Spin-on-glass thin films prepared from a novel polysilsesquioxane by
thermal and ultraviolet-irradiation methods

ELSEVIER s

Qi Pan’, Gabrila B. Gonzalez”, Russell 1. Composto™*, William E. Wallace”, Barry Arkles,
igge’, Donald H. Berry’

i P4 901 1S
Pt Do, Moo B o St o, G, D 99 USA

Absrsct
s smesing ¢ S0,
ES5Q fims. il 555 ot e 0 min For e o
cionsof e
“The BCESSQ resciity et nte o ofchiorin ¢ 00°C. A S, the ety 138 gl o 1% of termaly.grows
i
SA Al ighs e

Koo Dk e Ruhetond bbcoermg ey Sion e

1 Introducton vapor deposition or spin-on costing tchaiques. The vapor

matrals for_ullarge scle

cpmin
mun men-m applcaions have been exiensvely

o mers. like_polyctafloroethylene.
Chrcmel 0w 4l omne (5. 1.3 G
.o ooty s ck e b and
reep properies required for  microclctronc
lwucmmvul
e, e o on silon oide il
e e i o hmee
. Tyl o id i

g ilcon i oxygn o s & high
tion properies (2] Dileic lms re mainly prepared by temperatures, ca. 1000°C. Because of theie qualiy and
extensive histoy. the properies of thermal ilicon oxide

JR— i portantbenchimar [ e
+Camepondn - Selected haracterstics incle 3 dieectic consiant of

[t P—

OO . ot s © 199 Eheer S5 A AL g s
P 0010 60909001740



= 4 refraciveindex of 146260546 . Pt re of
20 A and a densityof 12 e’ 151, Becane of Mm

mass o ccurs predomimanily during . the mate.
ia i viscuelastic polymer of krsic molecular s
There. remoned and

ol s bl e vk in

soids e Hled. During he second sage. 3 comdenstion

ore e
e . e o o e

High processing temperture is ol & significant improve-
e e e hemal i ot

501 r v il o i

e
(PSSQ) i extremely stale nd does ot begin 0 e miss
il $25°C in i (3]
Inhis e v i 1 ol he conersion of 4
iymer ety

i void free a0 000, and the ormoul/
Subsirte ineface s contimos.

2 Experimental procedures

21, Maerias

wis ooyl hesqionne
BCESS0) ot e e 1 o s

(BSCESSG). i  dkon onide i ey n s e
subtat. Asshown by compositional analysis.these oxide
fims s more acurely cued ot o il

lcalar compo-

bl
il o T o e o ke s
hereas the cage-like melcules form dimers. imers and
e e oo e s (-
“The mass

modified s (10,
Sl of g o3 g maeril. The BCESKQ

occurs . ther-
mal cleavage of BCE results n the clmintion of ethyene
and he migaton ofthe 5chlrine o slicon. Altough the

e relative molecular mass and the numbr aversge
40 i 4 . e

omatography
i Cang 8 NV s
ol SI-OH, comcnrton. the
composition. s nominally(CICHJSIO,J2(CIC.H,)
SIOOH]



20001

et 200 40TC. St TOA sy
mety amlysis showed evidence of 26 and 35 u spec
ning o st 150 and 00°.rspctvely. A dussd

3

Counts
H

Chancel

1 Rt sy OV e
e o BEESS ST 1 The et o i

e i e g o he <o o e stion,
a hydrolysis reation produces. hydrogen

.mmm: ing 3 cosJnted S, A 150 e
mass los stopped lea 555 of the miial

X5 T v b v e e et s s

wersion of BCE (0 slcs,

o srnel TGA expeimens o 00, he BCESSQ
e onically with tme uni resching 62%

41 AL, the mass

aving sbout

e il e afer
ower value, S5, after nly | h.

