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Abstract: Increased signal speed can be obtained in three ways: changing the layout and/or the ratio
of the width to thickness of the metal lines, decreasing the specific resistance of the interconnect metal,
and decreasing the dielectric constant of the insulating material (intermetal dielectric). Further
advancement cannot be expected from changing layout or decreasing specific resistance. The only
alternative is to use an insulating material with a lower dielectric constant than other ones used presently.
A large variety of polymers has been proposed for use as materials with low dielectric constants for
applications in microelectronics. In this review, the properties of selected polymers as well as various
fabrication methods for polymer thin films are discussed. Based on the properties described so far, and
the requirements for applications as intermetal dielectric material, the possibilities for further developments
also are discussed.
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Fig. 1. Dependence of signal delay on the device size*Y.
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R: A&} (resistance)

C: &74-8-%F (capacitance)

p: W18} (specific resistance)

&: H]-8-4734 (relative dielectric constant)

- AF B84 (dielectric constant of vacuum)

: £41¢] Zo] (length of conductor)

T: =A12] S (thickness of conductor)

P: £4A10)e] Azl (distance between conducting
lines)
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Table 1. SEMATECH roadmap for intermetal dielectric:
dielectric constants".

Pitch (nm)
350 250 180 130 100
Prediction Year 1995 1998 2001 2004 2007

1994 & 39 29 23 1.7 <15
Prediction Year 1995 1997 1999 2002 2005
1998 A 4.1 3.0~4.12.5~4.12.0~2.51.5~2.0
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Table 2. Properties required for new intermetal dielectrics®

Zhe A3 A8 E e FARdo) AlgH oo} dit},

3] X (pitch)2] -, ©]7] 19993l 180 nmE B4
st ol 19940 & &% AR} oln] 1~2d
e} gAE Zlo|th

22 HorEy
AAAR STHE SHL Fe 245 9o
LYoy, ATo)F ABHHE ge o 4

A& PVDUY CVDE £ 52 9o = A7 =Foluv
RANEFS o] 48t FAHE 5 Y. o3 &
HEL 250°C o] 3te] ¥ E W 25 oA o]Fo]
2 F 9ok 28y go] F4H o] Fe HEA]
400~450°C2] =8 9 ollA M]{P e EAEE
Fojokyt By Ho] FE(void)E o] YoIA] 7] o Foi
A= EpHolet & 4= Ut

Property Value
Dielectric constant <3 (preferably <2.5)
Dissipation factor at 1 MHz <0.005
Thermal stability: 1% weight loss in N, atmos. >425°C
Moisture absorption <1%
Adhesion (to metal, self-adhesion) Pass tape test after thermal cycles to 450°C
Coefficient of thermal expansion <50 ppm
Etch rate >3 nm/s

Etch selectivity
Stress
Gap-fill
Planarization
Tensile modulus
Tensile strength
Elongation-at-break
T,

Thickness uniformity within wafer (30)
Thickness uniformity wafer to wafer (30)
Cost at 4-7% solids content
Metal content
Shelf life
Thermal shrinkage after curing
Dielectric breakdown
Step coverage

Number of particles >0.3 pm

Oxygen plasma resistance
<+ 100 MPa
No voids at 0.35 um, aspect ratio =2
>80% (regional)
>1 GPa
>200 MPa
>5%
>400°C
<10%
<5%
<12 $/g
ppb level
6 months
<2.5%
>1 MV/cm
>80%
<0.08/cm?

vlola gl & #7143 x| A 9H A|3Z (2002)
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IEA AAAMEE 2HIH(spin coating)ol
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l

Table 3. Comparison of spin-coating and gas phase deposition of polymer dielectrics.

Spin-coating

Gas-phase deposition

Advantages
Most polymers can be used
Well-know structures
Specific design
Global planarization
Problems
Gap-fill
Multilevel structures
Baking, shrinkage

New equipment necessary

Compatibility with processing equipment
Gap-fill
No solvent removal necessary

No swelling in multilevel structures

Less versatile
Deposited structures sometimes uncontrolled
Structure optimization difficult

Surface conform deposition

Microelectronics & Packaging Society Vol. 9, No. 3 (2002)
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ul2he] vlol A2 xRl AMR-EL7] A AHHE A
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polyimides®]l Z73-& %3o] A7k AP =7t UF
o= FA4FE 747]7] AAste] B4 (fluorine, F)
& "7 E ol 238 250 77 Ay EHN
ok detH oz B4 E HrMetd vEAe] A%
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Table 4. Polymers suggested for ILD/IMD applications.

