

as illustrg Q'tﬁ s i addughullifon GFURTerdoMM THis @Ffcét i€ AGt HHEE] h&e! Howebigedr arvaf er
inlieu of t uck, L1)ut not
field strength of 0.01 to 0.5 MV/cm, the carriers will be at worst in weak accumulation
or weak inversion. Therefore, the screening effect is small and the above model is
applicable.
According to some embodiments of a method according to the present invention,
the DC electric field is produced normal to the surface of the semiconductor substrate.
According to other embodiments, the DC electric field is produced at an angle with

respect to the surface of the semiconductor substrate. Bxposing the semiconductor

substrate to a DC electric field normal to the surface of the semiconductor substrate can



. necessarily be in contact with the wafer. In the latter case, as shown in
Fig. 1 c, the wafer nay be supported on hollow quartz pins through which
tungsten wire can be fed to 18 D E C 2003 34 provide contact to the DC
potential source V2. Fig. 1 d illustrates another enbgodi nent wherein a
duplicate field source gird/ netal staqg i s nmounted uﬁﬁé}iﬁfﬁhZ@@@ obj ect
wafer in lieu if the chuck or wire gri'd shown in Figs. la, Ib, and Ic. In
every case, the potential source V2 nay be applied to the underlying chuck,
grid, or field-source grid/ metal stack. A plurality of lanps 4 is arranged
to provi de pheuit comtral mfoatticehdi ffasios of titealopagt(d)npl ant ed dopant (s). The heat
sources) could be arranged anywhere about the chuck and supported

sem conduct or syhedrhBdiffusith 8P thelddpaf(d) nitSalsd Becdn@alledByis ORY SlkctrisYrdd 88 t he

| anps illustrated in Fig. 1 could alternatively or additionally be arranged

on e OPPOSLIfinglsfh; NEEPHSE 20BN  BelfhenlingIAIHAGANR, | 2T0S

on the opposrte si 0 ds sho nmake 1 nterterence
between the wire grjd arragy,.and the device side, or top, of the fer |ess
i kel y.  HoREeoonil o Haisral iffirion oEdapani(s)is Pugkposeibe nehicontpnteraubsizae i
capabl e of carrying out the processes described above. To generate the DC
or AC el ecal?C of pr¢-diméersiomal A€ ejedtric Geldraaranged alanahgle to temuefaes ofithget her
with the grid 3, nmay be connected to at | east one voltage source 6 and 7,

respect i vekymicbhguotor subgeats O WiautilizingeDCor vacdaterstonah&Cl diebitid el thit
bi asabl e wires or subgrids described above. The vol tage sources generate

the el ectrigc.fi rd : I The. iC
ferd in o et nangle ThieRped 5 uishiface Glle LARiGSINEH) A dhart, oIRIM ihe
normal to the face of .the sem conductor. subst e.. As t ed abovye, the
Or 0" anar ofoBuTRL RGO JHet s aEn: SUvSHPSH AR Bascolb B SRy s by

an angl e 18 DEC 2003 35 with respect to each other to control |ateral

di ffusi on ddisgan; cepsequgnily cparmif thpingod theE Tdeyiceaverian canacitancsf(Costti cal to
| ateral diffusion, as shown in Fig. 5. Fig. 5 illustrates an enbodi nent
wher ei n | at er al Thiefahgk afrthé BCowi ang-dimensia] i ¢éledrit field weidh rdspect ex drepl e,

Fig. S shows the effect of tilting the field-source gridlnetal stack 54 at

%61_2 angl e Bsu#fidd JrREPS&hichMudtdrisiBstey MBY virg, 8épehdiag upbn iRicpRl @ latvaf er 56.
e

diffusion desired. For example, a DC or one-dimensional AC electric field at an angle of
about 15° relative to the surface of the semiconductor substrate can produce a 25% effect
laterally, relative to vertical. In principle, the field angle can vary from 0° to about 90°
with respect to a line normal to the surface of the semiconductor substrate. According to
such embodiments, the angle of the DC or one-dimensional AC electric field with respect
to the surface of semiconductor substrate is sufficient to result in the desired degree of
modulation of the lateral diffusion of the dopant(s). However, practical considerations
with respect to the proximity of the field source to the surface, herein described, may

prevent the angle from exceeding jma=tan™ (h/r), where h is the height of separation of



.'resulting electric field in the object wafer 56 is, therefore, asynmmetric,
as shown in Fig. 5. Along these lines, . the field is stronger on the left of
t he 'dopant pockex 58 than on the right. The out-diffused dopant profile 60
in two-dinensions is, therefore, asymretric, having Tﬂf@E@Z@DQI stance L
on the left, which is farther on than H e diffusion 'diStance on the right
R Wth respect to the vertical outdiffdsion distance V, the ratio is,

t herefore, unequal left-to-right. The chuck, lanps, grids, and other

el ements of the apparatus typically are provided in a processing chanber

(not shown)y. ?&]{dlr#l%th AR A6 &RRE %hﬁgﬂﬂ%&ﬂ?@@af@ ,raHh}li_&HQHd?&s &mal |

condi tions w € processing cha ong these |ines, an apparatus
according to the pregent.ipventjon.can include a punp for controlling the
pressure mﬂ¥ﬂ?hg%h@W§fQPE?QYEBabﬂ@&ﬁ%?@“ﬁﬁ@“ paratus coul d.al so include at
| east one gas source for introducing any desired gases) into the processing
chanber. | n the Rothigung thersemidonduetor sibetdate dufigthe apacading apd exppswtedeta PG a
desired potential source nay be nmade to each individual wire in the grid
via a wire Jpnte fitldeRah afgld with delsectiorthe sémiebnduotor Blibstdatesat hegnit@yinifese a
uni que strength, thus providing a spatially 18 D E C 2003 36 vari abl e
freldin 1 isepl 8fiSetofr delifod Ut RGRGRal S0P RItAEL, (MELRLct wollid RibisRaH kit
g ., each us on t y be

shown in Fi W re annu e first grid layer ma

contacted vj.,a Lhe di al..w .the second | evel.. ntaci may be nade

t hrough vi &4reEHYRE fﬁﬁmahﬁﬁﬁﬁe%%méﬁ? ﬁ%g‘ﬁfﬁfg‘?lﬁn S?C'%(B&WE?HBV‘ neans wel |
known in the art. Wrebond contact to a potential source may be made at the
free end of eachThsfDEms AGgleatriofigld may besetym inptviagptysdyrays: Aeeordmerooadi al
Wi re can be unique as in the enbodi nent represented in Fig. 2a. In the
enbodi ment exahipls theadeaticorubiog subsate 12 brragged oB@n eldetricaly abndyciing Ehdcinthaty be
deposited on a filmof oxide or quartz. The grid may be forned via masking

t echni ques jpglildekNMIcd B 41B&riddltpotdnfial MeheIRROEMAR HctudehoNPfabdthbi 196%. 2b and
2b, an intervening |l ayer of quartz or oxide is deposited between the

overlying s t [ ' il [ es. not
el ude o SEESRR 4RI Gyl e clfte HERRIEN o ROWL by oAReAOPE T 6
does not ingl ude gfr.i d, In both of the enbodinments shown in Figs. 2c and
2d, no i nt Pyt Eield of quartz or oxide is necessary. The electric
field devel oped by the grid of Fig. 2c is, by definition, periodic in the
pl ane of the obj Agmg these dines, Big t lnerepraserts B arass-sediional veew of end ¢rabaefligetietioped
by the uniformfilmrepresented in Fig. 2d is uniformand constant,

spanni ng t ha @pphtane Suhé peteminvdpdonbretht amadgement shown in Fig. 1a, a thin layer 3,

on the order of about 20 nm to about 500 nm, of tungsten (W) metal has been deposited
on a silicon wafer or field source wafer 8. The field source wafer 8 is aligned and
brought into horizontal contact, or near contact, with the object silicon wafer 2, which is
to be annealed. A thin layer of oxide 9, on the order of about 10 nm to about 100 nm, has
been formed on metal layer 3 by the metalization process. The metal-oxide wafer,
including field source wafer 8, metal layer 3 and oxi.de/quartz layer 9, forms one

electrode of the electric field source. The underlying metal chuck 1 forms the other



