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Abstract In order to meet the requirements of faster speed and higher packing density for devices in the field of
semiconductor manufacturing, the development of Cu/Low k device material is explored for use in multi-layer interconnection.
SiOC(-H) thin films containing alkylgroup are considered the most promising among all the other low k candidate materials
for Cu interconnection, which materials are intended to replace conventional Al wiring. Their promising character is due to their
thermal and mechanical properties, which are superior to those of organic materials such as porous SiO,, SiOF, polyimides,
and poly (arylene ether). SiOC(-H) thin films containing alkylgroup are generally prepared by PECVD method using
trimethoxysilane as precursor. Nano voids in the film originating from the sterichindrance of alkylgroup lower the dielectric
constant of the film. In this study, methyltriphenylsilane containing bulky substitute was prepared and characterized by using
NMR, single-crystal X-ray, GC-MS, GPC, FT-IR and TGA analyses. Solid-state NMR is utilized to investigate the insoluble
samples and the chemical shift of *’Si. X-ray single crystal results confirm that methyltriphenylsilane is composed of one Si
molecule, three phenyl rings and one methyl molecule. When methyltriphenylsilane decomposes, it produces radicals such as
phenyl, diphenyl, phenylsilane, diphenylsilane, triphenylsilane, etc. From the analytical data, methyltriphenylsilane was found to
be very efficient as a CVD or PECVD precursor.

Key words SiOC, low k, thin film, PECVD precursor, organosilane.
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WA Abe] wlA|s), A st W u&st o] O] A, FH A F(critical dimension) 0.13 um, FESES
$317] flste] tEHla 7)ol tigh Al7]se] 8 2100 MHz7F Bl wel SEue] SEA ] fd
Tk @Al wiATE ARSEA Qs AUSIO, AlZ=’lelA  7F 3.0 olskE fE L ok
= RE=A| &xpe] vMstel] wE 213 A A ko] F5 AN Z= FA porous Si0,, SiOFE2] F714], poly-
S HE2 ARt A7|AEE7) 943 Cuz BjAEZ imides, poly (arylene ether) AlE2] #7141 223 SiOC
o] v glom oo mE F7F HAw AE7F & (-H), SiOCE 77l HEAR vYes & doH &
TH I Atk @A AREEHIL = SiO, B fge]  AHEE §9& 2vFYste] vheks A= SOD (Spin
3.9~4224] Y& =0} 0.18 pmT ©]Fe] Wk=A] Axke]  on Deposition) 2 HAFAIE ARSI 7 dE oA
2HA3), w3l Azket EAIZE o71E L Atk Inter- 8RS A2 4 9= CVD (Chemical Vapor Deposition)

&+ PECVD (Plasma Enhanced Chemical Vapor Depos-
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UERNARE 71414 737} wilg- FoFete] f7]ste] Be
= EZQI SiOC(-HEro] At AfdEdsE S5
At} SiOC(-H) e FZ trimethylsilane, triethylsilane
Y& dimethyldimethoxysilanes-2] F-714 8 A7A*=
ARE-sted PECVDHRECl ©J3l] REEoix]=d] SiOC(-H) ®}
22 Si-0-Si¢} Si-CH;2 A Eo] o] fFd&o] v
F71A AFAEA vlate] NNAA Bert e &
ol St
Si0,21 7% Si-02] bonding mode?} YA HA M2 2
3le e, = Si-09 UEYA AR o|Fo -t
o]#3+ Fxo| A& Si-O bonding®] WH-2] =717} nmo]
tol 2712 wj$- 2t} AT, SiOC(-H) vHte] e 7]
TZE ZH= 22 Si-CH; 2#°] 9% Si-O-Si chain
7NHA AZSIaL terminal —-CH; groups T2 bond<}
alA] 927 ol chainfollA 7]8-S A o]}
2 F2e EAe 938t cross linking TEE ©|F
dBA71¢] Y=rlgo] dehfjo] JAE= Zlolth
ol g o= ¥l HA Y HFES "oy 7|E]
=23268 %9 FH4TE 72
= Afxuhate] JgE ) wEhA] ojuhute] §ANTE
), alkylgroupe| #t+& 73
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719138 PECVD A7 2 large R group> 2= #7]
o] nlgZ] g 123t o]f+= large R groups 7HG
= ylhfjol] porogen §lol% & 71E FAdol 7hsshH H
< T2l C/si HE Z2Ho] &olaly] wEoltt.

