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B 1. 20HA Ped &K i 275 = dMEe Jls

AAE 7E Tl AfAE gele R el
N . 4% Logic LSI - 4% Logic LSI - DRAM capacitor 7%
S8 Device | oz i 3z ETE e 247 memory (FeRAM)
- bulkell 77+ T A gk -gto g9l oA - 2o 43, s5h8 A
LTHE A% - A&4/step coverage . %’-*é (contact hole) - 2] 7134
« Cuoll t§3t 948t barriertt - gy, G - LSI process 9] 334
- Cud® process/CVDH - HAFAEE A7 CVDY A YY)
sputter/plating] - Spin coatingy} MOCVDH/ Sol—gel¥l/sputter
Al B8 | plating® #elr)E c EAFEA(ZERD) - Etching 7Fg 7%
Process @ 4] | - Cu & AQ7& - Dry etching”]& - AFFENYAAIE
-Cu 342% Hrhis - Photo resist ashing 7|% cAFEEIEI S
s seed® A%  ZF AN 8- E 7 passivation® 7)€

B} 2. Iinterconnection Technology Requirements from
ITRS (2002 revised)

Year of First Product |y 9002 2003 | 2004| 2005 | 2006 2007
Shipment

DRAM Half Pitch (nm) | 130 | 115|100 | 90 | 80 | 70
MPU Half Pitch (am) | 150 { 130 | 107 | 90 | 80 | 70
Number of metal levels | 8 8 81 9 1010 §
Interlevel metal bulk '»"
(minimum expected)~| <2.7 [ <2.71<2.7| 24| <24 | <24
dielectric constant (k)
Interlevel metal effec— .
tive (minimum expec—{3.0~13.0~ (3.0~ |2.6~|2.6~|2.6~ @& |
ted)-dielectric const-| 3.6| 3.6] 3.6 3.1| 3.1| 3.1f

ant (k)
Total Interconnect Len—
P o
gth{m/cm®) active —ac—
O 1. WERH AKX T2 ISHiM(ZZIEETIS K| five wiring only, ex— 4086{4843|5788|687919068 | 10022| 11169
gt AEH). cluding glove level
I:l —Solutions exist. —Solutions being pursued.

of WEHI, dR: WA TAARYS o 3 honown soutons
A

7t olReiA T Qi Aol Baoie v

RN AEHAY NUHE AR B A2 2w 5 AR g TAADY (1) 1
24 nRA ARl chete] gol v, £3 9 AZRRY b5, (5) WEA Ade) §2
But 7 YTAHY S& B 4 vk 434

2. SR SRHM SHOMS MRME 7 RFolol ¢ 4 54 2@ Aoz Holx
WEel 278y F2ulEAY $HH ABE 425 THA exo

N 2E Y RARL, £AFHA GeEL
A40E AR FAEE HTHOR W 9 2B s okl AzkE Askte) AT (120

qAE 4 2FHE FAASFE JHA ok sy, o) mW/emC) o] SHs = Ao a3 =, 25 w3}
9 tEo] AEH A FHE TANN 27y o e #4g gyl st e ARIAS
T SAES WEAAC @tk (1) ¥4, AVF, (K10 ppm/C) & 7FA ok &tk A/AE A8 A
ZIAR ez A B4, (2) S5MAFTA FHo 713 BALoRE AR dudgte] A& At
st & Aggle) 75‘.%“3, (3) A%, 47, 387 st §AbeR SRS (charge—trapping) 543
Al vt (chemical mechanical polishing, CMP) o] ytolo} Bt} T2 AE 9l AFyHYozE= A
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B 3. Requirements for Low & Materials

Fitm properties

« Dielectric constant:

- Bulk: #¢2.5-3.0

- Effective: £<3.0

o Thermal stability:

+ High thermal conductivity

+ 72400 T, stable above 425 T for
short periods

+ Low expansion

o Electrical properties:

- High reliability

- Leakage current'similar to Si0,

- Breakdown field'similar to Si0,

- Dissipation factor:<0.01

» Low charge trapping

« Film composition:

- Low film siress

- >2 mm thick cracking threshold

Manufacturing
« Integration
» Good adhesion to metals (Ta, TaN,
TiN, Cu), oxides/ nitrides
+ CMP compatible
» Minimize need for liner/capping
films
- Eich selectivity to nitrides, oxides,
oxynitrides
» 0 ash /solvent compatible
» Avoid CZH(;, Cng (CVD)
+ Avoid toxic solvents (spin—on
dielectrics)
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B 4. Summary of Properties of Low & Materials for ULSI Interconnects