" Advant ages for | ocal control of dopant diffusion on the object accrue given
the variety of options presented by the above invention. ~1. ~~118D
E C Z003 37 The strength of the DC or AC electric field at the surface of

t he sem conduct or -substrate may vary. Typically, the mogﬁ@m tric
field has a strength of abeut 0.01 M/ cmto about 1.0 W/ olarity
depends upon the dopant type and is chd¥en so as to drive the ionized
species to the surface creating the desired shallow junction or away from
the surface in cases where diffusion enhancenent is desirable. Fields

great er t helectaddrutThe. desived Gedrimgenesated by applying alPClbisns obdthe Fanggedgeoutd any
thin gate oxide that may be present on the wafer. Typically, oxide with a

thi ckness g§itd @Sboli9GoHs BetWrr the@RREDER IR dn Ahit'volhge 6 aicad 0abvabout he DC
or AC electric field strength may vary from above the surface to at the

surface tocel th ur ' Ck &:t: t: 1aF angFe, in
oxi doon a5 STmGR Sy BpROtLe & AR 67 P ARGGGHRGHR RIE 1, e ILEHRTRL
3.9*E, where E is the applied field strength in ajr acuum Ip.the
silicon it e 4 agarepggdpboxs e urkd 2 sdhporied vt £Vo SPW@fggilr?hgmd
description of the invention illustrates and descri bes the present _

i nvent i on. VAddareicomasctad totthefididsolnss waéer SHemdshugkdl.descri bes only the
preferred enbodi nents of the invention, but as aforenentioned, it is to be

under st ood t hat AfifeenHtiveR) tHeWhutls nfag Riddde Dportisethaninexdeoa surfrich eiat
conbi nati ons, nodifications, and environments and is capabl e of changes or

nodi ficati Lt hint : i ' Sl
nerei . coluiehpLiel oP pRFRRE 1AL indhfn UG HAGRER pORIonER (R RHAEHRMctor
know edge of, the [ﬁ{aeyar]{ art. Thg enbodi.nent s dqscr.i ed. herei nabove are
18 D E C 28bsyate Jhahis, henyalpiagy Pemoupied; 19T FEARPIRHR IS RIS B0 EEt i ci ng
the invention and to enable others skilled in the art to utilize the

i nvention Fmokuehshosm intHigr 1b, enbpaneaeseiduana piis: 3 shawniaFigods iAddrHieat i ons
requi red by the particular applications or uses of the invention.

Accor di ngl welltliewdeiaché piti Adongsthasetlinestteadectkinmyl inctide amanniutar@otticortheb t he
formdi sclosed herein. Also, it is intended that the appended clains be

construed {R1ideglaUsige dbbGhpabheLArRIWiIGdineRARSlar portiod ISuchlBlafgelsingl2Ofkhive
claim 1. A nmethod for formng a desired junction profile in a

sem conductg rlﬁi‘f’e’igé %1%1%% %Bo&toangj E %ggletsgﬁicﬁhmor%ilbst}a% Q4 Ghge dhnligaSt One

dopant into t conduct or rate; arrangi ng e sem conduct or
substrate on an el ectrically condycting,chuck that.provigdes a,so of

ol oot | cal PRBRBANIS Fgages tederioaturenepsae e SaPb b Bafbfhor e
conducting material ad] acent at |east a portion of a surface of the

seni conductenicopduaterszubstrgftasi ng the at | east one grid and the electrically
conducting chuck to create an AC or DC el ectrical field; and diffusing the
at | east one dofglblrgpmsenah crogs-stntiosdmicwnfiansthar esbodiment simiter kethexposi ng
t he sem conductor substrate to said DC or AC field. 2. The nethod of claim

1, whereinehib@aah&ftishéwalkin Figeh & dxseptthatheal&fet is nfoaintddi o2l b andulaf hietaret hod of
claiml, wherein the electrical field is a DC electrical field. 4. The

met hod of i , er ej [ i ' Leal -1 ideg! d
having a f r%{ég%kg%(i, W}\g& ggntgag gxr?lyﬁiégééx{p'hgﬁl of th€btledt vl At hBAL 4158 Rlelddes
a substrate grid 11 attached to the chuck 10 under the object wafer 2. In this case the

annular metal chuck forms the second electrode.

Fig 1c. represents a cross-sectional view of another embodiment similar to the



' 5. The nethod of claim4, wherein the frequency is about 0.5 to about 60HZ.
, 6. The nethod according to claiml|, wherein the dopant is inplanted by ion
inplantation. 7. The nmethod according to claim1l, wherein the anneal is a
rapid thermal anneal. 8. The nmethod according to cl a!:p Qg‘gpgpﬁ n the DC
electric field retards dopant diffusi,gn. 9. The meth r a to claim
3, wherein the DC field enhances dopant diffusion. 18 D E C 2003 -40 10.
The net hod according to claiml, wherein the electric field is produced at

an upper surface of the sem conductor substrate and normal to the upper
surface of emhedigent devduintlig. kudiewees.in Fig. 1THbe wafdndsimaunted dprizgpntalxbmi m
1, wherein the grid is arranged over an entire upper surface of the

sem conduciupposiipsiin@l 2. Abdordihiz@o BBé bRBodifkar, thdltnd fetoBb® qhart¥pPRECIOF t he
grid is arranged such that it I's separated fromthe sem conductor substrate

by a dista se?ftheta}ﬁgyénra%’g)%qmdte%f%ﬂ%wnaﬁi%}s; 4q’5{h§3g?th;ﬂ§er@g\ghg%fléccor ding to

claim1l, erern conprises a plu y bi asabl e
wires and the nmethod further conprises individually_ bjasing.the wires. 14.
The met hod "WREEI=higattaheer SF fu P upaerh therméateh Pip BEWBIRSEESHoYRGBIdR 1015,
The nmethod according to claim1, further conprising: reducing the strength
of the DC dunggter wixstmay:b¢ fedithropgh ¢hel pdns ¢ theyore haltosv.oThe waregaay contagti Bteor
substrate. 16. The nethod according to claim15, wherein reducing the field

strengt h codeRsids @f thesbyaot Siafeg, whicheas tesPiigorstie pink) thugforimdyethe@ecapdr t i ons  of
an upper surface of the sem conductor substrate to shield the at |east one

dopant. {1 outeihgee! €8 1§ Hay/ et onefo D EnPERN AL ACAR) b ioahELRAS,

wherein the at least one sdcriticia r conprises-a netal [ayer on the
portions of the , upper surface of, the sem conducfor substrate. 18. Th

met hod accor di n§SEBO¥R 3 Ellgf'7, e eﬁ’ﬁ c?‘H%k gﬁ%g?iﬂwa&gc‘f%%f?qe&]bﬂWéWﬁer
conprises a |layer of dielectric material on the upper surface of the

sem conducinsludssp sentenl poniontbatinglndesrenl walifygimerfarationn e Alangithesa dines.or
substrate. - 41- 18 D E C 2003 19. The nmethod according to claim1,

wher ei n t hEigel cand kallustrat d ghid of alestricelhgtdndoftingunateridl @hnidtedm the about
1.0 MW/ cm at an upper surface of the sem conductor substrate. 20. The

met hod accaimllar@hbék Rleaiber & wweﬁﬁ\%paninlg@n@c ‘Ele@8fnidondhéieF shbk@atpesi tive. 21.
The met hod according to claim 3, erein the DC electric field is negative.