2 AFA = —CH; groupE.th Ale]=7}F 2 phenyl-
groupS 7HAH PECVD Z-7A = ARg-o] 7F53 methyl-
triphenylsilane2- #|Z3}3Z NMR, Single crystal X-ray,
GC-MS, GPC, FT-IR 283 TGA #4& o] &&le] T
Z ¥4 9 PECVD ATAZE AM7Fs4S AE sk
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2.1 Polymethylphenylsilane (PMPS) &7 &4

=453 we} Dichloromethylphenylsilnae (DMPS)
monomer=-E PMPSE A st7] flste] wRb7|, 7zt
7], Ao FUT 2 Ben A7 FERE B AAE
oj-gsto] W3 2%, A 559 FHRNaK)FE £
A& st FASATS FA e WA vk
Wl EAlldhs S AASIL IeEe] of=zot A
A5 ARESt] AF2olA Wkg7] WH-E flushing St}
100 ml EF90ES FY3HL 40 g 55 UYEFS glove box
oA FEFate] W7l Wi 255 7tete] &85t T
Algk YAZ ARG W87 REE dA A st
T A% s AGRE0E FUSHEA 100g DMPSE

oo

dropping funnelS &3t x3] wh-&-7]dl] FHgitt. F
Ydol B F 110°C, 244 7H59F W8-S AlSshHA] W
2 A Eo] FAE QYT HkLo] By & 40°CE Wzt
H gEfellA HWEkeS A1418] Astele] HHSSHA] 22 Na
E AAS & AFst) SHTE FAHERQ NaCle ¢
3] Aol F 60°CE 241 7H50r AT HAZE A1t
o] w $AE FEA PMPSe NaClo] BE2 Folsl

A AgNOs= AHE-sto] Belstit

2.2 PMPS2e| 2dZsHof| 2§t Methyltriphenylsilane
(MTPS)&td & HH|

443 PMPSE GE-3)|5lo] methyltriphenylsilaneZ ¢
Attt Wzh717F 228 autoclaved] 7H491 PMPS
£ F7ketar AAdel7] slollA w2 E 360°CollM 6
A7k, 400°CollA 6A17F RbsPHA REGAIZITH WA
o A 27kR] Wztslar, o719l cyclohexaneS 715l &
F o B85S AlASL Al 250~300°CIA] X
Foore] Tk AL AHEQ] methyltriphenylsilane
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2.3 Methyltriphenylsilane2| S4 "7t

NMR, Single crystal X-ray, GC-MS, GPC, FT-IR ~1Z]
3 TGA #418 o]83ld F7HIQ! polymethylphenylsilane
I} A2 methyltriphenylsilane®] AR, HHY
A, & 28313 Polymethylphenylsilane 57HA| <]
¥Si solid NMR 418 Varian A}2] Unity Inova spec-
trometerS ARSI O™, FS A|7bo 9-473} signal to
noise ratios <71 fl5te] CP MAS 7I'HS AH&-3k3iTh
Polymethylphenylsilane 5-7-41¢] °C and 'H solution NMR
22492 125 MHz(C), 500 MHz ('H)olA Z+2F ozl
o CDCl; 8¢} trimethylsilane (TMS) EFE2S AR
sl chemical shifts HG8FITh FTI-IR 4> FTS-
175C spectrometerS AH&-3Fo] 4000 o4 400 cm™ H
oA KBr} AlRE &3l pellets Aol A3t
AEL] EAl EXE ol 7] 951 Gel Permeation
Chromatography (Agilent Co.)& ©]&3}] A|SE tetrahy-
drofuran®] =0°]3L polystyrene =22 S ALE3lo] |
OlElE Atk AEAF AAFES GC-Mass 4] (Agilent
Co.ys st A 574 B oA w8l AsS A
Rt} Methyltriphenylsilane© 2 #& FA| & =0l w}
2 €& 752 B7] f1ste] STA-MS-Skimmer TGA
(Thermal Gravimetric Analysis)E AFE-slo] A F-917]
atoll 4 450°C7HA] HlolElS ATt

