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Studies on materials, plasma etchings and properties of high T% embedded layers,
shifter only layers, extreme uv reflective mask's absorbers and buffers
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Studies on optical, physical, chemical and plasma
etching properties of high transmittance embedded layer
(T>30 %) and its application on the embedded attenuated
PSM (EAPSM).

1. Bwirosdoeiien

According o the Semiconductor Tndusiry  Associaiion
(5040 Hthography roadmap, 0,13 and 001 geen echnology yen-
eration 5 expected to be achieved in 2002 and 2005, re-
spectively. An angon Aueride {ArF) esposure line, com-
bimexd with aenusicd phase-shifting musk (ALPSM) and ofl-
axis lluimination, would cnable optical Hihogrphy for the
manufocture of LS1 deviees below the (013 pom design mule
Hinwever, the higher iremsminanee of the embedded ver in
APSA with elear e provides better conmrase of secial fin-
ames and @ process window Do contoct hodes.™ Thenelore,
ArF sith the high-transmittonce APSM might extend optical
lithegraphy to the 0.1 or even 0,07 jam design rule

The opiical propertics of e embedded Fayver govern
whether @t can be applied (o enhance the resolution of pae-
tems, Hiwever, inosder 1o provide efficient productivity, em-
bedded materials alsoomust hove pood chemical stahility, in-
cluding cleaning, cxposiore and ooy ironment durahility, Al-
tlraigh many embedded moterials for the AnPSM Mok in
193 nm lithography have been developed,” "' the method of
achieving the chemical stability of the embedded liver has
nol Been well stdied. We repont a novel method of achibeyv-
img the chemical siability of cmbedded masterinls. The corre-
lntion between chemicnl compositions and spultering condi-
tions is stucled 1o achieve the chemical stability of the em-
bedded Eryver. The bi lover A5 0, embedded bayer presents
oo chemical stabilin, Including cleaning and eny ironmieni
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durability, Using o Heliown wave eicher aid Taguchi ssethod-
olagy for the design of the cxperiment. a 0.2 jom etched pat-
e foe AUPSM in 193 nm lithegraply usisg AISL O, oy an
vt belded layer I \u;,:l.:l.:ulil"_'l. [abricated,

This paper also reponted the application of o simulstion of
hegh-transmitionge (T = 15%) AUPSM with dork tone for
0.0 pom eontact hole patierns. The resolution of the contact

paiitern incressed with mereasing trumsamitiance of AnPSM,
Haowvever, if the transmittance of ARPSM s 1o linge, o side-
laihe pattiern will e generated. Here, a special desizn of the
miksk, in which the side Bbe for high-trmmsmittance AnFSh
i avolded, will be sudied.

2 Espeertimend

AMSECY, films were formed inte be bil Layer emibedded
msertnl on fused silicn subsirsies. 3 l.afu:r AlsL 0 filims
were formed by plasma sputtering of Al (90-210 W) and Si
M- W under Ar RG seem) aned O3 (00533 sece) us-
img an lon Tech Merovac 4300 spubtering system. Transmit-
fance %% wnd reflectance 8% were determined wsing o Shi-
mucli LV-2501PC dowble-beam UV-VIS spectrometer. The
R-T method™ was used to determioe »oasd & o AISi 0,
films, The thicknesses of A5, 01, films and substrate [used
silica i)y were measwred wsing o Dekiak M350 surfoce pro-
fiberngter and o Hitachi S-400 figld emission-scanning elec-
iron microscope (FE-SEMY. The stomic mtio of ihin films
was mensired with o Jeol DX A-BROUM EPMA, Fhysical Elee-
irenics PHI LD ESCA with n My K stasdard source ander
oscan o 0.2 ¢% was used o onaldyvee the chemical ¢compusi-
tioms of thin films, Cross sectional profiles of patiemns of the
resisl ol ermbedded loyer wens taken usimg o Hitachi =400
FLE=SERM.

Ihe patterming of resdst on e AISE O film was caried
ol ysing o Letca ERML-300 g-bewm exposure svsient, An
Anelva ILE=1 100 helicon wave cicher was eosployed 1o sndy
the etching sebectivity amd 83 [bricae e patlemms on the
Al%i 0, embeddad layer,

e applicotion of high-trarsmitance AEPSM vwas simu-
lated with lithography software Proith Ver 7.00 {Finelh The
aapusine conditicns in 193 nm lithography svere three MAs,
ALES, it and 0063, quadrupole illumination, resist thickness
al 0 pm wmd 500N, BARD thickmeess of 0,055 gem,



Drark- ol ebear-tore masks with high-trnnsmittance AnPSM
were used 1o stidy the effect of iransinbtamee on the o
1o o sl lobes,

X Resulis wme Discussim

A0 Clfeariewd stabiliny of eovbedifea morterdod

Moss embalded muoenals s be oomed by sputiering.
Liswally, by comirolling tse sputiering condithons. suitable op-
il properties ke 248 or 195 nm o wavelengih could be ob:
tinesd. Hoawveser, there 15 oo clear rule Tor forming embed-
dexd material with goswd chemical stability and oprical proper-
fies simultongousty, Thus, a methed of achieving gocd chem-
leal stalsilicy ol embedded material i very Important, Here, a
novel method of achieving chemical stability has beoon sud-
ied, If the comelation among spuitenng condiumns, chemi-
cal compositions and ophical propedies of embedded materal
coild be clarificd. on embedded materiol with good chemicnl
stability would be easiby penerated