S reached 3

23 Thin im preparaton

ESSQ flms were spin coned from a diglme
solution. onto slcon (100) wafer. The waters
e i laced in 3 Uzl for 10 min 0
remmove ongankc contaminans. Then plced

o

i fo 1 i o vt
v slicon oxide layer. The iicon was then rised with

iso camied
ectic comtant merias
o by Ald St T A 70+ i on
e s supplied 35  soltion of polysoxane wnd 1

“ gl

ng.
BCESSOQ il were spincouted at sin specd of 2001/
min for 60 5. To panly remove sovent, these flms were

e A i v e n g s rom

Clipometic thicknesies of 20 10 700 . specively.
Knesss agtee with vales detcr

2010 275°C in about 10 min and then ramped from 275 10 were prepared. These hi
H00Cin 4 i Al comerian.he Accpn ﬁhn ik e by protloney

in color with ol BCESSQ flms
sl 3111 was pertommed with # Jelight Model 42 UVO-Cleaner®

Piron s sl ¢ s st of
sopropa

o 11 g “This i was pink with  thicknes of
Maom

2.2 Blk thermal analysis

o this sction,

(Corin, commeral, ot e e 0" ety

adequacly the experinentl proe o way
inphes et o scmentan By MST) The
cudiation s produced by o highinensiy low-presure
mercury vapor ridlamp, whichproducesinense UV rudi-

i
ion at 1849, 2537, und 2621 nm. Expoue time wis
vared rom 10 10,90 min.

e summaried 112) Tremogrimett anyss TOA)
at  hesting ate of 10°C /min n i showed that BCESSQ
mass loss begins sowly at 150°C, and then more rapdly

it of et o i conorio e 4 i s

ot i oy (K88 wd
o el ey (FRES er d o i

Temar (€1 A o (1 51 Ao o €1 001k A i (3 1 o o 14 v bt 8 1
g 00 TR mn o
s w0 I “ i
o o LR i e
m i 0w w
s o B » »

Caotd o (DCEIS0, (BCESKOON) (13



Energy (uel)

mw&if;”
T

g stcon back-
ied by

and carbon signals e superimposed
rund Sgna, The sikon o) rom the m .
the sien s sl The yoen

For RS analyis of 3 sample contining lght soms in
heavy stom matsx. the snsiviy depends o the counting.

Tight tom signal an erorsasociaed with background

Cronnet subiaction [17] For exampl. the O signal n Fig. |

2. Rt ey MVt Soerinposedan e sicon Bckgrond. For Raerford
s s o el . i 1. D e cnedaion<catterng from C. O and 1 in S10., the detction limis
o 1o 30 P s g

el 18, ot s s s do o e e bk

"As shown in Fig. 3. he FRES.

G i, 0, C and CI and gh (. Hystomic st only i e g o For 20 4C of

he beavy G
onenuons.Tedels o DS 11130 amd P (16
Have e resencd.Fi. | shows the 20 MeV.

and 10% eximated standand uncertinty.

megred charge
50, n ot 208

he toal sensitvity for hydrogen

41 400°C for 4 deposited on silcon To ncrease the path
length of He” in the fim. the
normal. The

espect 1o

‘i s e 095 M. Fom the mesard

“The clementl uncerinies were deter

b dama duig sy Th demge was s
by the meods elow.

Energy (Ve

wing the Known crosscctions (18,30) The sfid fne in
Fig | comesponds 10 1 RUMP®

e comporionond T
ptdetcie i | msgnal s o

o et o o socemronsnd s g
One objecive of his sudy i to meitor the BCESSQ

hin im composiion. inclding C and .o a unction of
e, me. UV expo-

RS

proceing condiions .. empe
"

observed near 1.2 4nd 0 MV, respectively. Boh oxygen

3

Chomel
3 vl oo e 20 o s
e e T e S S



Normalzed Thickaess

e then aied 0 proie 3 10 C dse. Ths mebod

from o g i cakolate Al deniies,To e

© il
0 S0 100150 20 250 %0 30 0 e el ey (19
i i gy s xamined bl
o o oo menwcopy SEMD i
Fet e o 10 201 mgngely o
oo of s e 9. T il k08 ol SEM.
e il o o e Ao o it
T vt g gl coend flm e v scopy (AFM) e wee oo n g o The
e 1o 30
te The i mdrwes s comerion g on He T i ke i b et o e
besm anaysis. The C, €1 modite pson
incident dose. Becaus ion dos is just anotber form of
riaion this influence i not aher provides
iniresting potential mean for cotrllin 1 3 Resulls and discussion
ofthe comversion. he Si or O signls

i iy of i i sy s o

o dov. Fo e srmsing s

P, e ol e o ke e 1)
o clment and. ey s 1o dre e i M"“;M Section 3123, demiy (Secion 313 smd
sloichiomelery. Using this procedure required 21 spectraper ")

sample. To shorten analyss time. damage 0 the UV

st  piyic cmerion e
o by expostre 1 .