22. The ”ﬂ%&h@%éﬁt;r‘e‘?@{c%ﬂgn %@ca&ime%hum;gﬁyﬁﬁg%ggﬂg E@gﬁ@s{e ljgd out at a

pressure of a at nosphere or | ess. ng to claim
1, wherein_|lateral. and vertical djffusion, of the dopants is, controlled with
2 DC ol oot PREFR Mgt ol Rl ph ! ftdlocbio HAEOH Sieils BAkDr di ng o
claim 23, wherein controlling |lateral diffusion of the dopants conprises:
produci ng CRWeratus rargerqfdatierest or anenaling: Eheghd may be pingilar te thegiid gipayssed
surface of the

below arranged in the vicinity of but not in contact with the semiconductor substrate.

The chuck may comprise a clamp. The clamp may be included in the annular
member described above. The annular clamp may be made of any suitable material.
Typically, the annular clamp is made of metal. A metal clamp ring may provide

electrical grounding potential for the electric field.
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' sem conductor substrate and at an angle with respect to an upper surface of

, the,sem conductor substrate. 25. The nethod according to claim 24, wherein
the electric field is at an angle of up to about 15 with respect to the
upper surface of the sem conductor substrate. 26. The‘]r@tlBEcé) ding to
claim 25, further conprising: rotati nggx he sem conductor substrate during

t he anneal i ng and exposing to the DC electric field. 27. The nethod
according to claim1l1l, wherein the annealing is carried out at a tenperature
of about 900C to about 1150C. 28. The nethod according to claim1, wherein
the anneal i ng i Bhegdrt betie olimyf it protudesatsradlycotrdbe top subtaoe ofitheodiashds. 29.
The met hod according to claim 27, wherein the tenperature of about 900C to

about 115Q¢, 4 ' ' e 6 il ind PerfibAllit abbVe Stecsunfis - 42
B b £ D e e R ey o1 1 The
tenperature i s, ranped wn t Q.rqom tenper at . re of
about 900CTPH tg%g%)O“fP%é“{f\'/g]Fhe a@éﬁ’?@“&?“ﬁﬁé@ﬁ%ﬁ%ﬁ%&% @egfglr%ds to

about 60 seconds. 31. A nethod for form ng{ a desi req}{guncti on pro iLlein a
seni conducmeshanigskstability andogand; edectdcal pentagt byLneirenpugh QAMPEdGIgICHIS: one

dopant into the sem conductor substrate; arranging a field source wafer
adj acent afieligasiuced by she thpetectrbde descsber domduEhovertiod pretaasion Hpwalllids sai d
field source wafer to create a DC or AC electrical field; and diffusing the

at | east %?ﬁgﬂiéﬁ%hcpﬂla@ﬁﬁﬂa eRBtrb M LEaIhY Gt @EloSe hGridontad pydxilnéty exposi ng
t he sem conductor substrate to said DC or AC field. 32. The nethod of claim

31, whereip the electrical fie (S A 1 £ met hod
of claim 3{111,6 Ca%’é‘ieé‘i IEHh atﬁr'ec Jfll‘d"lcr:1 ISLleﬁea@ﬁ1 a?é@s%h%%l@%rg&t %%glb?’? ?nenigg.ge?A. The
met hod of claim 31, wherein the electrjcal. field is an AC electrical field
having a fyequbheposicestpciipdgls tPé%%t?Ct’o‘ge.o Ad Wk¥hod of clai m 34, wherein
the frequency is about 0.5 to about 60HZ. 36. The method according to claim
31, wherein theUtibipargtan smitkap tlampedapie desirablayse eadves thermal arass;thercht hod
according to claim 31, wherein the anneal is a rapid thermal anneal. 38.

The net hodp@pH@rtd nkithizetheildiBa rampatosinofthesdicaidactor subsfratel tamperaturels
dopant diffusion. 39. The nethod according to claim33, wherein the DC

field enhancgs APRARtendish titituRitibution oftheelddbdXifia G ilidfhe Tiae met hod

according to claim erein the electric field is produced at an upper

surface of t sem conduct of subst r at F PO Stkface of
the seni cofi H%‘imoéh‘ﬁgﬂ?ealfrgforﬁ’llﬁﬁ%‘éva%éﬁﬁg%%g%c ciil(#g&lg %’ %P‘g?&n{ 31° furt her
conpri si ng: duci th t th of th AC electric. field

selme)ct ed gdﬁqrq%bgé!bglgw q;q:glsgd %oef‘rglge othgr plate%f 81% e%cmcal %el%(,:ccgdlg be Ialerayedolpl

contact with the semiconductor substrate and the annular chuck ring. Such a grid of
wires can help to generate a much more uniform electric field, and minimize added
thermal mass.

Fig. 1d shows yet another embodiment of the present invention wherein a field
source wafer 8 is arranged on both sides of a object wafer. The object wafer sandwiched
between the two field source wafers is arranged on the chuck 1. Ifit is desired to create a

uniform field, then a field source wafer typically would be utilized.



'. sem conductor substrate. 42. The nethod according to claim41, wherein
reducing the field strength conprises: providing at |east one sacrificial
| ayer on portions of an-upper surface of the senicondgfaoniggqgnx?te to
shield the at | east one dopant fromthe electrical fi . - met hod
according to claim42, wherein the at Jgast one sacrificial |layer conprises
a netal |ayer on the portions of the upper surface of the sem conductor
substrate. 44. The nethod according to claim43, wherein the sacrificial
| ayer further conprises a layer of dielectric material on the upper surface

of the sem conduCipératsiltiereddctridfié|dean alsd éncivlcakrahgiigh pgridcbftahelectrically
sem conduct or substrate. 45. The nethod according to claim 31, wherein the

el ectrical fiohh; i i iR fed On BilesMY 98] 4@ 22D6S cohd@cdid cm at
an upper sué#@égtlryﬁ&aﬂeﬁggeﬁﬂgg%%tlor subs?régtse. ’46. The’ met hod ad(}:%éor di ng
to claim33, wherein the DC el ectri.c field is sitive, A7, The method
accordi ng t@ats Xhighoegul %?%?Wsteﬂgfﬁélg%é’@torfi"be%i Z%[‘&‘% desired (R 448, The
met hod according to claim31, wherein the method is carried out at a
pressur e of spabelly varyatgbelghegrid Geld sourse typdcallyreomidbeutlizede dhgigd ar@late ai m
31, wherein |ateral and vertical diffusion of the dopants is controlled

with a DC efypidallyGahrrdrigell ddjater\€o Bhiamt iri cunkact ivithat least-a pbition dffa &drfac€02003
50. The nethod according to claim49, wherein controlling |ateral diffusion

of the dop ' ; ugy ' ' i i

el ectrical %%%F@Q%agﬁgﬁ%ugg{rrﬂg'ur og‘%(\a’&g? tt igﬁ%%ﬁﬁtng?%?dgyﬁ{s?%lg eand at
an angle with respect. to an. er surface of the.sem conduct supstrate.
51 “The ot 3 SaRigrds gl 5 ngats REr S RSP PR U B K o e
angle of up to about 15 with respect to_the upper surface of the

seni conduct descbedimmediatelbpaboypevhish ModldRIEWIErR2to cl ai m 51, furt her
conprising: rotating the sem conductor substrate during the annealing and
exposi ng to the DEegtidcdsrthe tenindhgplie§Inclides apdirhlity odpessagisriberethralghi M1d1,
wherein the annealing is carried out at a tenperature of about 900C to

about 1150Gsri@passif& #Bhdas Mgéﬁi’nrtge sens€inat the Hermah@ARLBn bgtanheal ing is
carried out for about 0.5 seconds to about 10 seconds. 55. The net hod