Polyimides

Poly(aryl ether)s
Poly(quinoline)s
Poly(quinoxaline)s
Poly(oxadiazole)s
Poly(norbornene)
Cycloolefin-copolymers (COC)
Polyindan
Poly(tetrafluoroethylene)
Poly(perfluorocyclobutene)
Poly(benzocyclobutene)
Fluorinated poly(triazine)s
Poly(para-xylylidene)s
Poly(silsesquioxane)s
Poly(benzoxazole)s
Poly(naphthalene)

Poly(tetrafluoroethylene-co-2,2-
bistrifluoromethylperfluorodioxole) (Teflon AF)

o] ¥]% 2 (amorphous) PTFE-derivatives®} 22 24
3} ®(fluorinated) ZHEAEE A AT AT 1
U, BastE TR o) Bhe £40 W B
AHHF)S AT 4 Jedl, old FA4E B4t A
2 AL FAAE F e BRI o] H2d=
oAl B2bS X351 ¢e Rl #o] FFH

5. 7|4& o|88t IEXx|=2| HY

1} o ¥ A (Nanoemulsion) 57 ] 7] &= oA of
24 431 & 97 42L& 2= PTEE (poly
(tetrafluoroethylene), e.g. Teflon)7} 314 wmlo]=ZE
(sub-micron) T3 ol &2 5 A =Jth PTFE=
@ §ANTE 7HA A oA ILDAMD A &2 v
< FE3tA7] Wil 71°3E 8% PTFE-like ¥}e}
£ g3 A 3R 71EE ITrEHAT

UV-enhanced chemical vapor deposition (CVD)¥ ©]
PTEE dtete] Aol AFE-E &= Q131%19 DLI (direct
liquid injection) & HEE(Teflon) AF BHE&
Aed AHEH AT, 04%2] EHZE AF £94-2 o
{3t A3 B ZE AF 99 | MHzo A 2.19]
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Conventional Approach Single Damascens
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Fig. 2. Interconnect fabrication schemes'?.

2459 e 249-3- 2 (intrinsic stress)S {2
o, S350 UVEALE 2 & 80 MPacll
A] 28 MPaZ ZAAZ T,

PECVDS} 242 Zet=vtE ALg-3he o] AHE
2 ¢ g, o] e AN A 38 27}
w8stx] oFZ B84 (insoluble)©] ™ 7t (cross-
linked) o] dojZt} o] WS F3td FAH
252 “amorphous fluorinated carbon” 2.2 £ A
] “a.CF¢] 7|52 FHA}

Tetrafluoromethane  (CF,)?",  hexafluoroethane
(C,Fe)*™, hexafluoropropene (C3Fs)™, perfluorocy-
clobutane (C,Fg)?*, tetrafluoroethane (C,H,Fy) *%9,
difluoromethane  (CH,F,)™,  chlorodifluoromethane
(CHCIF,)®, hexafluoropropene oxide (CiFs0) 279,
pentafluorostyrene  (C¢Fs-CH=CH,)*), perfluoroallyl-
benzene (CeFs-CF-CF=CF,)*®, hexafluorobenzene
(CsFe)*™?Y, tetrafluorobenzene (Ce¢HoF4)'*", octafluo-
rotoluene'? 28 32 perfluorodekaline'?3} 72 B2
279 E43F FEE] a-CFE 537 A%
A7A (precursonF AME-H o] $ith a-C:F A
2 AFA B2 277 FHge wet Skt
deA ot

£ 2 2 7} 2 (Fluorocarbon) 9+ A2

H o
TG

g

e E

(Si0y) 71 He] HAFo] X Eato] o w=
%3z 20| ¥t (delamination)’} dojyt7| = gt
o EAPL FREIE vk S8 Ao
CH,Z FFA 8lo] =272 (hydrocarbon) 22
71ghol| WA FH3) Fo2HN o= F& HAE
AT,

6.7138 A= M=

7h29 AT E =D A
v 5237} ROl FAadT
A-f-8ZHK(free space)oltt 718&

AL T2 W0l F =t o]t ofelTo]
ule-S F 7 fluorenyl S ¥ 7] 25 (bulky group)S
o] 8-3te] E7 YU % (packing density)= HAA 7] A}
S 53(free volume) S Z 7417 ol A8 57
T Aok AAE o] g Wo] g9st drk= Bl
10nm Y E 2= 71 (pore)ES i3k AF |
U= (foamed films)S F3te] S AT A& A
HE(810,) & 7] A (matrix) & 3= aerogel T xero-
geldl A% 7132 =7 90%d o FA4F7 A9 1
o ¥tk RAo] BaEJPeP,

B2 73S 471 YsiM e B 7o &4
7} A Ao okgt oy, 2} SR AT AA=
ARAAE oJE T O ol fE Z1FEVE M E T EA
Z) A (incorporation) &7] W&ot} ojuj v o=
WA 7R 23 SAY 84 9] F71E 71X (matrix)
o Folr 7|X WH-& gitetA €t go] 55
A 93 ggo] /A FEE HA THE T
e AL w9 o

250 nm ©13te] A& Zte T2 AHEH7)
A3 9ALE A3 A8A 71 F AEL v
Al 10nm Bt} Folof &, F& A7 £¥2E 2
FAZ ] BEE st oo} 3l A= AA(incor-
poration)=| %] Zolof gt

4 ZulE2$ WHo] IBM Almaden Research
Centero| A 7NLHALE o] WP BEFFTFTHA
(blockcopolymer)2] “3+-2|(phase separation)& ©]&
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Table 5. Dielectric constants and other physical properties of polyimide nanofoams™.

Polymer Porosity (%) ?lerl:ztamntc TensieG;; (;du]us Stress (MPa)  Water uptake (%)
PMDA-3FDAm - 2.85 2.7 46 3.0
PMDA-3FDAm 18 2.35 1.65 25 2.8
6FXDA-6FDAm - 2.55 3t 29
6FXDA-6FDAmM 14 225 28 2.7
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Fig. 3. Generation of nanoporous polymers'?,
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