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Abstract

Iho omitsion s pectrom moasmomontof the rapid thormal
procossing (RIP) hoating sowrce by Fommier Iramform Infrared
(FIIR) speciroscopy ¥ presonied. Ihe woxl has beon camied out
ontwo quark-tmghirhab gon lamp of OSRAM typo No. 64573
and No. 64743 at the difforont lamp wolages by Bomoem MB-154
FIIR spectromoetr from 0.7 um % 20 um. Fiom ow present
oxporimontal moasmement rezulk, it ¥ fowmul that the emission
spochm ¥ swporposod by threo spectral cmxwes bcakd m the
range of about 145 um, 49 pm aml 920 pm, wspectimly,
commespoxdling fo the omision from fthe tmghn filament the
warm gquariz glass tubo axnl the base. Increasing the wolage of the
lamp willincrease the tmghn filamont omperatme . It ako shows
thatthe rostuls are primcipally in good agroomont with the Plancks
dis tibution Jaw aml Wion's displacemont law. Iho spectral poal
oulput of those hwating sowmces, comesponding tmghn flament
fomporatmoes from abont2000K % 200K, rang from 19-2.5 um
(40005200 cm ')

Keyvords: rapil fhermal processing (RIP) lwating sowmoce,
omksion spectrum, Fowror Iramform Infrared
(FIIR)spectroscopy

1. Introduction

Rapid thoermal processing (RIP) withanincohoront hoating
sowco ¥ wod %o fabricak microoloctronic devices through varbw
processes. In RIP a wafor ¥ quiclly processed by the heating
somco with visibl aml/or nfrazed radiation from a lamp amay. If
the spectral absorptive propertios of the wafor b lwakd axe
comkfont with the omision spoctrum of the hoating sowce, the
rapid thormal processing willbe in good porformance officioncy.

Il iitial driving force for fhe dowlbpmont of RIP
wchnigie was primarily dw % the fact that at cbvakd

fomporatmes the short time processing foatme rosulk I the
supprossion ox roduction of a number of mlezirabl thormally
drivon plysical aml chomical offock (Singh 1988).
phowoffock from the hoating sowmces play a significant 1ol M
diffwion mochankm: aml i improving the qualily of the
processod wafoxr (Nooloet al, 1998; Singh ot al, 1991). Immam
(199¢) ako poinfod out that the radiaton mRIP & complicatd and
hoavily dopexds on the radiative propertios of matriak—tho
hoating somce aml the processed wafor. The difforent spectral
confonk of the hwatng somce can result i difforent plysical and
chomical phonomona on the illmimated wafor in RIP.

Tomporatmo wmiformily across fhe wafor dwing all
Processingcontintos % be a main obzfack fox full acceptance of
RIP mb manufactming. A change m spectral distribution of the
radiative propertios (the wafor ox the hoatmgsowrce ) a sowrce of
fomperatme mon-wmiformity for RIP syswms (Wong 1995).
Fathormore, optical pyromowr are probably the most widely
wod omporatme somor foxr RIP systoms (Roozeboom and Parolh,
1990; Sorxell ot al, 1994 ). Howower, it ¥ easily mirfored by the
loatingsowmeces. Wo shouldl minimine the optical m0ise reaching the
Pyromefr apertme aml maximie the frme wafor mporature
sighal To bo abb % proceed with fle simvulatibzs of RIP a
thorough mxlorstanding of the radiant omision spectrmm of the
hoatingsowco ¥ ossontialfox the dowelopmontof RIP systoms.

Fowicr tramform mfrared (FIIR) spectoscopy ¥ a
major amalytical wchniqmo thathas widely boon wod by chomi®
(Griffifls and Hasoth 198¢). FIIR has brought additiomal meris
suchas high somsitivity, high prociion qwiclmess of moasmoemeont
axd oxtomive data processing capability. Silla (1991 ) emplyed an
FIIR :poctromotoyr, alb wing him % moaswre high wmporature
mormal spectral emitance of silicon carbide based makmak
ranging from 1 um o 9 um ma singh rm Zhou ot al (1995)
roporiod the opi-film thiclmoss moaswoment wing emksion FIIR
spectroscopy. Ihey had succoessfully moaswmed opitaxial silicon
fim thiclnoss on heavily doped silicon substrak: by wing the
hoatd wafor as the infrared sowrce. Recomfly, Ravimlra ot al
(1998) stulied the tmperatme-dependent emissivity of
siicorrelated makriak and structares i RIP wing a specta
omksomotyr, which comitd of a FIIR :pectrometor dosigned
specially % facilitak simubameow moasmmemenk of swrface
spoctralomittance and emperature.