according to claj rel (=ypefc) Ao YioQARE ik theabQut 1150C
is naintai n%&lefag?%%néﬁtcwg%g&?grcog%g%ﬁto aggﬁl;%%%_ s%cohtﬂ? 56.’1The met hod
Femper at ar cHhFINE H detipeeat Brocs by SEsornnt0e o iRtr o it s SePCafber  od
of time of te;tt‘)soutl 12' seconh()jls l(;(()1 abo&t ﬁ60 gecl()).ngtg}.s f57.%0A devitce fagr formng a
desi red j unthehoal ppdiatiph & blackedsliveridy fiamche pbisetysaieratidowevies thapiat e
conprising: a neans for annealing a sem conductor substrate in which at

| east one dogahictibathroegnthdisfatki selchovtnite tawemady abvgt Adawes taopopagats thgough | east
one heat source; and neans for producing a DC or AC electrical field and

exposi ng t hg,ege [H.r)]"éférig i SBject Wagér, FhretsBmieoE (HoGadihtiAisall @i btelyCakorbieg gl

si mul taneous with the annéaling, wherein the electrical field generating

means conpr i.l?eqﬁl: heat for the dopant annealing, which is the object of the present invention.
The grid may be made of a suitable conducting material and may be configured in
a grid-quartz or -oxide layer stack as illustrated in Figs. 2a, 2b, and 2c. Typically, the
metal or other suitable metal or alloy is immune from melting and/or warping at the

desired annealing temperatures. According to one example, the grid is made of tungsten.
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an el ectrically conducting chuck on which the sem conductor substrate is
arranged, 45 - 18 DEC 200 neans for. biasing the chuck; at |east one grid
of an electrically conducting material arranged adj acent .o at |east a
portion of at |east one surface of the sem conductgtgsﬁléo @gwhen t he
sem conductor substrate is arranged omghe chuck; and neans for biasing the
at least one grid. 58. The device of claim57, wherein the electrical field
is an AC electrical field. 59. The device of claim57, wherein the
electrical field is a AC electrical field. 60. The device of claim57,

wher ei n t heDglegestifabladefrhétehydmetalstandadiogh thetisive nahffeliently higlameltingpdint61. The
device of claim57, wherein the electrical field is a DC electrical field.

62. The de?r}]cg&geta&ﬁ&ﬁﬂwg%@?%ﬁlké}ir@)?élatiﬁﬁﬁf(iﬂ@,fan_ﬁ@ﬂmﬁﬁxﬁi(mg, AFRIANE | Or

di ffusing east opa to the Sem conductor substrate. 63. The

devi di | ai m 57, in I i.cal fiel '
Gener at 65 a DC aisdinFs G R o enipgar 28 v 1 s5Bractd Bob A ARIARLEE, o

substrate and normal to the upper surface of the sem conductor substrate.
64. The dewafer sabstoatelbyg distansk of Ab@it 10 wEtoabaut 10 nap of depesitedagz og | s

| arger than an entire upper surface of the sem conductor substrate. 65. The
devi ce accekflieNTHedirst wirénghd lewshaiagicomphise gpatttm of megbel angdteh maues hirang

sem conductor substrate by a di stance of about 100 nmto about 500 nm when

the sem co 'ﬁcu'ﬁ%fd?éss %g BSUt 208 nhdtoBbbAMIRhrRN ThORidtRUE the vifos phfidiel®\the Plane
aim

according to c 7, wherein the at |east one grid conprises a plurality

of individually biasable w.re i g hiasi .

i ndi vi dual P “b‘%/‘é{?ieﬁﬁ‘a{/ & ‘Q%ﬁ?%dzl?f@'g.d\é@ﬁe@ed&g{?}eggmg‘i '2:’%?%%"?{3%?% AP clggric
further conpri sing: - 46 - 18 DEC 200 ”ﬁans for rgeduci na the strength of
the el ect rifteld. Hpwpyeroit isepisatsdesiableithadhewidihis subfigient BTt e WHERTFht e,
68. The device according to claimb57, wherein the electrical field has a
strengt h ofto abextiermal GdrelMtichmas hdumgstentor toppavwirmtame£nd gppash rePesitieev e t he
sem conductor substrate. 69. The device according to claimb57, wherein the

el ectrical fh&kdxiesnAWiRS ndlyaset donfédted toel DIChawhgolagt saquefic gemdratil tHZ or
| ess. 70. The device according to claim68, further conprising: neans for

control linglatekgl diffusion of the at |east one dopant with the
el ectri cal %led '

Fig. 2a represents a perspective view of an embodiment of an apparatus of the
present invention, wherein the tungsten layer is patterned as a rectangular grid. A thin
layer 14, such as on the order of about 100 nm, of quartz or oxide may be deposited on a
bare silicon wafer 13. Deposition of the quartz or oxide layer 14 may be followed by
formation of a layer of parallel tungsten wires 15. The wires may be formed by a simple
masking process.

Another thin layer 16, such as on the order of about 100 nm, of deposited quartz
or oxiﬂe may separate orthogonal colﬁmns 17 of tungsten wires formed in the same way.

Contacts to the wires may be formed via wire bond. A further layer 18 of quartz or



. 71. 'The devi ce accordi ng to claim 70, wherein the nmeans for controlling

.- latgral diffusion of the at |east one dopant conprises: neans for producing

the electrical field at an upper surface of the sem conductor substrate and
at an angle with respect to an upper surface of the sﬂrﬂ@ﬁc@gpgg
substrate. 72. The devi ce according t%sd aim71, wherein the € trical
field is produced at an angle of up td~ about 15 with respect to the upper,
surface of the sem conductor substrate. 73. The device according to claim
57, further conprising: nmeans for rotating the sem conductor substrate

during theoaiReady HOd oGtk RPlcRBcdnd wikegid REEN 17 athelrb®k 8nd dfumAd8arfitishce
according to claim57, wherein the at | east one heat source is arranged on

a side of em luct 1hst o : | 7 h evi ce
accordi ng Pg?%cﬁ‘él?‘%@g?,gl%v%dg{r"g’?fﬁgﬁ ﬁég%ﬁﬁtgi&c%lrtrfﬁerep?}}%# g%lg Sﬁlgrc Jc?léérjrp for

cl anpi ng the sem conductor substrate and a grid of ap elegtrically.

conduct i ngTesuttmg figld HBpREmEan the obieet Wafsrmay be p%%fplﬁl?ky. spatig]ly yaEung & the
formng a desired junction profile in a sem conductor substrate, the device
conpri si ngplane of #ie objdd wafér. Th2®backsadenafarbgect eafeanmag dicisnppated enilbsndtedt or
substrate in which at | east one dopant has been diffused, the annealing
means corrpqﬂpj?gl,%’i@@ﬂd_one heat source; and nmeans for producing a DC or
AC el ectrical Tield and exposi ng the sem conductor substrate to the DC or
AC el ectrical figld.sinulktaneous, W h neal i wherein t | ectrical
field generati ng’Jﬁ'l “éltr*ncsfg%% 5F f’gseeif:m%ljweefogglf ?IB glglfofﬂggnt&n Stel%nradéﬂcgfc 6515%& whi ch
the sem conductor substrate is arranged; neans for biasing the chuck; at

| east one fHieimesssuches WéP%FanéPﬂﬁﬁ?&@ﬁfglﬁivﬁc@thh?’bp%“P%%gF et dsingn of at

| east one surface of the semi conductor substrate when the sem conductor
substrat e stendardamagkdind tchiproedssaskyhienare vesdingofvarin Bheaast. nbhe deeorat wiregsid
field source wafer. 77. The device of claim 76, wherein the electrical

field is amwCnmRleelepaakd fioal the fifs-by BaethdeMipexiniately 8) Min46., 1008 & N t he
electrical fieldis a AC electrical field. 79. The device of claim76,

