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SUMMARY

For the reduction of the delay time of ultralarge scale intergrated(ULSI) circuits
caused by the parasitic capacitance of multilevel interconnections, it is atrractive
to use low dielectric constant(low-k) materials as intemetal dielectric(IMD).
Low-k(<2.5) materials will replace silicon dioxide(k=4.0) as the intermetal
dielectrics in multilevel interconnect scheme starting around year 2001, reducing
substantially the interconnect RC delay in ULSI circuits,

We proposed Fluorinated Amorphous Carbon(FAC) films as new IMD materials. Fluoronated
Amorphous Carbon film has a cross-linked structure and C-F bonds,

Recently, the concept of a plasma processing apparatus with high density plsama(HDP)
at low pressure and temperature has received much attention for development
technology of IMD materials with submicron devices. Among the HDPCVD method,
Inductively Coupled Plasma(ICP) CVD has potentially attractive freature in plasma
application because of an efficient high 'density plasma at low pressure and
temperature production compares with other conventional type plasma source.
Fluoronated Amorphous carbon(FAC) films was fabricated using the ICPCVD method. The
properties of deposited films such as bonding mode, binding energy, dielectric
constant, dielectric breakdown voltage, leakage current and uniformity weaw measured
as function of the CF4/CHy gas flow rate ratio, and the reliance of two films were
investigated by annealing effect. From these results, the best formation conditions

of FAC films was investigated.



ULSI(Ultra-Llarge Scale Intergrated) AX}2] n|M3}, A3 gl &3 9F
of ti-&3t7] #l5te] thF vl Jlgol iy MEL Jlego] 27FHI St th3 )
A 7le FAAE T A T Ay 3 ¥E Jleo] £t 5EE ¥ AA
= 30% 242 A FHEI QrH(Homma 5 1993, Ting 5 1995). ¥x] AL&FH
& Si0, Wb HEhy 5L 3wt whap pEgo] U Tt E¢F %
2 73 A2 oM s, 23 a& a2 ST HAYWHLR AR
st=dl ojagol dth Zeja wid Zo oMol whet wjd THo) HA S2HE
SASHA vfddte o] 23 A olth(Choi & 1995). 0.18 pmg o] FY 4=} 74
ol A, 3 HAUOCRE A FASAE AMESIA] o™ vjAd e 714 FA&Po
uid atololl whEstA Hrh o] I B ALYl o3te] RC Al A A} A AP
o] F7t 2eli, Il o I Fol dolul 4xte & Ao 2<lo]
Hrh olgjd FAAE A st M2 A RIS U aUE ey
o 4 FYUI ey kg PHs= FHol LFEIUTHKIm F 1997.Singer
1996)

3% 0.18ung £xjoll HE3}7] ¢3¢ ARHEL wepe FTES/H0-LPCVDR,
TEOS/02/CsFs = SIF,/0,-ECRCVD®, SIF4/Oz-Helicon Plasma CVDY Sof o8} SIOF
atatof cidt @27} o] Fol Arh(Chois 1995). of2j’t SiOF 2}t 02] HxtHc} &
2 AVNSEE(4.2)9 H2 £3E(0.557)& Ztes Fo A7} Sitel E/MY EUZ
A e £348 ZE Si-0H 2YE ZaAAFT, ol2ds W2 FALTE =
th dxizix] R32E SiOF #ute] fEde 42 3.022 HuHy QrHKin &
1997). @} SiOF et dAjzlo] o3t Fo ¥ite] uwiel {AAG47E F7IE L,
HF whd o2 QI3 Azte] B2 Qs wfute] Alg|/do] ytopx|ar olrh

Ot BaAd RI1EAL §AMSE o] 2,5~3.3 AEE &3, £EFFE(0.05~
1.9%)0] yit} EtAAIFOA EA33EQ ZAQo)= PTFE(Polytetrafluorcethylene)
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TZE dufo] PPHUCh PIFE F2E A FANSUL 7HEAN 43 Fodntey
58& 7z deu W2 H&A(adhesion), 3} EF EQHHA(thermal
unstability), 32|31 FFof wWe EAHo] thF=E QrHCrudens 1999). 137
U 3d= Fetzol D ol osted ¥AgH FAC wte PIFE F2E Z:
polymer2} TIE H4& zh= 208 RIFo 7| HLE 3 Q= Alg|@ Abs}u}
& tiAY 33 Fdges FH ¥3 rkChois 1995). Sk st Bas By
=3 ¥ FAC }t2 {3 go] 2.0~2.5 AEE % =3, 3y, 2z2Hog obR
ol wrth FAC 2ol d3 EGAAEE A3 AR A AU
ICP(Inductively coupled plasma)-CVDoJt}, ICPCVD Ru]:= cthm 3 (8¢1x] o]Ate] Si
vafe F87Hs)3 &2 EelZnt Wx(107~10%cn’) & A& 4 97) wjBoj 22e
FAC wtetg & 4 lth uwetA] &) 7S HOPCVD Au]% [CPCVD7L XpAlc) Ax}
TRA 71 R FFANE F_H Ao® AYNME kg st AT,
Bzl Azt 24 BEEHD Uk (Yun 5 1996, Kim 5 1996)