In this stuly, the FIIR moasmomeont of the omision
spoctrmm of the hoating somee foxr RIP syshom ¥ presomiod. Ihe
woxl has booncarriod outon two quarkz-tmgRirhal gon Jamps of
OSRAM atdifforont lamp vola gos wing Bomom Michokon sorios
MB-154 FIIR spociromeRx ranging from 0.7 um % 20 pm.

2. Expainental lnvestigation

In commorcial RIP systoms throo loating sowco types
aro commonly wod: he tmgn-hal gonlamp, the bngarc nmoble
gos dischargo lamp, and the continmow resktively hoawd bell jar.



Ik mamtay mRIP loatingsomees ¥ the tmghn-hab gon lamp
(Roozeboom, 1993). Ihe main advanfages of the tmgnhab gon
lamyp are ik high lifo price axd po werffilament ongth ratios, and ik
compact power mit. The OSRAM fmgwhirrhab pn bw whgp
(120V, 1000W) Jamp type No. 64573 and No. 64743 wore solochd
as fhe RIP lwating somce in om present oxperimental
MOAs TWOMONE .

Description of the experimentalapparatus

A Bomem Michokon serios MB-154 FIIR spectromefor
oquipped with a deukrahd triglycine sulfak (DIGS) dewctox
(0840 um) and a wide-band (0.7-20 um) ZnSo substrat beam
splitor was wod ¥ colloct the omizion Fig. 1 shows the gomoral
arrangomont of tho msfrumont wed in the present study. Ihe
spoctromoRr ¥ a solf-conhinod wmit comkting of o samph
comparmeont and a seakd mmmrforomew:r comparmmoent. The
samplb comparimontk encbsod na purge cower provided with an
accoss door. Tho wholo syshom comtaiiy a stabilized informal Light
somco, a Michokon mbrforomewr, an mfrared-fransmitting beam
splitior, a Holimn-Noon lasex for measmomontof the scan position,
powor supplios amd eloctromic assomblios. Ihoy are mrfaced with
a compuhr for data acquiition of the moasmod omiszion Ihe cast
alminmm compartmoentk sealod o provont the ontry of dwtaml
moit alr, which coukl exode the beam splitor. It ¥ moted that
Bomoem MB-154 spectromewr ¥ a singh substrak
solf-compomsating boam splitkr amd a pormanont alignment
rforomewr. Besides of the imormal light sowmce, there & an
optional emiksion port for the oxtormal light somce on Bomem
MB-154 FIIR syshom. Iiswad of spatially soparating the optical
froqmoncios, the FIIR spectromotor modulak; all wavelongths
simubancowly with ditmct modulation frequoncies for each
wawlngth
Experimentalprocedure

When:fartingatroom omporatme, the specirometor woukl
nood about an howr o allow ik omporatme % stabilme. Watx
vapox and carbondioxide coukl bo pmxged from the optical path of
spoctromotor by a flowof dry mitro gon. Ihe pmrge flow shoukd be
swifchod on at bast 15 minuk: prior %o the staxt of spectroscopic
worl, ata fbwrak of 15 lis/minuk for the sampl compartmont
and 25 hioxs/minake for the imkrforomefr compartmont. Whon
moasing omksion spectroscopy for the lamps by the omission
port on Bomom MB-154 FIIR systom, the mmbmal light somce
mwt be swichod off and thore was m wafor i the sampl
comparmeont. An imtrumont calibration swp ¥ required. Iho
omision spoctrum of a omperatme-calibrakd blackbody shoukl
fitly % 10coxded. Thon by comparing the recorded emiszion
spoctrm of the blaclbody % the theoretical emision spectrmm of
a blackbody at the same wmperatms, fhe imstrumeont respomse
fuction can thrs be evalmated.