wherein th i ' S <G [ @l ' +fjeld. 80. The
devi ce of ?F@S%Q%“%%‘ﬁ%ﬁﬁdtﬁi’s e e R R TS i
81. The devyi.ce accprding to. claim76, further conprisi means_.f o

i 11 ust ng. Peee Sk b8ty BBk o i Bl G B D o TRk BE 0% e
devi ce according to claim 76, wherein the cgl aét,ri ?al field generati n_g means
gener at es ATIRXUE ta@reyide thespacing e gpHpYduPHeRA!YT C YR TE ST IBR
substrate and normal to the upper surface of the sem conductor substrate.
83. The devambe demsited, byt polishedback7e,a desieedihickness, stis el dmownan Hreiagt.i s

| arger than an entire upper surface of the sem conductor substrate. 84. The
devi ce accahditipsted wilré dn thE seavné 1@iehmial eha@rbedomsedsiapanainetsifuiiamd dhe

sem conductor substrate by a di stance of about 100 nmto about 500 nm when
the first, but with the wires running orthogonal to the wires in the first layer. Another about
100 nm to about 500 nm film of oxide or quartz may be deposited over the second wire-
grid level to passivate it to prevent shorting to the underlying wafer to be annealed, which
will underlay this field-source wafer described above.

Fig. 2b represents a perspective view of another embodiment of a grid, wherein

the grid is formed in an annular pattern. The annular grid 19 shown in Fig. 2b may be



tsem eonductor substrate is arranged on the chuck. - 48 - 18 D E C 2003

. 85. The device according to claim76, wherein the at |east one grid :
corrp‘ri ses a plurality of individually biasable wires and wherein the grid
bi asi ng nmeans individually biasing the wires. 86. T, &mc{ cording to
claim 76, further conprising: nmeans for, reducing th ;ﬁlﬁ%f t he
electrical field on selected portions the sem conduct or substrate. 87.,
The device according to claim76, wherein the electrical field has a
strength of about 0.01 MM/ cmto about 1.0 MV/ cm at an upper surface of the

sem conduct rmed bs hliAégous 3hiolNe tHeMcagASESidlbMBig2e. ThabmeibafeIBtRE N t he
electrical field is an AC electrical field having a frequency of 60 HZ or

| . 89. T, i | Al Y/ ISk ng: f
e o o SRRSO PR 54 RSSO e [
el LIS e R G

means for producing the electrical field at an upper surface of the
seni conduct oy meddwithatias beteleent tha tnyarsg | Wirebotdsmagyp contagts taffpemdisliwirase of
t he sem conductor substrate. 91. The device according to claim90, wherein

the el ectrifelAC beDE bigsiRg.OHefeaHe @inuddt vARG rRaydbe bibsed ndibidubilyl biawhé frdigspect
to the upper surface of the sem conductor substrate. 92. The device

according t@.claim76, further conprising: means for rotating the

sem conduct or substrate during the annealing and exposing to the electrical
field. 93. The dgvi ce,. accaordi to claim 76, wherein the at |east one heat
source is arrangiéc ! %ﬁddﬂlcg‘f%stthf‘ee”%@ﬁl@ﬁ‘?'}cwe%ﬂn E’@bél?’r'ﬁ‘l‘ye'b% 6B {12t he
grid. - 49 - 18 D E C 2003 94. The device according to claim76, wherein
the chuck coaprirsanilariodm desnribed abgyerfor theiregidisnbar phders.divit capprapate
substrate and a grid of an electrically conducting material connected to

t he annul armatladefinitiddhs A vl oAineinAheR. A" ?. A U. A?. AR A9?. A?. A

CACA L ARLA A CA?. A LAY LAYA A AA

Fig. 2c illustrates an embodiment that represents a simplification of the
embodiment shown in Fig. 2a. In the embodiment shown in Fig. 2c, only one layer of
tungsten wire 23 is used. A layer 24 of quartz or oxide may be arranged on top of the
wire grid 23. The wires in the embodiment shown in Fig. 2¢ are patterned in a crosshatch
fashion and are, therefore, connected at the wire intersections. Thus, the wires for a
rectangular grid that when electrically biased are at an equipotential.

Fig. 2d illustrates an embodiment where the grid shown in Figs. 2a, 2b, and 2c is
replaced with a film 25. The film méy be made of tungsten or any other suitable metal or
alloy, such as those described herein. A layer 26 of quartz or oxide is arranged on top of

the film 25.

The continuous metal film 25 shown in Fig. 2d may be formed via a simple
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wafer 48 with a layer 50 of tungsten metal 50 on the wafer and an oxide/quartz layer 52
on the metal layer. Such a field source wafer is described above in greater detail. The
masking scheme shown in Fig. 3 includes the sacrificial metal layer that screens the
applied field from the underlying dopant in the wafer, preferentially masking the boron,
while the dopant is fully exposed to the full effects of the electric field assist.

The field-source grid/metal stack may be arranged over a portion of the surface of
a semiconductor substrate. Alternatively, the field-source grid/metal stack may be
arranged only over portions of a semiconductor substrate. The field-source grid/metal
stack could actually be made up of a plurality of sub grids. Arranging the field-source
grid/metal stack or sub grids only over one or more selected portions of a semiconductor
substrate could help to further control diffusion of the dopant(s).

The distance that the field-source grid/metal stack is arranged away from the
semiconductor substrate may vary, depending upon the embodiment. As illustrated in
Figs. 1a, 1b, 1c, and 1d, the ﬁeld-sou_rce grid/metal stack may be place in contact with the
object wafer or may be arranged at a distance of about 100 nm to about 500 nm away

from the semiconductor substrate. If the field-source grid/metal stack is arranged is in
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contact with the semiconductor substrate, then the topmost quartz or oxide layer,
illustrated in Figs. 2a, 2b, 2c, and 2d, may provide the necessary insulation to prevent
electronic current flow through the object wafer during the field-assisted a;nneal.

To help refine distribution of the electric field, the field-source grid may include a
plurality of individually biasable wires. Additionally or alternatively, the grid may
include a plurality of subgrids. The subgrids may themselves include individually
biasable wires. The grid, each biasable wire and/or each subgrid may be connected to a
source of electric potential to generate a spatially varying electric field in the plane of the
wafer, between the chuck/lower grid and the field source grid, for example, as shown in
Figs. 1a, 1b, lc, and 1d. In the case of the field source consisting of the uniform metal
film sandwiched between two insulating quartz/oxide layers, the electric field at the
surface of the object wafer may be uniform in the plane of the object wafer.

Furthermore, electrical contact may be made to the grid or sub grids at a plurality
of locations. Each location may be separately biasable. Depending on the desired layout
of the grid, the grid-wire components can, in principle be individually contacted via a
wiring layout achieved in a fashion well known in the art. This may serve to further
refine the control of the electric field and, hence, the diffusion of dopants.

As stated above, the grid, regardless of its construction typically has a size

sufficient to cover the entire surface of the semiconductor substrate. Such a grid can

produce a constant electric field at the surface of the wafer and normal to it.
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To generate a DC or one-dimensional AC electric field normal to the surface of
the semiconductor substrate, the field-source grid/metal stack is arranged parallel to the
surface of the semiconductor substrate. If the DC or one-dimensional AC electric field is
to be at an angle to the surface of the semiconductor substrate then the grid and the
substrate will be arranged at an angle relative to each other. As described previously, the
angle may be restricted to be less than Jmax.