Dielectric Water Stress Gap— Cure Weight
Compound constant 7. (T) RI absorption filing temp. loss
(%) (MPa) (um) {9) (wt%)
Poly (arylene ether) 2.4~3.0 290 0.15 425 <1.0
Poly(arylene ether 2.6~3.0 170~200
oxazole) Ty=450
Fluorinated
poly (arylene ether)
(FLARE®) 2.4~27 175~265 0.2~1 30~50( 0.1~0.8 450 0.5
Parylene N 2.6 T2>390 0.01 40 <0.15 450
Parylene F 2.4 74=530 <0.15
Parylene AF4 2.2 Tm=510 1.548 100 0.18 |420~450 0.5
Polyimide 3.2~36 >350 0.5~3.0 5~40
Fluorinated
polyimide 2.6~2.8 >350 1.5 425 <0.1
Poly (naphthalene) N 2.4 T4>570 570
Poly (naphthalene) F 2.2 T4>590
Bisbenzo (cyclobutane) 2.6~28 T4 >350 0.23 85 <1 250 ~1
Perfluorocyclobutane 2.4 400 0.2 40 <0.25 380 ~1.0
PTFE (Teflon®) 1.9 T2>250~300 <0.01 25~27 400 4~60
Poly (phenyl quinoxaline) 2.8 365 450
Poly (quinoline)/
bismaleimide 2.9~3.1 280~300 280 2~3
Poly (benzoxazole) 2.8 300 350
Polyindane 2.6 T4>450
Poly (norborene) 2.4~2.6 >350 ~0 450 5
Hybride polyimide
Silsesquioxane <3 Tm >250 1.58 0 30~40 <0.1 450 6
Xerogel/areogel 1.1~25 N/A 0.1 300~400
Hydrogensilsesquioxane 2.9 >500 1.37 1.5 -130 0.1 350~450 <3
Si0s 3.8~4.2 >800 1.46 0 =700 <0.35 | notissue | None

G WG -
oato-ol -
ort0-0,

8| 2. Synthesis of polyimide thin films takes place
in two steps.

poly (amic acid) &} 300~400 Telx Ad a4 2
o|u|=3}7 polyimide &-& A s}
3.1.2 Fluorinated Polyimide

F43Q! polyimidet $-3A47} 3.2~3.6% IMD
fo07 ARgsP|olE o HE HolojM B4 %3
o 9% fAdse Askh Ax=HA a8 39

LEXED 7l A 14 ¥ 1 F 20039 29

TFMOB

218! 3. Monomers lead to rigid fluorinated polyim—
ides.

d#ZFA 52 =% (CPMDA/BPDA/TFMOB/ODA)
o &Jsto] 734 polyimided B/dste] 1@ 42 &

51



8 4. Monomers lead to more flexible fluorinated
polyimides.

o oo p-o%-q [0

28l 5. Highly rigid structure of a promising fluori—
nated polyimide.

22 2% (PMDA/6FDA/TFMOB/ODA) 94 4
polyimideE @A "t} 433 fluorinated poly—
imideE< A4 72§ zZed I8 57 dEFAU
olojt. o] ;ALY FHNGE 2.6~ 2.80]H, R
Hol@Ee 7,>350 Tol ~1% AT F&4ol
Aot T2l 2F <bggel Hojurd (425 Tl
A A 0.1% viske] £A4 £4).

3.1.3 Poly(benzoxazoie)

Poly (benzoxazole) (PBO)+= bis (0—aminophe—
nols) #} diacid chloride®] %3 wk-g-o & A
ZEo. 2% PBOT #7] & $84 £494 &
4ol 2Y2ZE o]y IRAEL ZEYH §

B2 sAdeTA §4 L"F:: 2.6~3.09] ¥
olt}. ytE2EA7171 ¢l PBOE polyimide?t H
nE B o Eﬂ FE FAATE 7PV olig @
S FRANFE A7) AT B2 a3F0)R] Yk

{o

Non-— ﬂuormated PBO2 Z&EdAAN F2 HE
e A A B 28" PBOY HEA
2 A FAAE AMgstd sdgn 18R 4
of olml= 3, o}u|=7] a8)3 d¥27)E x3
3= PBOT &2 93 oA, £2 7iAR 44
B @ FANSFES Yehdn 0

3.1.4 Poly(phenyl quinoxaline)

Poly (phenyl quinoxaline) (PPQ)& wi$ %
3t m—cresol¥} & fuloA] HIGEE HEZAE
I WS gEgeh 7P-J EFY WSO E AF
2 EH7H ol w F BaEg ARk o
g PPQ |99 AxE ¢ 2} PPQY 33

8 6. Chemical structure of poly(phenyl quinoxa—
line).

