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Electrical and Physical Properties of Rapid-Zone-Recrystallized SOI Made
Using a Pulsed Arc Lamp
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Recrystallization using a high-energy pulsed xenon arc larnp line source
has produced defect-free single crystal SOI suitable for 3 -d Ic
applications. Material is prepared in a single high-speed scan using
whole wafers without the need for a vacuum ambient. Duration of tha
high temperature cycle is less than 30s. Experiments with seeded
samples are described.

Introd:ction
Ttris paper presents a rapid zore

recrlzstal-Iization systeur usirg a pulsed xenon arc
laq) as ttre zone, ercrgy sollrce. The systenr

reates corditior:s sirnilar to tlpse in the'.so:lrce
ebean prcoesses withort the reed for rracrnm. Ihe
tecfmi,We can reoryetallize an entire ttu€e iJrcfi
wafer in a sirgle p.Est tfrere:fore ttris represents
a trntential hi$-th:orgrgrt alternative to raster-
scannirxg spot recrystaUization systeurs for 3d IC
applications.

Sinnrlations of tberrnal profiles in a rapid
zone-recrlzstallization qgsternl i:rdicate that for a
given systen of fiLrs ard a zone of fi:<ed .pc'hm
densitlr, the preheat teJrpem,turc and scan speed

can be cptfurized to effectively isolate rreltirxg fut

tlre top SOI layer. fUrftrernpre, variations in
the scan speed are seen to be nrcle influential
tban variations in film thiclsress, pc&rer densiQr,
or preheat teneera.ture. Scan speeds nust be

within 58 of tlreir optinnun values (for systens
with pc'wer densities in the lcm ldvcnr-2 rarge) to
be atrplicable to 3d ICrs.

SOf natcriaLs prepa::ation tetrriqlres inclr-rde

buried insulator2, ard ocidation of polsls
silicon3 (bottr rtcold prooessesrt) , as well as nelt
rystaUization usirg laser4 or electrcn:-bearn

spot sqrcess or g::aFhite strip-treater lirp
scu:rces6. of these, orly slnt reeystallization
tecfrrriques have been sressfirlly applied to 3-d

ICrs for tn^SI7; ermn zoneneltirg systecrc

exoessively heat urderlyirg layers, Ae*nqfUg
sristirg stmctures.

Zone recystallization prrcdrrces larrge are.l
SOI islards ard tns hi$ thrugrqrrt. Spot so,rrces
arre rasten-scanrred, creatirg $ain bqmlaries
betneen srocessive san€€ps. To atrply zone-nelting
qlstens to 3-d ICrs, the zore posrer densiQ rnrst
be great encN$t so that t}re the widttr can be

tlErrErow lfriLe tlte scan speed is fast eru.rglt to
prevent ove*eating erdstiry layers. f.iresorre
ebeans are the ofly rapid zore-necrrystdllization

rystelns for 3d VISIS pncposed treretofore.

ngertnent
Xenon lanp radiation in higrenergy trrrlses is

ideaf for efficierrt energy b:ansfer to prrelreated

Si because it is predoninantly in t}re vi-sible
spectnnn wittr less t}ran t 8 of tbe fi$rt in the
infrar€d rlarge beyorrt the absoption cutoff point.
FUr{henrotre, Icff ilgrrity quartz waveguides can be

desi$ed to ool,linate tbe lanp vrall ener'gyt enetrgy

t::ansfer efficiencies el<ceediry 7OZ Erre easily
etained withort tlre use of lenses or reflector:s.

lltte reeystallization atrparatr:s is strcryn

schanatically in Fig.L. A xenon arc lanp is
qerated in hig-enerrglf prlsed ncde. Ihe latp
eneLgy is tJ.ansferred to the surface of a

scannirg, preheated ftree irrlr wafer via a

slmthetic Erar+z plat€-Wtic laveguide. llhe alc



Iarp discharges a nulti-stage qrillemLin pulse
fornuirg retwork9, ensr.rrirg a constant pc'hrer

density alorg tlre zone at tlp wafer level duriry
ttre pulse.
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Fig.l: Sctrernatic Representation of Arc Iary Zone
Reczystallization Slfstem

Fig. 2 strcns a block diagr:anr of tlre
recrystallization qgstenr. The trntterned ruafer is
rumted on a banslatirg table ard pretreated kryr ctr

turgsten-haloeten lanps to within a few hurdred
degrees of ttre Si reltirg poht, to preverrt
fi:acturre of tlre wafer due to therrnal shoctk durirq
tlre pulse. After ttre sanple is appropriately
pretrcated, ttre b:anslation table aocelerates to
tJre desi:red scan speed ard the lanp is trrrlsed as

the rpafer passes urder the waveguide, tJrenelqr

zone-neltirg the surface. Ttre wafer then cools tryz

radiation in a fenr secords. Itre errtire dur:ation
of the nigft-terperaU:re prccess is usually less
tban 20 secords, deperrdirq on ttre operatirg
paJranpters selected.