2 AN E 0.18unF o] M) sl axlo] 2LY IMD B A2
2 &et X2 A CFi/CHy precusord o|-&35tod ICP-CVD Wy o g FAC ulutg =23}
ot FAH vpute] EA2 FTIR, Ellipsometry, C-V, I-V, XPS, 508 ZA¥Rc

FH4, Fd3F, breakdown voltage 5& ZAst 1 BEMS Zalsidct,
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et wiEAe] ¥do] FURH, FPAHoM o]
Hle (=g NAW)E FoAAA Ho, o7]4 W ZHZolrh Poisson WA
& ALY, FPFolM e Held 228 7Y 4 ok
= 1—x.° U gNs W
o= 0, ( W ) , .= 5. (7)

o171M, @ . EFdedolct. Arpdgte] Ut O = FUMElY FUE W

F7RITh Fig 1614 AR ol 0, (i) =2=2EL 1020y o) gop

o, ojm A(7)oAFH

W J 4e,e, @ (in) ‘/ 2eq e kTN 4/ n))
" C]N1 Q]VA

(8)

2 7Y 5 ok o714 nbde] dojupes Mk YA U(turn-on Voltage)

Vel 3t A (1), (5)24F

o|i, olof th&te FH U &Y v} Zrh




(a) /

V>0

% neutral region

Er f 5
N~ depletion region
L inversion region

(b) 5 p (x)
“O w . » X
‘ :l— -gNa
N —(Qn
Q
(c) $
¢ 4 Ex)
< | Osl/ €
-d 0o W X
(d)
4+ O(x)
VlV w&
y ~—3 e x
-d 0 %Y

Fig 1. Ideal MIS structure at \>0 inversion state. (a) energy band,
(b) charge distribution, (c) electric field distribution,

(d) potential distribution,

_.6..



Ci -
10 P r— G
\ "
Crs (flat band —— (a) low
08 capancitance) frequency
O os |
O
Crin
04 F Cminl b
4
(b) high
02 k frequency
Vmin
0 v
-V 0 —_— +V

Fig 2. C-\' characteristics diagram of MIS structure, (a) Low frequency

Applied voltage(V)

and (b) High frequency,




2. Ect=0} Yoo 2 Matching network
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2. ICPCVD E2t=0lo| &4
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AolA eteltte 43 d, of AL FI4= 13,56 VHz, AL 800 ¥, 223
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5.32 eV'® wolzlth 2} IF =7 200 aTorro] T rf &Ho] 400 ¥ & of
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Fig 5. Electron density of Ar plasma on the rf power in the pressure of

100mTorr, 130 mTorr, 150 mTorr, and 200 mTorr.
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Fig 6. Electron temperature of Ar plasma on the rf power in the pressure of

100mTorr, 130 mTorr, 150 mTorr, and 200 mTorr.
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Fig 8. Density of Ar plasma for radial distance in the pressure of 100 mTorr,
130 mTorr, 150 mTorr, and 200 mTorr at 800W rf power.
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Fig 10. Distribution of Ar' ion energy formed from presheath and sheath.
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Fig 11. Dependence of CF,"/CF3" and CF'/CF3' ratio on the grid bias at rf

400 w, Ar 85 sccm, CFy 5 scem, and 10 mTorr.
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Electron Density (10 12cm"?)
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Fig 12. Electron density of CF4/CHy rate ratio is 4, 5, 6, and 7.
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Fig 13. Electron temperature of CF4/CHsy rate ratio is 4, 5, 6, and 7.
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Table 1. A formation condition of FAC films by CH4/CF4-1CPC\D

Antenna Structure 4 turn
RF power 800W, 13.56MHz
Pressure 100 - 200mTorr
CF, gas flow rate 5 - 35 scem
CH, gas flow rate 5 sccm
Initial pressure - 104 Torr
Working pressure 200mTorr
Deposition time 10 min
Substrate Temperature Room temperature
Wafer P-type Si (100)
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Fig 14. The FTIR spectrum of FAC film deposited
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Fig 15. The FTIR spectrum of FAC film deposited at CFy/CHs=7
and after annealed at 300°C, 500C
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Fig 19. The XPS spectrum of FAC film deposited at
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