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Abstract

Miniaturization of electronic circuits with increased complexity and
multilevel metal layers demand intermetal dielectric(IMD) materials with low
dielectric constant. Present aluminum interconnects with silicon dioxide as IMD
layers will have a high parasitic capacitance and crosstalk interference in high
density devices. One of the most promising IMD materials that provides a
modest reduction in the dielectric constant but retains many of the properties of
silicon dioxide is the fluorinated  silicon dioxide. Fluorine is the most
electronegative and the least polarizable element. F,SiO, films have a dielectric
constant in the range of 30~37. A variety of different processes to deposit
fluorinated silicon dioxide films have been investigated. Conventional plasma
enhanced chemical vapor deposition(PECVD), high density PECVD and
atmospheric chemical vapor deposition{APCVD) = processes are some of the
processes that have been extensively investigated. Recently the concept of a
plasma processing apparatus with high density plasma(HDP) at low pressure
and temperature has received much attention for development technology of IMD
materials with submicron devices. Among the HDPCVD method, helicon plasma
CVD has potentially attractive features in plasma application because of an
efficient high density plasma at low pressure and temperature production
compared with other conventional type plasma source.

In this paper, we report results of SIiOF film deposition in helicon
discharges fed with SiF.i and O. mixtures, obtained by changing rf power, total
pressure, and SiFy/O> flow rate ratio. The properties of deposited SiOF films
such as bonding mode, F concentration, dielectric constant, leakage current,
dielectric breakdown and uniformity were measured as a function of the SiFs/O2
gas flow rate ratio, and the reliance of SIiOF films annealed from 100TC to 5007C
was investigated by annealing effect. From these results we were found to the

formation processes of SiOF films for IMD material development.
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3. SiOF utet dAd =4

mure @A77 A, 7wl 9H adg AMA] fstd RCA AHYez A
we Ao FasGD, Ar ojeoz of 183 NHe 2HEHY &
7232} precursor o] €9 SE& FY U 3] A% Aotk SiOF
o 27189 M7E 707Gauss ROl SiFast 0.9 #3FulE WA
HFAZHE 1RAM 28R Ak 27 WEEE 04 10 *Torrel A F& %

oX rlo

Nagoya type Il %9 °JEﬂUr—§- *}%SH‘&V»}. 13x Fehznt Sé*éoﬂ e
buffer 7t2= Are 2 Algsgoen, 32 ¥ Si, 0% F o2 9}e] ZF radical®l
wote] F2EE AL WAy Q5 Ar 7b2 R puzzy A AT £ Ar =9718t
A A7 ZE 2087 100TAAN 500C2 x4 k. Elel SiF/O.-Helicon
Plasma CVD 2ol 9% SiOF #ate] A4 zxdg dehlAo

Table 1. A deposition condition for the SIOF films using a Helicon
Plasma CVD method

antenna structure Nagoya type Il
magnetic field strengths 707 Gauss
rf power 14 kW
deposition time 1~2 min
initial pressure ~10° Torr
working pressure ~10mTorr
SiF4 gas flow rate 1~6 sccm
O, gas flow rate 1~6 sccm
Ar gas flow rate 2 sccm
annealing temperature 100°C ~5007C
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z2R5 279 wote] FAZ JYyo FIAS AL Ee] BHE C-V 54
=23 A sweep up® down FHAelA Yojuk= hysteresis ZTMo HY ZoRH
g Al4tsdo.
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5) A2l AL X4
IMD dote 2A 73 F Axyel oa AR L wote] FHTt Pol] AT
2 qitp, E3) SiOF wote dxz 34 #F F #% vyl il e F
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Fig. 4-1 FTIR spectra of SiOF films deposited in

in the fixed SiF. gas flow rate lsccm.

various O» gas flow rate
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to 5007C.
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Fig. 4-6 XPS depth profile of the SiOF film deposited at room temperature

as a function of SiFs and O- flow rate lsccm, respectively.
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Fig. 4-9 Thickness of SiOF film as a function of the SiFy/O: flow rate ratio.
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Fig. 4-10 Uniformity of the deposited SiOF film on the 5 inch full wafer ;

(a) as prepared and (b) after annealing at 500°C.
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Fig. 4-11 Refractive index dependence on the SiFyO. flow rate ratio.

Wi ~ e
190 b

> .

D L] L [}

© .15t "

£

9]

> «

'S 1.10

(e8]

£

Q

& qosr

A 1 4. 1 a1 1 N 1 L 1 SR

LOO ) 100 2(X) 300 400 500

or~

Anncaling lTemperature(C)

Fig. 4-12 Refractive index dependence on the various annealing

temperature condition.



5. SiOF ¥ete] W74 54

SiFi®t 0.9 F2%g 27t Isceme2 9 ¥4 SiOF =g 223 500T
2 dxg% Fo C-Vo 1-Ve EAZAIZ, /A5 FE™F R dielectric
breakdown voltaged ZA}sl4 ).

28 4-132 SiFs%t 009 %S 77t Iscemo 2 S A 2oA FAHE SiOF

wlolg ZEuwt4 IMHz, U7 -8VolH VAR BolZAe wel 23E C-V S
N ZAold Z¥d ANEFe] H@e o 84pFozM FUAMFE 3052 Fol
A3, wekel £AE o 800ACITH C-V 54 ZHA sweep up? down #A ¥

o} SiOF/Si AWdA A7t A==, o AWGH EAdte HIUET
Ni=(CaVn)/(gA) Aol oste] Axstdct 71 C.e FAHIG] AHEF, Ve
sweep up® downoll Al Ydojub= hysteresis 49 At %, qv ©9H WaF, A=

d2o) wdHo|ch oS HozRE AudE HIFUEE 29x10"cm o), FHE
Ao oF 0043202 o}F o} inversion FHolA el 54 EAJol Bt
1Y 4-148 500C 2 EAgd AlgeMe C-V S4FMor Y AWEY
o) Hulgte o 82pFo2AM FAAFE o 3132 AAHJACTG daEEE 21X
10”cm“°§ Foldn Trﬁ—@"e‘% 008502 ‘Ebytony whote] FA= oF 830A

SIOF whatuo} 500C2 dAd Aol $44
47b we A SIOF #opel 48 F 94 559 Zae o8¢ Aoz 4za

_35_



5.0 0.045
~ 30 4 0.04
E 0 10085 2
’E 6.0 1003 —:
250 {005 T
t—; 40 : Joo A
5 30 0.015
\k_“
20—ttt (0]
8 -7 6 5 4 3 -2 -1 0 1 2 3

Applied Voitage(V)

Fig. 4-13 C-V characteristics-of SiOF film deposited at room temperature.
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Fig. 4-14 C-V characteristics of SiOF film annealed at 500C.
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Fig. 4-15 The dependence of the dielectric constant of the SiOF film
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Fig. 4-17 I-V characteristics of the same as in Fig. 4-13.
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Fig. 4-18 I-V characteristics of the same as in Fig. 4-14.
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