For tho high filamont omporatme of RIP hoating sowmoco,
we sokcid a MIKRON M330 Blaclbody Calibration Sowce
(800-3000°C) as om wmperatmoe-calibratd blackbody. Ik
fompoeratme was chocled by both Infraved thormometwr OS3709
and K-type thormocoupl from 900°C % 1100°C at owry 50°C.
Dwing the experimental moasmement, the blaclbody was placed
cbso % the FIIR spoctromotor so that the blackbedy was noxt %
the window of the emision port on the FIIR spectromefor. Thus,
the omiksion from the blackbody conkl arrive at the mkrforometor
afiorashortfravolaml could bo collbciod over a laxgo solidl angh
o maximime the sigmalwo-moke ratb. Ilw difance botweon the
omission port and the blackbody ¥ about 5 cm, and thore i mo
optics Tbotwoon thom. The omksion spectra of om
wmperatme-calibratwd blackbedy at 1100K, 1200K and 1300K
wexo collbchd witha ¢ cm™' resolution and by spectal averaging
of 20 scam ranging from 0.7-20 um. Subsoquonfly, the omission
spocira from the Jamyx at30, 50 axd 70 Vol woxe ako colbchod on
the same oxporimental coxndition Ittoolaboutl mint acquire one
sampl spoctrmm with the Bomom MB-154 FIIR :pectrometor.
Smubamowly, the lamp wmperatmes were meoaswmed with
Infrared fhormomeotr O$3709. Once fle moasmemenk was

complhd, the lamp was swikhed off and fhe omision was
mmediately measwmoed again witha 4 cm™' 1esolution but spectral
awraging of only omo scan o mwostigat the baclhgrowmxl ox the
othor radiation.

3. RESULTS AND DISCUSSION

Iabl 1 shows tho xesuls of clwcling the blackboedy
fomporatme (MIKRON M330 Blackbody Calibration Sowrce ) from
900°C % 1100°C by both Infrazed thermomewr OS3709 and
K-type thormocowpl at ewry 50°C. Il difforonces, between
M330 Blaclbody softing omporatme and omporature moasmmed
by Infrared thermometw:r OS3709 amd K-type thermocowpl,
range from 04-55°C amd 5-7°C, mspectively. Iho greatst
difforonce betwoonseting omporature and moeastwed o mporature
¥ Joss than0.759%;.

Sinco the wawlbngth ¥ froquently ompbyed for swface
omksionand absorption, the omision spectrmm figmos in presont
paperare pbtiod in wawlongthscalo. Fige.2(a) and 2(b) show the
moasmed omiksion spectra of fho fomporatme-calibrakd
blaclbody at 1100K, 1200K aml 1300K for fthe mwtrumeont
oncloswre withoutamd with nitro gon gas pmge, espectiwly, dwing
oxporimonk . Itcanboe soon comparing Fig. 2(a) with Fig. 2(b), that
the rospomse (omiksive powoer) without nitro on gas pwrge at the
abzorption bawds of wakz vapor (H,O, arowmxl 138, 187 2.7 and
€3 pm)amd carbondioxide (CO,, aromxd 20,27, 43 and 15 um)
aro roduced. The moasmomentresulls axe M good agrooment with
the exporimental worlks of Edwaxds (197¢) axd Modak (1979) on
tho offoct of the H,O and CO, absorption foatmoes in the spectra,
shownin Iabk 2. It ¥ ako fowmxl m Fig. 2(a) ox Fig. 2(b) that the
peal valwo of 1100K cwrwo & arowml 4.64 um i wawlongth scal
(2156 o™ in wavenmmberscal ). This & obvbwly 1ot comiont
with the Wion's diplacoment aw I it cwhmary form
N 2w I=2898 pum-K. It ¥ becawe that the exporimental
moasmoment owtput data are i the scalk of wawenmmber fox
Bomoen software—GRAMSS2. Fiom the fuxlamontal Plancks
dis tribution Jaw, the spectral blackbody omissive power distribution
for a black smface bomnded by a tramparent medimm with
wfractive index 71 can b oxpressod can bo expressed in both
wawelngthand wavenmmberscal as (Bramson 19¢8)