The strength of an applied DC electric field when used may vary, depending upon
the embodiment. One factor that may affect the field strength is the desired degree of
enhancement or retardation of diffusion of dopants that is desired. Typically, the DC
electric field will have a strength of about 0.01 MV/cm to about 1.0 MV/cm at the surface
of the semiconductor substrate. For shallow junction semiconductor technologies, that is,
for dopant pockets less than about 0.25 mm deep, it is well-known in the art that the
annealing temperature is in the range of, typically, about 900°C to about 1150°C and
annealing times are in the range of about 0.5 sec to about 10 sec. In this case, a field of
magnitude +/- 0.01 MV/cm is recommended in order to enhance/retard n+ dopant, such
as phosphorus or arsenic, for example. The retardation/enhancement is reversed for p+
dopants, such as boron. Higher fields, such as on the order of about 0.1 to about 1.0
MV/cm, may be required to affect the diffusion/annealing of dopants that have been

implanted deep into the substrate. The field strength below the surface of the substrate of
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field strength above and below the surface may actually vary.

As referred to above, the method according to the present invention may include
varying and/or reducing the DC or AC electric field strength on selected portions of the
semiconductor substrate. The can permit local control of the diffusion of the dopant
species. The DC or AC electric field may be controlled in a variety of ways.

One way to control the DC electric field strength is to provide at least one
sacrificial layer on at least one portion of a surface of the semiconductor substrate where
the dopants have been implanted. Any material that can control the DC or AC electric
field strength may be utilized, which is immune to melting, degradation, and/or
decomposition at the desired annealing temperature. Typically, the sacrificial layer
reduces the DC or AC electric field strength. The at least one sacrificial layer may
include a metal layer. As previously mentioned, the refractory metals tungsten,
chromium, nickel, platinum, and the alloy NiCr, are examples of such metals.

The at least one sacrificial layer may also include a layer of at least one dielectric
material. The dielectric layer would lie on the surface of the semiconductor substrate
between the metal layer and the semiconductor substrate. Any dielectric material may be
utilized in the dielectric layer. Examples of dielectric materials that may be utilized in

the at least one sacrificial layer include at least one nitride and/or at least one oxide. The

sacrificial layer(s) may be applied with standard photolithography masking techniques.
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The thickness of the dielectric layer may vary, depending upon the embodiment.
Typically, the dielectric layer has a thickness of about 20 nm. More typically, the
dielectric layer has a thickness of about 10 nm to about 100 nm.

Similarly, the thickness of the metal layer may vary, depending upon the
embodiment. The typical thicknesses are described above.

The thickness and composition of the sacrificial layer are sufficient to result in the
desired effect on the DC electric field.

One or more heat sources may be utilized for annealing the substrate and
dopant(s). The heat source(s) may be arranged on an opposite side of the semiconductor
substrate as the side that the dopant(s) have been introduced in. The side that the at least
one heat source is arranged opposite may be opposite the grid as well.

Rather than utilizing a sacrificial layer, the field-source grid/metal stack could be
engineered to lie in close proximity to the semiconductor substrate surface but without
contacting it. The grid could further be engineered to be an array of much smaller grids
which could be selectively activated, or biased, to produce the necessary field locally in
desired regions of the wafer. Utilizing subgrids could even permit control on the scale of
individual chips on a wafer. This could be extreme value in controlling wafer level

excursions in device behavior arising from other sources. -

The present invention also provides an apparatus for forming a desired junction
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the present invention includes means for annealing a semiconductor substrate in which at
least one dopant species has been introduced. The annealing means includes at least one
heat source.

Figs. 1a, 1b, 1c, and 1d illustrate several different embodiments of the apparatus
according to the present invention. The embodiment of the apparatus i-l_lustrat_ed in Fig.
la includes an electrically conducting chuck 1 supporting a semiconductor substrate 2, in
this case, a semiconductor wafer. The chuck may be as described above. Along these
lines, the chuck may comprise an annular ring that leaves the top and bottom surfaces of
the object wafer exposed, as shown in Fig. 1b. Similarly, the chuck and, hence, the
semiconductor substrate may rotate. Rotation can help to ensure uniformity of
processing over the entire semiconductor substrate, if desired.

As illustrated in Fig. 1b, a wire grid 3 fabricated of electrically conducting
material, such as one of the refractory metals referred to above, can be arranged within
the annular chuck on the side opposite of the field-source grid/metal stack. This grid
does not nécessarily have to be in contact with the wafer. Alternatively, as illustrated in
Fig. 1¢, such a wire grid can underlie the object wafer in lieu of the chuck, but not
necessarily be in contact with the wafer. In the latter case, as shown in Fig. 1c, the wafer

may be supported on hollow quartz pins through which tungsten wire can be fed to
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source V2 may be applied to the underlying chuck, grid, or field-source grid/metal stack.

A piurality of lamps 4 is arranged to provide heat to anneal the substrate and
implanted dopant(s). The heat source(s) could be arranged anywhere about the chuck and
supported semiconductor substrate. Along these lines, the heat source(§), suc@ as the
lamps illustrated in Fig. 1 could alternatively or additionally be arranged on the opposite
side of the chuck as shown in Fig. 1. Arranging the lamps on the opposite side of the
chuck as shown in Fig. 1 can make interference between the wire grid array and the
device side, or top, of the wafer less likely.

However many heat sources are utilized, the heat sources may be capable of
carrying out the processes described above.

To generate the DC or AC electric field, both the grid § and the chuck 1, alone or
together with the grid 3, may be connected to at least one voltage source 6 and 7,
respectively. The voltage sources may be connected to the individually biasable wires or
subgrids described above. The voltage sources generate the electric field between the
grid 5§ and the chuck/grid 3. The electric field in the embodiment illustrated in Figs. 1a,
1b, 1c, and 1d is normal to the surface of the semiconductor substrate. As stated above,

the grid and/or semiconductor substrate may be arranged such that they are at an angle



+ 109%&2&" () - exxynyy$zuzdEbC10% 410%Z& () -y, ! 109%Z& ()-L*t! 10%&Z& () -
, (109%Z& ()-%!109%& ()-# "10%Z& ()-uzz{{{{-{0{| bClLO%G 10%& ()- @O%& ()- -
)1?;/«54/8&Y( )10)Z| 182 1?2310;%&' ()/— 0s109%&& ()-|}(xyz{}[ M1 10[[ 1O[[ 1O[[!

1109 "()-) 109 () -! "10% & ()-1 "109%& ()-! YG ¥O§&r EM?1 10
10Y1 - ) 0 0 1°8DEC Y003 H
1099& ()-Y,s!109%& ()-Y3"109%0& ()-3y1(§‘§6|’&' ()-310%& ()-F10%& ()-<=dEM?1 ,
10[[ 10Y 10%& ()-3 s
1090& () - YFs! 1099& ()-F109%0& ()-!10%& ()-Y!'109%9& ()-<;dEM?1 10[[ 10F @
1099&' () - Fo%vith D96p&it(td chStidthents contr&dhtel) Ui is{on- ¥ GledbaE& efticalFdifBFRin (af -welk nb C
10[[ 1 10% & ()- 10T 10T 10TY O 10%& ()-F3.109%& ()- F,109%& ()-3

) Y1098 & () - s3therdolHeltical 18 MM GH rigion! & 4R (n)Fi%. 5.
311098 ()-13110% (& ()- @OY% & ()-10% & () - YngHC 10((!! YS10%g& () -

10%9& () - .10°/¢g & 1§i)g_. Sﬁqgﬁrgtc(s)ah\épnﬂb%%ﬁnen(t Wnefed fater A it AE being carried

out/controlled. For example, Fig. 5 shows the effect of tilting the field-source grid/metal
stack 54 at an angle 8 with respect to a line normal to surface of the object wafer 56. The
resulting electric field in the object wafer 56 is, therefore, asymmetric, as shown in Fig. 5.
Along these lines, the field is stronger on the left of the dopant pocket 58 thal_l on the
right. The out-diffused dopant profile 60 in two-dimensions is, therefore, asymmetric,
having diffused a distance L on the left, which is farther on than the diffusion distance on
the right R. With respect to the vertical outdiffusion distance V, the ratio is, therefore,
unequal left-to-right.