Ihe cmbedded layer, A5 0O, could be ordinarily Formed
by @ combination of SEE g AlOy of ransparent chem-
tcal compositions, amd 51 and Al of absorbing elemenis, os
shiwwn m Fig, 1. 10 the sputenms comdition s conmtrolled well,

i, &, T end % of AISILO, flms are Kept in the range of

high transmiitanee { 7 = | 5-35%), enabling A5 0
be used o oan embedded materinl. The M 15%, 35% and
A% 3% MM curves dre caleulated by the 8-1 method
under phase shifting of TR0 degrees, The critical spuflering
paramebers are Al rgel power and 05 How rale. The mtes
of AliDy (AL 2p, T5.6eV) and 5i0: (50 2p 102.9¢V for-
muation incressed while those of AL AL 2p, T30 eV and 53
(50 2, 992 et b Formuation decncased with increasing O flow
rale, as shosen i Fize 20 10 was assumeed hat the silicon and
alummum pfims become lmked 10 mone oxygen oloms with
increasimg oxygen contend. Compared fo Al and 51 comprsie
tiens, AlzOh and Sk hove lower & amid higher o1, as shown
in Fig, 1, When the oxide strsciure incressed wiik incrensing
alomie percentage of oxygen, & ol A5 0, appeared 10 -
crease whike & appeared o deercise In 193 nan Helographiy,
as shiven m Fig, 2 The Al and %1 composiltions nearly dis-
appeared ot an O Mow rote of about 2.2 seem. oral satuaration
of the AdaOh amed 500 formunions was observed, ns shown in
Fig. 2. The comelation betwesn Al arget posver amd chemical
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cumpositins B oalso shoswn in Fig 4 for A TOG-200 W, 5§
TO W, Ar b seem and 01y |6 scem, When the Al larpet power
incresssed, the optical properties of Al54, 0, shifted 10 prop=
arties af film with high Al contem. Thersfere, & of this film
decrensed and & increased in 193 nm lithography, as shown in
Fia. 5.
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The correlaticn between chemical compesition and optical
properties of AR O, exhibics one clear treml. The AISI Oy
filen swith sstratiod of Al and SH0 [rmesibon o be poe-
digted 10 have geod chemical stability. Howewer, this film
which has & simabler than (0.1, & (o0 rsnspanait o be used os
e s 15% - 35% embsedded mprerial in 193 nm lithography
When the AISL A, film hos suitnble ransmigmnce, it eongains
Al and %i compositions and may ot have sufficient chemical
suibilicy, Therefore, o bi laver envbedded material B amoghey
apliom,

A2 B lver ANSLEY, embudiled manerin foe ARPSM iR
FE S arw itheigragn

ERE Loy er AlSIL O, embedded maserial §s o combination of a
iransparent byver (b laver) and an absorptive lnver (hottiem
lwer) as shosvn im Fig, | The iramsparent bnver with sagu-
ratiom o AlCky and SHF: compositions exhibits p ol 2,324
aned & of b |k 2 This lesver was predicied do hove good chem-
ical simhility and sulficiend resistance b clesnimg, expossne
mnid envirenment. The absorptive l.::...-r with higher Al snd %i
exhibitg i of 13- LT and & of 0,304, The Al and 51 compo-
sitivns were nit oxidiesd completedy, 11 might not have good
stability, bt coubkl absork the miensity of 193 m wavelength
miderutely and provide a suilahbe T = 15 35% hi layer
AISEL O film

The cleaning durnhility of the tmnsparent and absorprive
lowvers of A15i, 00 film are shown in Figs, 6 and 7, respec-
tively. Aller SC-1 cleaning. the %i and Al peaks of the abaorp.
tive laver with higher Siamd Al compositions disappeamed.
this, the optical properies of AlsLO, chunged. However,
the ESCA specira of the ranspanent lover svere nol changed.
The ransparent laver bas geod chenvical seabifivy. Although
the tramsparent laver with saturated AlC)y amd 56F: has bet.
ter chembeal stabiliy, %0 o~ B0 was woo high asd wnsill-
abde fior ARPSM. Therelore, 1w ARSI O, Cormpiients, Lrns-
parent and absorpive kayvers, were well combised io sanisfy

thi dertiaids of ldgh tansmitance snd diemieal stabdlie of

the cmibedded kayver in 1903 nm lithegraphs, The top and bot-
toin bayer telchnesaes ane adpistad w satisly the reguired Fe
phase angle and chemical stability of the bi loyer A5 G5,
cibgdded material simultasceisly. The thickness of the top
lwer i mear 55 nm and thit o che bottom lever is near 30nm

m g
} 4| 2p ESCA Specira
AlO
i
! Al
=
E A = = i
B4g  HOS 7TO RS TOO BRS
Binding Energy {2V
il =
1 512p ESCA Spectra
AR iy
E Uncleaned i
u [
- Feak Heighi=(.
E 2-1 Cleanin
1120 1983 1050 1015 980 943
Bimding Energy (V)