ilmscan e comverted 0

Spotona 44 cm sample afer each | WC dose Tenspecta

@

Normalized Thickess

s
TR
Temperre (C)

. Mol i ks . o of s e

azone whike o
s e amed
UV adision, o

iy Gecion 335 sudes ol e
3. Temperanure induced ronsformaion sudies

L1 Fim hickness

covered about 10% of the total are of the 450 o i,



® e

suggesicd by the
and 5%, espectivly. s imporant o ot that
which

o n oot e
o S s o o 01 5 20y 0. g

BCE ratio. Because RS s insenstive 1o bonding. the

60 concentration is also grate than expecied. Possble
sources of carbon and hydrogen incude resdual casting.

an SEM a 300 000 X magnification
“The i thickness after conversion normalized by the
il ticknes i shown i Fi. 4 for 3 BCESSQ fim

process. Not. howerer.that e crbon t hydrogen
ol 13 e o e 13 e opced o
elhylne. Because IR stics pros

ized ks gy decrees 0 hot 65 umm

Upon incrasing the temperatue 1o J00°C,the chloriae

e ety of o Howee, e
ot change

Afer 20 o $85%. For times

Tonger tn 30 i e et
.

it

of 2 h. The temperature range 350 to 4S0°C s chosen

St TOA s (. Seton 22w et e

expecicd. A comparison of
icon and carbon atom facion, 14 4 17%, repec-
vy eovdes mpora g . b

fim
densiication ocresss smootly wih temperuur, s

312 Film composiion
Whereas 16

Acmass spectrometry is useful for bulk




the hydrogen
excess of he

xton i s st 4 1 ity
Privees s

Accuglass. he ony o 10 et

T g T 7 icon i
= - o by e 051 o . modesing s on eam
= [ » ety showa hat Accogssd sl retaim signfcant
H H hon ) nd ydogen (7% stom
pad hal tion) c For in® 720 and Accuglass®
51, the C and  conetsare gt then hose found n
inyl groups. These observations are consisient with ''C  BCE lms converted ‘One important out

NMR s on BCESSQ ameded at 300 [12, In

of this sty on dieectric materals is the need t uandfy

i grou “This second puthway for BCE
m\m e Tl o of s

" the oxygen (o slcon ratio increases (0 2.1:1.
Al e chlorn in he fim s o o

a5 0%,

1.3 Fitm densiry
Energy disprsive XR s used 0 measure the mass densi-

hat il BCE

e Some 1  CE youps e ey nd

i sy, wheras othrs o v wov
Both

evolve HC. Both the hydrogen and carbon concentrations
el bnelow enperre temperaure
ass from 300 0 400°C. th siicon 1 carbon raio

it from =08 10 =13 ety This el i
with the oxidaton of viny groups 1o produce

S’ Tl | B K e e -
e determincd using the
Compodlonsn Tl 1. The i i s sl s

ks o v oo o

e lover vl whle i 4 CH o of | 5
i decease I cubon i abutd o fathr idtion

"ty o, Bocas h S-C b e
fively stable, ncomplete conversion resuls because cross.
lnks o S=0~51 e pevemed o oming Atbouh

However, 1 S0 e denty ncrosts 1018 o

s o 25 e o xyn xcn o
sy et ngped small okl
icing CO, CO 1
lon scateing sudies culﬂy ot gt
ot

o of dlcnwoms

m the incomplete
‘with the relatively sabic methy gro

10 the evolution of hydrocarbons and the subsequent filing

of pores by oxidereflow. I i intresting 1o ot that pyo-
Iyt oxdes densify o much higher temperatures (>800°C)
2
314 Microscopy of thermally comverted films

i

ology and surface roughness were stuied
pecively. For a BCESSQ film

cracks,suggesting ion. To diretly et
 piece of scotch adhered 1 the film and quickly
removed. In al cass, he ormosi fims remained fi
ttiched 10 the slcon subtrts,