Methyltriphenylsilane2] 27725 w4317 213147 single
crystal2 cryo-loop pin®ll P}-2® g $ paratone oil %
35Tt Single crystal X-ray ©©|El= Advanced Light
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Source at Lawrence Berkeley National Laboratory] beam-
line 11.3.1914 Bruker APEX II detectors AR5}
1502) KollA] oA 3L SAINT V7.349 2]3l integration
F92™ SADABSZ Absorption corrections FITh -
Z3AS direct methodZ 3151 9™ SHELXS package=
TZ7} refine it}
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Sio, ¥tetE T v § et 2t
A7 6}71 QA= SiOC(-H) 2Ado] vt
1 £ S0 4% B SiC Ado] A7
o_”_ﬁsl—g A A 02 Z7IAA o]
74 &g #57] mEelth shin 52°
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Fig. 1(a)= dichloromethylphenylsilanes &&UEHF é
£ o]8-3le] 43t polymethylphenylsilane®] 725 &
213}7] 98l FT-IR spectrum %2433 ZAzko]t}. 3066 cm™
9} 2948 em ™'l A= CH;ol9] C-Holl 93 21593
7% Ve 1247 em'3 754 cm oA = Si-CH;2| 8

&3 Si-Ce] 415%1 & (stretching vibration)”} WERAL
1425 cm ™'} 1095 cm*loﬂfﬂ Si-CeHs= Al 50] VeR}
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Fig. 2. Solid Si-NMR spectrum of polymethylphenylsilane.

2250 cm™’, 850 cm 'ollA Si-HE 4159502 e}
O Z HO} polymethylphenylsilane”} 33 51352
/\ oh;]_

Fig. 2= & monomer?] dichloromethyphenylsilaneE
E3to] 4% polymethylphenylsilane®] solid *’Si-NMR
spectrum®] T}, Fig. 20X+ 41.402ppmolA] single peak
7} detect=lo] ol Si-Si¢] TUATE HFIL 9o
polymethylphenylsilane®] SiAFET-Z7} linearshAl w|<€
Hodes % 4 JoH(Fig. 3), FIR 273 Ao}l o

23S ok 2= 9}

Polymethylphenyls1laneE 360°CollA 6A17F, 400°Coll 4
6AIZF datsliste] E MRS At S47 A3t
U= Fig. 40 YERY At) Fig. 4(a)= as-synthesized A]
go| Exlge] B E =2 YeRfY 29dA B
oAR)=0ke} o] Mw = 3,00001°32] 222 Mw = 100~
3008 =9 Monomers°] E¢Ho] = AS & F A
t}. As-synthesized®l AE-E cyclohexane®l| 5?1 $ 250°C,
Ky %‘%"’5‘}"4 A W ARG A7)0 PEEE U
GPC A= Fig. 4(b)oll YeERATE o

h 1_.
FIAEL WA ZE WhS-2 o) ulel BEajEke] 7]
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Fig. 1. FT-IR spectrum of (a) Polymethylphenylsilane and (b) Methyltriphenylsilane.
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Fig. 3. a) Proposed structure of polymethylphenylsilane and b) 3-
D view of polymethylphenylsilane structure.
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Fig. 4. GPC data of (a) as synthesized sample, (b) purified sample
at 250°C under vacuum and (c) precipitated crystal sample (methyl-

triphenylsilane).
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Fig. 5. Crystal structure of methyltriphenylsilane.
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(a) 'H-NMR of methvitrivhenvlsilane
(8, CDCla, 300MHz) 7.49(d, 6H, Ph), 7.33(¢, 3H, Ph), 7.29(t, 6H, Ph), 0.80(s, 1H, Me)
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(b) BC-NMR of methvltriohenvlsilane

(5, CDCH, 300MHz) 136.54(i-Ph), 135.74(0-Ph), 129.86(p-Ph), 128.33(m-Ph), -2.86(Me)

Fig. 6. a) 'H-NMR and b) *C-NMR of methyltriphenylsilane.
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Fig. 7. TGA data of methyltriphenylsilane.

3} methyldiphenylsilane (bp: 91°C) ZZ2]3L methyltriphenyl-
silane (bp: 230°C)%] &= A= diphenylsilane=}
triphenylsilane= H|53 zto|=2 2|7} 73t om i
2] gt methyltriphenylsilane®] =73 GPC A& Fig
4yl el em AR Mw =277¢]90th g, &
MJjollA] methyltriphenylsilaneS gA] AGo2 7o)
oyton ol& o]gste] AR Xeray datas Ao X
)Xo 7Fs3I9 ). Methyltriphenylsilane TH47% 32314
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£ direct method® 3} 2™ SHELXS packageZ 7%
7} refine= 1 2™ space group P2,/cZ cell parameter’}
a=18.524(6) A, b=9.5442) A, c=18346 A T12]F p=
107.80(1)°] %It} Methyltriphenylsilane®] building unit>
Si $H&2F, 3709] phenyl ring 2237 methyl”] SHEALZ
o] Ry XM (Fig. 5) o]¢} 2 T2 2005%=0] Theresa
Kuckmann 5ol ¢J3ate] 25 0ct”