The chuck, lamps, grids, and other elements of the apparatus typically are
provided in a processing chamber (not shown). Utilizing a processing chamber can
permit control of all conditions within the processing chamber. Along these lines, an
apparatus according to the present invention can include a pump for gontrolling the
pressure within the processing chamber. The apparatus could also include at least .one
gas source for introducing any desired gas(es) into the processing chamber.

In the embodiments illustrated in Figs. 2a and 2c, contact to a desired potential
source.may be made to each individual wire in the grid via a wire bond at each end of the

wire. Bach potential source may have a unique strength, thus providing a spatially
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Fig 2b., each wire annulus on the first grid layer may be contacted via the radial wires on
the second level. |

Contact may be made through vias etched through the intervening quartz or oxide
by means well known in the art. Wirebond contact to a potential source may be made at
the free end of each of the radial wires. The potential source for each radial wire can be
unique as in the embodiment represented in Fig. 2a.

In the embodiments illustrated in Figs. 2a, 2b, and 2c, the metal grid film may be
deposited on a film of oxide or quartz. The grid may be formed via masking techniques
well known in the art. In the embodiments shown in Figs. 2b and 2b, an intervening layer
of quartz or oxide is deposited between the overlying second metal grid.

The embodiment shown in Fig. 2c does not include a second grid layer. Also, the
embodiment represented in Fig. 2d does not include a grid. In both of the embodiments
shown in Figs. 2¢ and 2d, no intervening layer of quartz or oxide is necessary.

The electric field developed by the grid of Fig. 2c is, by definition, periodic in the
plane of the object wafer. On the other hand, the electric field developed by the uniform
film represented in Fig. 2d is uniform and constant, spanning the entire surface of the
object wafer.

Advantages for local control of dopant diffusion on the object accrue given the

variety of options presented by the above invention.
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substrate may vary. Typically, the DC or AC electric field has a strength of about 0.01
MV/cm to about 1.0 MV/em. The polarity depends upon the dopant type and is chosen
so as to drive the ionized species to the surface creating the desired shallow junction or
away from the surface in cases where diffusion enhancement is desirable. Fields greater
than about 1.0 MV/cm may result in break down and/or damage to any thin gate oxide
that may be present on the wafer. Typically, oxide with a thickness of less thfm 4.0 nm is
considered "thin".

As stated above, the DC of AC electric field strength may vary from above the
surface to at the surface to below the surface of a semiconductor substrate. For example,
in oxide on a silicon wafer, the electric field may have a value of about 3.9*E, where E is
the applied field strength in air or vacuum. In the silicon itself, the field has a value of
about 11.9*E.

The foregoing description of the invention illustrates and describes the present
ir;vcntion. Additionally, the disclosure shows and describes only the preferred
embodiments of the invention, but as aforementioned, it is to be understood that the
invention is capable of use in various other combinations, modifications, and
environments and is capable of changes or modifications within the scope of the

inventive concept as expressed herein, commensurate with the above teachings, and/or

" the skill or knowledge of the relevant art. The embodiments described hereinabove are
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further intended to explain best modes known of practicing the invention and to enable
others skilled in the art to utilize the invention in such, or other, embodiments and with
the various modifications required by the particular applications or uses of the invention.
Accordingly, the description is not intended to limit the invention to the form disclosed

herein. Also, it is intended that the appended claims be construed to include alternative

embodiments.
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1. A method for forming a desired junction profile in a semiconductor substrate,
comprising the steps of:
introducing at least one dopant into the semiconductor substrate;
arranging the semiconductor substrate on an electrically conducting chuck that
provides a source of electrical potential;
arranging at least one grid of an electrically conducting material adjacent at least
a portion of a surface of the semiconductor substrate;
biasing the at least one grid and the electrically conducting chuck to create an
AC or DC electrical field; and
diffusing the at least one dopant by annealing the semiconductor substrate while

exposing the semiconductor substrate to said DC or AC field.

2. The method of claim 1, wherein the electrical field is an AC electrical field.
3. The method of claim 1, wherein the electrical field is a DC electrical field.
4, The method of claim 1, wherein the electrical field is an AC electrical field

having a frequency of 60 HZ or less.

5. The method of claim 4, wherein the frequency is about 0.5 to about 60HZ.

6. The method according to claim 1, wherein the dopant is implanted by ion
implantation.

7. The method according to claim 1, wherein the anneal is a rapid thermal anneal.

8. The method according to claim 3, wherein the DC electric field retards dopant
diffusion.

9. The method according to claim 3, wherein the DC field enhances dopant

diffusion.
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upper surface of the semiconductor substrate and normal to the upper surface of the

semiconductor substrate.

11. The method according to claim 1, wherein the grid is arranged over an entire

upper surface of the semiconductor substrate.

12. The method according to claim 1, wherein the grid is arranged such that it is
separated from the semiconductor substrate by a distance of about 100nm to about 500

nm.

13. The method according to claim 1, wherein the grid comprises a plurality of

individually biasable wires and the method further comprises individually biasing the

wires.
14. The method according to claim 1, wherein the grid comprises tungsten.
15. The method according to claim 1, further comprising:

reducing the strength of the DC or AC electric field on selected portions of the

semiconductor substrate.

16. The method according to claim 15, wherein reducing the field strength
comprises:
providing at least one sacrificial layer on portions of an upper surface of the

semiconductor substrate to shield the at least one dopant from the electrical field.

17. The method according to claim 16, wherein the at least one sacrificial layer
comprises a metal layer on the portions of the upper surface of the semiconductor

substrate.

18. The method according to claim 17, wherein the sacrificial layer further
comprises a layer of dielectric material on the upper surface of the semiconductor

substrate between the metal layer and the semiconductor substrate.
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about 0.01 MV/cm to about 1.0 MV/cm at an upper surface of the semiconductor

substrate.

20. The method according to claim 3, wherein the DC electric field is positive.

21. The method according to claim 3, wherein the DC electric field is negative.

22. The method according to claim 1, wherein the method is carried out at a pressure

of about 1 atmosphere or less.

23. The method according to claim 1, wherein lateral and vertical diffusion of the

dopants is controlled with a DC electrical field or AC-electrical field.

24, The method according to claim 23, wherein controlling lateral diffusion of the
dopants comprises:

producing the DC electrical field or AC electrical field at an upper surface of the
semiconductor substrate and at an angle with respect to an upper surface of the

semiconductor substrate,

25. The method according to claim 24, wherein the electric field is at an angle of up

to about 15° with respect to the upper surface of the semiconductor substrate.

26. The method according to claim 25, further comprising;:

rotating the semiconductor substrate during the annealing and exposing to the
DC electric field.
27. The method according to claim 1, wherein the annealing is carried out at a

temperature of about 900°C to about 1150°C.

28. The method according to claim 1, wherein the annealing is carried out for about

0.5 seconds to about 10 seconds.

29. The method according to claim 27, wherein the temperature of about 900°C to

about 1150°C is maintained for about 0.5 seconds to about 10 seconds.
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10-!dl room temperature from the temperature of about 900°C to about 1150°C over a period of

time of about 10 seconds to about 60 seconds.

31. A method for forming a desired junction profile in a semiconductor substrate,
comprising the steps of:

introducing at least one dopant into the semiconductor substrate;

arranging a field source wafer adjacent at least one surface of the semiconductor
substrate;

biasing said field source wafer to create a DC or AC electrical field; and

diffusing the at least one dopant by annealing the semiconductor substrate while

exposing the semiconductor substrate to said DC or AC field.

32. The method of claim 31, wherein the electrical field is an AC electrical field.

33, The method of claim 31, wherein the electrical field is a DC electrical field.

34, The method of claim 31, wherein the electrical field is an AC electrical field
having a frequency of 60 HZ or less.

35. The method of claim 34, wherein the frequency is about 0.5 to about 60HZ.

i . . . . .
36. The method according to claim 31, wherein the dopant is implanted by ion
implantation.