C
E(T.A)= m
G
EM(T, 77)=—hE T 1

wiot ¢ =27jct ad € =fc, k- K =13806407 TK i

@)
2)

Bolzmann's constant h, =6.626x107* Tz % Planck: comtant and
C, ® fho spoed of lightin vacwn. Fy. (2) may bo ransformoed m
wawelongthscalo withsubstitutimg 77 by 1/4 as

. _ G )
EM(TJ)—W
The fhooretical omission spoctra of a blackbody at1100K, 1200K
axl 1300K dexived by Fq. (3) with 72 =1 are showm in Fig. 2(c).
Incomparkon with Fig. 2(b), the oxperimental moasmement data
of tho blackbody are gmorally comitnt with fhe thooretical
Planc )¢ distributionlaw dospite that tho rosponses of Fig. 2(b) atthe
range of 1420 um hawe somowhat diffoxonces. IThe experiment
data still :how a small poal meaxr 15 pum duw o the absorption
foature 0o£CO,.
To fidd the position of the maximwm of Fq.(1)and Fq.(2)
from the Wion's diplacomont Jaw in both wawlbngth and
waventmberscab, thoy canbe oxprossed as

n A, T=2898 umK *+)

(3)

aml

N, /0T =1961 ¢m /K. )
As montionod abowe, Fq. (9) ¥ Imowm as. Thw, if =1, wo can
obtain from Fq. (10) that 1, =2157 cm™' (4.43 pum), 2353 cm
(#25 um)and 2550 cm™' (392 um)at I=1100K, 1200K and 1300



K mspectimly. Comparing the abowe theoretical data with the
moasmred spoctral poal value position m Fig. 2(b), trewak thatthe
oxperimontal moasmomonts are ake i god agreemont with the
Win's dkplacement law. Ow experimenk by the presont
D troment canbe in good porformance onmeoaswring the emiszion
spoctrim of the emitting matriak.

Iho sysom oufput (omissive power) data of owr present
moasmrihg oxperiment are relative mitIn oxdor o calulak the
abzoluio it of thoso Tospomses, the imstrumont respomo fimction
mwthe ovaluakd by comparing Fig. 2(b)—the 10c0xded emission
spoctrtm  of om kmporatme-calibratwd blackbedy with Fig.
2(c)—the fhooretical emission spectrvm of a blackbody at the
same fomperatme. Fig. 3 shows the imstrumeont respomse fumction
(IRF) of om prosemt oxperimental moasmement. Ihe IRF i
approximatkly a comtantaml roasonably good in the range 1.5-14
pm. As montioned abowe, the data ake hawe some small peals at
the absorption bamd: of H,O amd CO, and flore are some
maccophd oxroxs inthe range of 1420 um.

Fg. 4(a) and 5(a) show the omiksion spectra of two
quark-tmghirhab gonlamyp No. 64573 and No. ¢4743 at 30, 50
and 70 Vol respectively, moaswred in the imstrumont onclostmoes
with nitro gon gas purge . Itk fomul that thoso emision spectra axe
suporposed by fhreo cmrwes boatwd in the ranges of about 145
um, 4-9 um aml 920 um, respectively. The emission spoctrom
probably comk# with the omision from three difforent emited
matriak. Incroasing tho voltage of the lamp Mmcroases the sysom
ouput (emksive powor) aml shift the poal valme position % the
short wawolongth ro gime . Figs. 4(b) and 5(b) show the emission
spoctra of the Jamp immodiakly afer it was swilchod off. The
spoctral cmrwo with highost poal in oither Fig. 4(a) ox 5(a)
disappears. Whik, thore still exist the othox fwo omission spectral
cmws boakd at about 49 pum and 920 um. The omision
spochrm  from fhe lamp tmghn flamont shoukl bo e

rospoxsibility for the cmrwe with the highostpealiinFig. 4(a)ox 5(a).

Omno of two omksionspectralcmves meithor Fig. 4(b) ox Fig. 5(b)
has somo small poals avowl ¢ pm. According % the radiative
propextios of Si0,, theso bands wore boliowed % bo cawoed by the
quarizonvolbpe abzorption Ihe :pectral cwrwe bcakd at4-9 um
shoull bo commespondling ® the omission from the wamm quark
glass tube. Il omiksion from the rost partof the whol lamp set
(the baso part) shoukl bo respomsibl for fhe othor spectral cmwe
boawd inthe range 9-20 pum.