£ =X = polymethylphenylsilaneE 360°ClA] 6

Relative intensity

L EIE - olg T -

olFd - HrE - A99]
AIZE, 400°CAIA 6A17F Eitaliake] methyltriphenylsilane S
AAATF Theresa Kuckmann 52 (CeHs);SiCl#F CH;LiS
-78°Ce] A2-0|4 WES-AIAH methyltriphenylsilaneS AT
Fig. 1(b)= methyltriphenylsilane®] FT-IRZ7 4 7}o]™
Si-CeHs, Si-CH; Aol BF A=A} B3, o= GPC
AFol|A HojFo] BAAV|E zh= A4S PPCSE H
o T}
BC-NMRoIA phenylZ]ol] 213} 128~134ppm - 1C (133.39),

J 105 181 197 259
53 155 274
50 100 150 200 250 300 350 400 450 500
Mass (m/z)
Fig. 8. GC-MS data of methyltriphenylsilane.
Table 1. Thermal decomposition products of methylphenylsilane.
Molecular weight Structure Molecular weight Structure
CH, .
OO
ittt N
274 259 % ©
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2C(133.01), 3C(128.3), 4C(131.6) LFER™ 'H-NMROI|A]
7.45~7.72 77k A 9] YERU= Si-phenyl group = <1
3921, methyl7]oll 218 “C-NMR 5.48ppm, 'H-NMR
9] 1.008ppm YER} Si-CH; 7%= 81819 thFig. 6).

Methyltriphenylsilane®] HAJdS Folr7] st
TGARA S &t%ler 2 Ax= Fig. 791 HeERAATH
Methyltriphenylsilane= 224> #9175k 4 120°CollA Z
FHATE AZFEIAL 230.5°CAlA T4 sl el A
o] 270°C w9k A EE methyltriphenylsilane®] <2
EaL AlEHY &) zeroZ} HUTE TGARA A= vl
Fo] Ho} methyltriphenylsilane 150°CH]TH|A] F3-5h
vapor pressureE 7FA|™ cross linking®] ¥ojupA] kol
CVD EE= PECVD HFA|Z ARE-0] 7153t organicsilane
s & F AUldTh

A AES GC-Mass #4S 3to] 24 =4
O aRoA 2 AFS AW A3 Fig 8A B
o X =1}t 70| methyltriphenylsilane w3 A] A ¥ =
radical &< phenyl, diphenyl, phenylsilane, diphenylsilane,
triphenylsilane’s-©]™ large R groupo = 7 &0} v}k
ol porogen $lol= & 7% ¥l 7FsstH HE +
ze] C/si HIE 2do] &ol BFEER o]Fox A
S & 4 Utk Methyltriphenylsilane A3 & A-8-3}
o] SiOC(-H) ¥r2HA|%A] Si-phenyl ZE©°] L3 Si-O-Si
chaing 7§A] 2333 terminal -phenyl groupS T}
bonde} AesHA] 2371 W=l chainfollA 2 71&& I
g3t ol -2 Fx= dA el 95t cross linking
TFEE o] FHA YAV vr]Fol vl FS
7Festl stE= A vheg- CVD E+ PECVD A
TAR AREo] 7Hsd A= Z|gEr
4. 2 B

2 AFX = AlkylgroupEth Ale]=7} & phenyl-
groupS 7HA™ PECVD A2 ARg-<] 7Fs$H methyl-
triphenylsilaneS #2353l NMR, Single crystal X-ray,

GC-MS, GPC, FT-IR 22]3L TGA #412 o]&3te 1=
w4 3 PECVD A7AZ A87Fsde HE st
Methyltriphenylsilane®] building unit-& Si $HE2}, 3712
phenyl ring Z2]3L methyl”] $HEALZ ©]F0JA|™ methyl-
triphenylsilane &3l A] A4 == radical&-2 phenyl, di-
phenyl, phenylsilane, diphenylsilane, triphenylsilane 5-©]
o large R groupS 2 Al % o] uhyoll porogen §1°]
T & 71 4ol 7FsshH HE e CfSi HE &
o] golg EHEE CVD %+ PECVD HTAZE A}
go] 7ed Ao R 7tidth
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