APM. studies show that the ormasil fims are quite
ot For o s of ampes, APV imaps wer

cbuiod rom s rngiag rom sbo 20t
e et S0 e e S0 o



Nomled thcknes 1 stc rsghocs e el comeion for 2 -

T 0 it o1 P ko ) Smbage ) Rt om0
s s ss % o
o 1 s 0 o5t
] i e a o

2 . Table 3 shows the fim thickness before and aflr
‘and roughncss. The shinkage

annealng, i shinksge, and rou
of the thinnest ims at both temperatures are consisient
with the bulk mass loss of 52.5%. Ho icker
fims do T thickness s mach 2 the thinner

comvesion provides n atractive roue for

Tover e b thermal ses shold

relative 1o pyrolyti conversion. For the
posed to UV in 3 itrogen purge, the noemalized fim

led in 8 fumace, ncomplee conversion has

in s Becune e e ot was ot enirely

e s o nidl comerion of e ouernon i one cold e b produeed durng e
causing a skinor ougn UV exponre. Nonw
Ot bk v o X1 8 oraar e Tl st il g st

jghness measurements range from 03 10 15 m. This
Toughness appets inependent o t A thichnes.
32, Unaviolr irrdition sudies at room emperature
321 Role of ozone
T st h ke of UV ad s n comrig
ESSQ 0. pared from
iy oo wih 155 s o DESSQ. e

he reaction of o

and it tickness measured periodically by clipsometry.
compart-

eommant i of s 195, ahich s

wf s ‘
al . i~
il -
E a
§n
“ L]
T + e
o P

Fer
2t O i (0

B convri, e fom e 8 ks of 234, 456,204 03 .



e o i
g R < o
g er s
H ° o
€ m 4
v Expone )
. Rt of o i oo U e s

e e e o s g .o e s

.

if conversion varied with depdh. lms of various
hicknesses were exposed to UV ozone.

522, Filw thicknese and refrtive imdes
ESSQ fim thickpess and refractive index s 3
of UV-expsre i investigated for 1y of 224, 496,

g 8 shows how the normalized thickness

(@) )
wf s
22 o s . - ° o M
: " g o 4%em
o ° ul o Tosem.
ERD H
] B - .
W 7 .
W o -
TR e e e T = T
W Expones (i N Expom
Cl @
osfa oo, N
" e o
° -
af o064 o
H H §n
it e 2 B
o . = ) .
oof. (] & -
O CET
UV Exposure (min) ° » e e
UV Expomee i)
o

omou i o
LGS i S






concentations, respecivly. can be reduced by longer
apons e wmm s deies st 171

Program ofthe National Science Foundaton under
RS 335 We oot e of o MRSEC et

e’ are
oy mm by radiationinduced detachment of
BCE 1 e okl ad oy vod
et 7 oty s <

Loty of BOERSO, whch 5 ol ety e
linked. A the BCESSQ reaction proceeds,te fim harders
and he removalof gaseous spcies becomes more diffiult

325 Cross: roscony

 Sewmin secton iy v wd 1o cincrizs
1| hovs e ecion o 3

i st 20 i UV ot T sl e with

e ncident beam. The ormosl fimis located in

Tacilicsof
st of s for on scateing. APM. ad SEM
suadies. RIC acknowledges parial sspport

i

¥ by the sufsce.
“The silcon subsrte sonthe right (ghtgray). The uniform

hatthe i qualty s excellent. The former observation s
consisient with the
(el Table 3). No pores ae observed at this magaification.

4 Conclusions

“The pyrlytic and photolytic conversion of a new poly-
namelyf-chlorothylslesquiosanc
m i Ormos

1o Accuglass® 311, omosi flms prepaed by heating

S -

10 X S i M e K Wy . Al 53 ACS
Sympen e oy, W

eations. ALISU,

el oo Fors 100 i AT o S
the bulkis

S et 385199 6

continuous. Upon exposure 1o ltavioltozone rdision.
from ca. 200 10

u..

han the hydrogen and carbon concenraions, suggesing.
e s i sves 1Y s i+ i
§roup of SiCH=CH. This rescton pahway diffrs fom

tions (2 va. 10%) and hydrogen (20 v. 30 %) than the.
pyrolytic lms. the UY-azone fims had » lower density
(68171 va. 138 glem)

I some thermal procesing.

Acknowiedgements

This wark was supporicd primarily by the MRSEC

1 NF ke L T e
R Spe. Mt B Soc. Sy . 0197 35