Ito assess the .variqrs seedirg configr:rati_ons
ard to detennine an optfuun ccnlcination of fifn
thicioess, preheat tengerature, ard scan speed for
obtainirg rnaterial suitable for active devioes,
thr€e inch Si wafers were patterned with tlre
seeding t€st pattern strcnvn in F'ig. 3. This
pattern has varios Qpes of seed wi:rdcms, suctr as
lines alorg ard against ttre scan direction,
squares ard dianord strapes, ard ctrern:ons. Scans

alorg the [L00] ard tie [LL0] direction were both
studied. Itre Si active layer is LFCVD polysilicon
on tbennally ga€!'rn SiO2. Salples were prepared

with variq.rs insulator thicl<nessesr €ls well as

several encapsulation confignrrations .

Fig.2 : Recrrystallization {rstem Blocl< Diagn:anr

Fig.3: Seed Wirdcry $est Patterns for Rrelfuninar?
Strrdy

The resufts on the sanples rnade usirq ttte
IIBsk of Fig.3 irdicated a test derrioe nask set
should be generated. tlectrical measurerrents on
denrices prcoessed in rcczlptallized rnaterials are
used to assess the nost fuWo*ant SOf rnaterials
parunet€rs, nanely FEI channel nobility, rninoritlz
carrier lifetfue, back-ctranrel leakage, ard ffu€d
inteface &arrge density. These palalrEters are
reasu:red usirq !ffifEfrs, gate-oxide ard insulator
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capacitor.s, jurrction diodes, pIN diodes, ard
SdtottJqr barzier diodes; all of tlese device tj/pes
a:re included on ttre active denrice test rnask.

Eperi-menta-l ReEuIts
Reorystallization of the top Si layer wittr

the substrate orierrtation was obtained usi:rg a
wide varietlz of pretreat teneeratures, scan.speeds,
film layer thiclcnesses, ard zone widths. Ihe
qlstem pcrrer densiQr at ttre wafer zurface was
fixed in tlre 3-4lSV crn-2 l:ar4'e.

Varyfuq tlre insulator thicJ<ness in ttre 400 to
1-000run mrge produced no significant differences,
so all ensuirq operinents used 500rsn oxide
insulatirg layers. Itre oxide encapstrlating layer
needs to be i.OOrun or tlicker to prerrent
agglcrreration of tlre relt, bltt no sigrificarrt
variation was fount in using caps anlmtrere frronr

L00 to L000run thick. AIso, no difference v,las

fourd between depositcd or tlrerrnally gmonn cappirg
filns. Itre use of a 5Orun Si3N4 antireflection
filn over the cap (50run beirg ttre average quar{er-
wave value of ttre ctrief energy spike jn tlre xenon
larp spectnnn) prodrced a noticeable inprcvenrent
in enengy absortrtion in tlre wafers.

Ihe effectiveness of different seed wirdcms
varied great1y. I-east effective in rnaintainirg
the srbsb:ate orientation in the top filn ane ttre
periodically spaced squares or diarnords. Stripes
alorg the zone direction or drevron-patterned
windcms prcduoe rraryirq nesults. $rcoth SOf of
uniform thicJ<ness is repnoducibly obtained usirq
five or ten micrron wide stripes in tlre dinection
of the scan, agreeirg with results obtained by
rapid zone-recrrystallization r:sirg line-sounce e-
bearnslo. If the seed stripes are spaced cnrer j.OO

micrpns apart, tlre SOf beccrnes a milcture of seeded

rraterial ard r:andcnr spontaneo.lsly nrcleated
islards. Seeded sirgle crystal islards LOO

micrrcns wide ard rry to 2.5 mm lorg were fourd.
seedirg is appreciably nore effective if tlre scan

is alorg ttre <L00> direction, but scanniry alorg
tlre <l-L0> direction also pr-oduces good rnaterial.

Fig. 4 (a) strcrus an electron micnogapLr of a
reorystallized region of 20 micron wide SOI

islards with 10 micron seeds (ttris region octends
ttre 2.5uun length of ttre die). Ttre rnaterial has
been tlinrred to .25 micrron thicJmess (half ttre
original rec4rstallized ttricJarcss) usirg Wt.i$t

(c)

Fig.{: (a)SEM }ficrrc$raph of defect-etctred
recrystallized region. (blDetail of (a). (c)sAD
Coat€s-KiJcrchi pattern of detail area.
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etchll to enharpe nat€rial defects. Fig. 4 (b)

*rcnts a nagrified vierr of an Errea of Fig. 4 (a) .

rhe uraterial is free of arryr electrically-actrive
defects. frrrftrernrcre, lcnr-argrle grain bqrdaries
have not been esenrcd in this material. It is
possible that tbe absetre of ttpse defects'.

cqrurnnfy seen in slcff-s1can zorerecrlzstallized
rnaterials, is due to t}re sttort, tirle the si is
rclted at any ryecific point htrich Iilnits oxlgen

absortrtion frorr tlre surrcurdirg oxides. Fig. 4 (c)

sfrfiIs the Select€d Argle Diffi:action (SAD) pattern

of ttre areEr in rig. 4 (a) . rhe sirgle bright <L00>

Oates-Kilsrcfti pttern verifies that the sol tns

ttre sane cqptallire orientation as the bulk.