Fig ®  FROA specir slimoing 1he @i of 501 Jeaning on e chomagal
cinroduisiliinn il man st Loy er of - lover AP O il

[EH] =
g Al 2p ESCA Spectra
E‘
g
LLEY) 505 e T15 oo &5
Binding Energy 1eV)
ithi

3i 2p ESCA Specim
Pask Highi=0 97 oy

rsemmity {Cianis per Second)

ibEG  jEEE  §035 (OIS BRD G4S
Binding Energy (V)

Fig 7 ERCA spoctin aliineing the efTo of 501 cheibig o B ciosinsil

cinmgaral il o pbaorpiive aver ol b lver A dSn, 4k films

A3 Nerudtiorn of ol-tummsiioncs QiPSM foe 0L jeai
CERMEICT PRTCT

With the suitable icrease of the transmitanee of AUFSM,
it resolutien and contrast of the serial image of o comace-
hale pattern seould increase. However, the rsk of the generas
o anl’ @ side-lobe paitern is alse mused. Whn the Liyoul of
the A gim piteh 01 5 150 and isedaled comact pattern is de-
signed a5 a clear-tome mask, the miensaty of the side lihe in-
crenses with inereasing transmittance of AnPSM, as shown in
Fig. & in 193 nm liahaogrupha, By s supposed as the inteénsity
of the large blank area. /s imensine of paiem orea. 'When
the runsmicince of AnPSM is 3%, the side-lobe innensity
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15 viery Dy, Howewer, the comtrast of the aerial image of ithe
0.0 g oomast patbern 85 oo o ol this 5%, When the loyv-
o okl phee L] gom paech 0 2 1S F sl Bolared comaet putiem
is designed ns g dork-tone mask. the resolution of the serinl
image inerense with inereasing e o A0S, as shown in
Fig., 9. Even, when the tmnsmittonce of AnPSM s 43%, the
side kb intemsiny is oo longer generabed, Becouse the comact
paltern B small, the mtemsaiy of the electric field amplitide
of the contact pattem, penernbed by high tramsmittnnee, could
be compensabed by the intensity of the clear paitermn, near the
el of comtngt, Hosveser, i the contnct pattern is designesd s
a durk=tone mask, o megative resst is necessany. The combina
i ol dark-tone mosk. high-trarsminansce ARPSY and neg-
v resisl could provide betler conbrast of the aemal image
anid resolution of the 0,0 jom conlact-hole pattern in 193 nm
llmyzraphy.

A4 Ervhed paners af ARSL ), el favi

Alihoueh the compositions of wop and botom lnyers of
bi lover A&, O embedded bayer were differem, the mixed
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gases of 0y + BCHClL could etch thas bi loyer maiereal.
Uhnly one oprimieed recipe could cover it under s lagzuchi
|I|L'I||HJI'|-Ig:= i+ l."-.|k'|i|1|-.'||1 Chissagn, M, (n omder W piis-
wide hetter elching selecimvity of AN, ever chemicalls
nmplificd resisg MER-22 and fused silicn, rve differens recipes
tir iy ermbedded Fsver would be betier. In oddasen, the fnb-
rncation of the AdSi O, embedded laver shild be comied
ol usingg vwen differem erching sseps. The 0,1 3-pem-line s page
(14 WEB-22 resist profile on the A5, O, embedded liver.
eapimed by the Leica e<beam system, had gond resedution. as
shiawn in Fig. 0ok Mo Tooting was evident at the boltom
ol the sl patbam. This neatly veriseal prolile s ransberred
1o the embedded laver A O 20=gem=lie space (1 @ 1) elched
pagvern ol the AlSEL O, emdhedded I;|:.x~:'_ us illusirated in Fip
1ih ), wars dabricated suecesstully
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4. Comchusbens
AlSi, O, thin Alms hove been developed ns o new high-

tramamiminee bl biyer embodded material for AnPSM o s
193 nm. The siudy of the comrelaison nmong '\1|'|1II||,'|'iI'|:_| CEH-

dinnis, chemheal |,'I'II|;'hhi|i|'l'l-| Al |-:|'|||.;.|| PrOpsTTies coniikd
fead we the chemical siahility of AISEO, embedded mme-
rial, A T Z0-jom-hine space £ 1k eiched patiermn «f the
ki laver Ad5s 0, embedded materiod was ako sucoessfully
Enhricancd Nocondang o shmilathon ||".|_-||_'|.i||||_'"|-_ the side-
lobe imlemsity was not generated with the design of high-
prarsmictanee AESM oand dark-tone for a1 1 Jéim Ganinet-
hole pattem. Combination of ke dark-tone mask, high-
irarsmianss A PsM and |||_-;;.||i'. ¢ resisl coulld provigle be-
ter contrast iof the acrinl image and resolution of @ 0.0 jom
corrget-Foke puicern in 195 pm livhoaraphs
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