Fig4(a)subhraciod by Fig. 4(b) anmd Fig. 5(a) subtracted by
Fig. 5(b) axe, s pectimly, pothd i Fig. 4(¢) and Fig. 5(¢). Ihoy
are the omission from fhe sobly tmgwn filamont of the lamjs at
the different voltagoe of30, 50 and 70 Volr. The moaswred data of
thoe poal valmoe position fox No. (4573 lamp atdifforont volia gos axe
24 pm (4160 cm'), 215 pm (4650 cm™') and 201 um (4975
cm™'), and those fox No. 64743 lamp aze 2.5 um (4000 cm™'), 233
pm (4290 cm') and 217 pm (4610 cm™'), respectively. At the
difforontlamp volago 0£30, 50 amd 70 Vol the emision spoctra
ranging from 145 um hawve the peal valw position arowsd 225
pm. Although the tmgwn filament & mta porfoctly blackbody,
butin the short wave ro gion itk stilla bothr omithr. Ihoy may be
ostimatwd by Fq. (5) that fle comesponding tmgwn filament
fomporatmes rang from 2000K % 2¢00K. Iho simubamsow
moaswred filamont wmperatmes by Infrazed fhermomotox
083709 fox No. ¢é4573 lamp are 2179K, 248¢K and 2¢5¢K, and
thoso foxr No. ¢4743 lamp are 2138K, 23 43K and 2524K at 30, 50
and 70 Voot respoctively. Comparing thoze estimatd fomporatues
with those moasmed wmperatme:, it rewak that fhey am
principally M good a groomont with the Planc¥'s dis tribution Jaw and
Wien's displacomentlaw. Increasing the Jamp volia go willincroase
the lamp tmghn famont pmperatme and the syshm output
(omisive powor) and shift tho highost peal vale pozition o the
shoxrt wavobongth o gimo . Tho spectralpoaliowtputof theso heating
somces Tange from 1925 um (40005200 cm'). Cowpling with
the I trumontresponse functionof Fig. 3, the fofal omisive powoer
of tho lamp mabsoluk wmit can be calulatd by ik gration from
the finike wavelongth band on the emision spectrum.

4. Concusion

Iho omisibonspectrim moasmomentof the rapid thormal
processing (RIP) loating somce by Fowrior Iramform Imfrared
(FIIR) spoctroscopy ¥ prosonid. Tho work has boon camied out
ontwo quartE-tmgon-hab gon lamps of OSRAM type No. ¢4573
axd No. 64743 atthoe difforentlamp volagos of 30, 50, amd 70 volt
by Bomoem MB-154 FIIR spectrometor ranging from 0.7 um o 20
um. Fiom owr presont experimental moaswmement resulk, it i
fomxl that the omision spectrom ¥ superposed by throe spectral
cmwos boatwd inthe range of about 145 um, 49 yum aml 920
Um, 1espectively, correspoxding o the omision from the tmgon
filamont, fho warm quarts glass fube and tho base part. Incroasing
fhe lamp wvobag wil mcreaze fhe lamp tmghn filamont
fomporatme and the sysfom owiput (emisive power) and shift the
highostpoal valuo position o the shortwawelongth ro gime. It ako
shows that tho rosulk are principally in good agrooment with the
Plancls distributonlaw and Wien's diplacomoentlaw:. Ihe spectral
poal output of those loating sowrces, corespomling tmgfon
filamoent omporatures from about 2000K % 2600K, rang from
1925 um (40005200 cm™').
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Tabbk 1 MIKRON M330 Blaclbody fomperatme clhecled by
Infrared thermometx 083709 axd K-type thermocowpl
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Fig.1: Schomatic diagram of FI-IR apparatus.
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Fg. 5: TFmksion spectra of ORSAM No. 4743
quarkE-tmghnr-hab gon lamp: (a) whol lamp sof (b)
afior s witching off lamp; (¢ ) the fmgon filameont.