The rnaterial in Fig. 4 ms pretreated to L375K

in 3.5 secords, scanrred at 30 oq/s, ard cooled iJt

I se@rds. As og>ectea fron the tferrral
sirnrlationsl2, the pretreat teryemturc corld be

rnried +/- LOOC with little charge i:r ttre
resltant natenial, lxrt the wirdon of suitable
scan speeds vns abcnrt 5t. Obtainirg ttre critical
scan strned, ufrcre reltirg is lfunited to ttre SOI

film, is tlrerefore quite difficult. Ilt sanples

nfrc!€ the speed deviat& fron the cptimnr va1ue,

vafer waryirg can ooclrr. FUrftrernpre, pr$lens
with fihs freezirq to rpn-rrniform ttrid<ness,
layer delamineition, ard r:nacoeptable surface
m$rcss are rpted in sanples prcessed urder
rnrrq>timln oonditions. The recr1rsaflized filns
are also rrtably stressed. Ooca.sional sballcnr
rilples at rarrlcrn argles in the tql silioon,
sctrctines qcterniry serreral hurdred micons, have

been noted. An exarple of sucfr a ritrple,
protndirq 10-25 rmr, can be seen alorg tlre lcnrcr
area of tbe naterial in figure 4 (a) .

grmary

A hi*t pcrrrer density, rapid zore-reorystal.-
lization qgsteur usiry a prlsed xenon arc lanql has

been developed. SOI naterial prcdtrd frqn this
qgstem fns been fourd to be fnee of materials
defects ard suitable for 3d IC applications. Ihe
systsn fias potential for hi$ tnrqr$prt
erwirprments because of its single scan cperation
on nhole wafers withsrt the need for \racuun

qleration.

Ttris work was sptrnr{ed
Researctr Cortrnration.

by the Senriorductor

l-.I{,tcota, K., Intnt, C.E., arrt Fbey, J.F., ttTltetmal
Ptpfiles in Silicon{n-Insulator (SOI) l[aterial
necrystaUized with Scannirg tigtrt t ine Scf,roesrr,
Ercr$z BearFsolid Intercctions ard Eansielt
Ihermal PlpoessirEr L984, Biegelsen, D.K.,
Rozgonyi, G.A., ard Sharik, C.V., Ed.s, lilatgials
Resea:rch Societlz, V.35, 1985

2.Iam, H.W., Pinizotto, R.F., ttsilicorrOn-
Insulator by olqgen lrplantationrr, Jo. G1nst. Glp.
63 (554) Le83

3.Inai, K. ard InTro, H., IEIS (fuff Isolation tryz
Fonrs O<idized Siolioon) Tectrplogy ard its
Application to LSIrsrr, Trarls. El-ec. Dev. EIF3I
(2e7)Le84

4.Gat. A., Gerzlcerrg, L. , Gibbons, J.F., l4agee.
T.J.; Ferg, J., anl Horrg, J.D., rrCl{ Iaser Anneal
of FolyorystaUire Silicon: Aqrstalline Stnrctr,rre,
Electrical Hrcpertiesn, Atr)pl. Phys. Lett. gg(7751
L978

S.I(amins, T.I. ard Von Herzen, B.P., tldCSIlETrs in
Electron-Bean Reeystallized blleilioonrr, ELec.
Dev. Lett. Ef,)Ir2 (31-3) 1981

6.Fan, J.C.C., @is, l[.W., ard Tsaur, B.-Y.,
rrlater:al Epitaqf by Seeded Solidification for
crsrth of Sirgle-Orystaf Si Filns on fnstrlatorsrt,
Appl. Phys. Lett. 38(365)1-981-

T.Sugaha:a, K., Nistrim.lra, T., I$sunoki, S.,
Akasaka, Y., ard Nakata, H., nffiI'/ffiT/Brlk-Si
Ttiplelevel Stnrcture for Ttr:ree-Dinensional
Devicestt, ELec. Dev. Lett. EDIF?(L93)L986

8.B.D. (Nenn), ITSOI Filns by E-Bearr
neczystaUization of blysilicontr, Semic. Intl.
April L985 p. 34

9.Glasoe, G.N. ard Lebacorr, J.V., Rtlse
C;enerators, p.L88, l'ffiraw Hill 1948

l-O.hvis, J.R., l'ftMahon, R.A., ard Ahned, H.,
tr1lbctrniques for hducirq Defect-Fbee SOf h'y nra].
Etectrcn Bean lieatilq of Deposit€d Follnsilicontt,
Jo. de Phys. C5(337)3.983

LL.I'fright Jenkins, M., ItA Nenr Preferential Etcfi
for Defects in Silicon Arystalsrr, Jo. Electrrcc.
Soc. L24(757rL977

L2.I(rbota, K., Innrt, C.E., ard fbey, J.F.,
rrlhermal P:rofiles Dtriry Recrystallization of
Silicon on Ins.ulator with Scartnirg Incotrerent
Li$rt IirE Soursesrr, AIDI Hrys. Lett. 46(LL53)l-985

564