37. The method according to claim 31, wherein the anneal is a rapid thermal anneal.
38. The method according to claim 33, wherein the DC electric field retards dopant
diffusion.

39. The method according to claim 33, wherein the DC field enhances dopant
diffusion.
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semiconductor substrate.

41. The method according to claim 31, further comprising:
reducing the strength of the DC or AC electric field on selected portions of the

semiconductor substrate.

42, The method according to claim 41, wherein reducing the field strength
comprises:
providing at least one sacrificial layer on portions of an upper surface of the

semiconductor substrate to shield the at least one dopant from the electrical field.

43. The method according to claim 42, wherein the at least one sacrificial layer
comprises a metal layer on the portions of the upper surface of the semiconductor

substrate.

44, The method according to claim 43, wherein the sacrificial layer further
comprises a layer of dielectric material on the upper surface of the semiconductor

substrate between the metal layer and the semiconductor substrate.

45, The method according to claim 31, wherein the electrical field has a strength of
‘ about 0.01 MV/cm to about 1.0 MV/cm at an upper surface of the semiconductor
" substrate.

46. The method according to claim 33, wherein the DC electric field is positive.

47. The method according to claim 33, wherein the DC electric field is negative.

48. The method according to claim 31, wherein the method is carried out at a

pressure of about 1 atmosphere or less.

49, The method according to claim 31, wherein lateral and vertical diffusion of the
dopants is controlled with a DC electrical field or AC-electrical field.
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producing the DC electrical field or AC electrical field at an upper surface of the
semiconductor substrate and at an angle with respect to an upper surface of the

semiconductor substrate.

51. The method according to claim 50, wherein the electric field is at an angle of up

to about 15° with respect to the upper surface of the semiconductor substrate.

52. The method according to claim 51, further comprising:

rotating the semiconductor substrate during the annealing and exposing to the
DC electric field.
53. The method according to claim 31, wherein the annealing is carried out at a

temperature of about 900°C to about 1150°C.

54. The method according to claim 31, wherein the annealing is carried out for about

0.5 seconds to about 10 seconds.

55. The method according to claim 54, wherein the temperature of about 900°C to

about 1150°C is maintained for about 0.5 seconds to about 10 seconds.

56. The method according to claim 55, wherein the temperature is ramped down to
room temperature from the temperature of about 900°C to about 1150°C over a period of

time of about 10 seconds to about 60 seconds.

57. A device for forming a desired junction profile in a semiconductor substrate, the
device comprising:

a means for annealing a semiconductor substrate in which at least one dopant has
been diffused, the annealing means comprising at least one heat source; and

means for producing a DC or AC electrical field and exposing the semiconductor
substrate to the DC or AC electrical field simultaneous with the annealing, wherein the
electrical field generating means comprises:

an electrically conducting chuck on which the semiconductor substrate

is arranged;
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to at least a portion of at least one surface of the semiconductor substrate when
the semiconductor substrate is arranged on the chuck; and

means for biasing the at least one grid.

58. The device of claim 57, wherein the electrical field 1s an AC electrical field.
59. The device of claim 57, wherein the electrical field is a AC electrical field.
60. The device of claim 57, wherein the electrical field is a one-dimensional

electrical field.

61. The device of claim 57, wherein the electrical field is a DC electrical field.

62. The device according to claim 57, further comprising means for diffusing the at

least one dopant into the semiconductor substrate.

63. The device according to claim 57, wherein the electrical field generating means
generates a DC electric field at an upper surface of the semiconductor substrate and

normal to the upper surface of the semiconductor substrate.

64. The device according to claim 57, wherein the at least one grid is larger than an

entire upper surface of the semiconductor substrate.

65. The device according to claim 57, wherein the grid is separated from the
semiconductor substrate by a distance of about 100 nm to about 500 nm when the

semiconductor substrate is arranged on the chuck.
66. The device according to claim 57, wherein the at least one grid comprises a
plurality of individually biasable wires and wherein the grid biasing means individually

biasing the wires.

67. The device according to claim 57, further comprising:
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68. The device according to claim 57, wherein the electrical field has a strength of
about 0.01 MV/cm to about 1.0 MV/cm at an upper surface of the semiconductor

substrate.

69. The device according to claim 57, wherein the electrical field is an AC electrical

field having a frequency of 60 HZ or less.

70. The device according to claim 68, further comprising:
means for controlling lateral diffusion of the at least one dopant with the

electrical field.

71. The device according to claim 70, wherein the means for controlling lateral
diffusion of the at least one dopant comprises:
means for producing the electrical field at an upper surface of the semiconductor

substrate and at an angle with respect to an upper surface of the semiconductor substrate.

72. The device according to claim 71, wherein the electrical field is produced at an

angle of up to about 15° with respect to the upper surface of the semiconductor substrate.

73. The device according to claim 57, further comprising:
Lo means for rotating the semiconductor substrate during the annealing and

exposing to the electrical field.

74, The device according to claim 57, wherein the at least one heat source is

arranged on a side of the semiconductor substrate opposite the grid.

75. The device according to claim 57, wherein the chuck comprises an annular
clamp for clamping the semiconductor substrate and a grid of an electrically conducting

material connected to the annular clamp.

76. A device for forming a desired junction profile in a semiconductor substrate, the

device comprising:
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means for producing a DC or AC electrical field and exposing the semiconductor
substrate to the DC or AC electrical field simultaneous with the annealing, wherein the
electrical field generating means comprises:
an electrically conducting chuck on which the semiconductor substrate
is arranged;
means for biasing the chuck;
at least one field source wafer arranged adjacent to at least a potion of at
least one surface of the semiconductor substrate when the semiconductor
substrate is arranged on the chuck; and

means for biasing the at least field source wafer.

717. The device of claim 76, wherein the electrical field is an AC electrical field.
78. The device of claim 76, wherein the electrical field is a AC electrical field.
79. The device of claim 76, wherein the electrical field is a one-dimensional

electrical field.

80. The device of claim 76, wherein the electrical field is a DC electrical field.

81. The device according to claim 76, further comprising means for diffusing the at

least one dopant into the semiconductor substrate.

82. The device according to claim 76, wherein the electrical field generating means
generates a DC electric field at an upper surface of the semiconductor substrate and

normal to the upper surface of the semiconductor substrate.

83. The device according to claim 76, wherein the at least one grid is larger than an

entire upper surface of the semiconductor substrate.

84. The device according to claim 76, wherein the grid is separated from the
semiconductor substrate by a distance of about 100 nm to about 500 nm when the

semiconductor substrate is arranged on the chuck.
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semiconductor substrate.

87. The device according to claim 76, wherein the electrical field has a strength of
about 0.01 MV/cm to about 1.0 MV/cm at an upper surface of the semiconductor

substrate,

88. The device according to claim 76, wherein the electrical field is an AC electrical

field having a frequency of 60 HZ or less.

89. The device according to claim 87, further comprising:
means for controlling lateral diffusion of the at least one dopant with the

electrical field.

90. The device according to claim 89, wherein the means for controlling lateral
diffusion of the at least one dopant comprises:
means for producing the electrical field at an upper surface of the semiconductor

& substrate and at an angle with respect to an upper surface of the semiconductor substrate.

91. The device according to claim 90, wherein the electrical field is produced at an

angle of up to about 15° with respect to the upper surface of the semiconductor substrate.

92, The device according to claim 76, further comprising:
means for rotating the semiconductor substrate during the annealing and

exposing to the electrical field.

93. The device according to claim 76, wherein the at least one heat source is

arranged on a side of the semiconductor substrate opposite the grid.
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94, The device according to claim 76, wherein the chuck comprises an annular
clamp for clamping the semiconductor substrate and a grid of an electrically conducting

material connected to the annular clamp.