T I8 68 2t} olg} & PPQE ¥ ] %01]

A1 500 Telx Fal=Eln freldoless [
oltt. 1% 7H9 FF/de] ¥

Ao 2.8 Axolt)

3.1.5 Poly{quinoline)

Poly (quinoline) & & EA}e) RFof| 43hy
4.4’—bis(2—aminobenzoyl) biphenyl ether®} o
9] diacetyl® diphenacetyl?d] W& ka2
2el 49t Poly (quinoline) & FHold 4
2 AR} eH438 ZFR A 9le] 300 TollA 1004
7t Fols A A £4o] geg HoFEnhP
s poly(quinoline) 2 2 FF24 1IN 7}X]
I 8lol B2 AR R wE & fEldel:
(7,9 @H": 250~420 C, T 450~550 C)
9 v EAES ®t) Poly (phenyl qui—
noxaline) 8] A-¢+ §3=7t FAZF Hedl ot
b v 53 Gl m—cresolo] AHEE A
SviE FQ3r] wiFojr}

3.1.6 Poly(arylene ether oxazole)

200 ColAM N.N—dimethylpropylene urea©
So] 912 WEZ bisphenol® oxazole F54 7t
of AHAY HFFANEE FAIT. AT E
&A] AT 2E7] ez FAE ko] 2.6
~2.8 ©]c}® Poly (arylene ether oxazole) & 450 C
oA <F¥slir 205 CTolM 7,5 Jehid, 7}@
¥ NMP¢ DMAc¥ 22 le"r 3 gl F
LI EE Bk
3.1.7 Poly{arylene ether) (PAE)

T, 2 290 Tolu 425 TollA 2x]7ke) Ao
dAge] % FA &4 1280 Jgi B
Hojd Axg o7 Aol b7 gANS
B 2494 .07 2 HLEQ%Q‘/]’ =4 Eo] 1.67
FAAEsE 3.0 BE ORY F A0E FHH
o AEE, s /&ﬂ‘l}, o5 ate] Hago)

Fab Gy S4do] 48tk 283 vk
Fol & 7148 BAS Hoh iy ofF 7R
metal—insulator—metal (MIM) FZf4 2] #3444

wREE oM %ﬂ
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3237 HEHA Asio. 8 740 3Tz
YRSt
3.1.8 Fluorinated Poly(arylene ether)

olf FEAEL 0.25 ym F ©15H) KEEA
A3 QA polyimided diFsle] ALt 4
AL polyimide (7> 350 )& vlm=X
2.4 AR 32 F34E 7R 9l Poly (ary—
lene ether)® & 7o 3 43F A4S »}

s

_‘

S

oz LEFllE 22 /A JEF et

Allied SignalAtelld] B2 AT e f
7}x|& FLARE® (fluorinated poly (arylene ether))
2 Azsto] Bxah B FLARE®S = A
7F >2.5% £ @AY 549 HAY Fo g
ATE AR FHE A Ax A FE594E IMD
ANEF Zgo] 7, Fluorinated poly (arylene
ether) & 3= diolin® decafluorobiphenyl®]
E3atZo] oste] FAHEYG (a8 8).
3.2 EESlpAA TEX|

WEEY TREAELS o|uvt FEE F
£ ZAFo] Utk F&ol AF fHs] A
HjA k7] At WS
ojty, gslgaAy g3l EAA aRAEANNE
Aol 7hssith Bag F4T XFE nEAES
A9 0% F& THEE el F 3leq I o=
Zgdgd (4=2.3) B+ ZgAEd (k=2.6)%
o] W fAMrE Ze AEE E F Joy
A ghgAde] Aoz IMD AEEAQ Algol
AgtAct, wEbd Joldoz 43 NS g @
Sk aA %A ABE poly (norbornene) 3 poly—
indaneel| tislo] LopE ),
3.2.1 Polyindane

Polyindane< diisopropenylbenzene X+ ¥

P —
A5

38 7. Structure of nonfluorinated poly(arylene
ether) (PAE).

FE F FF F
F FF F F FF F n
& 8. Structure of fluorinated poly{arylene ether).

DXt JiE A 14 ¥ 1 3 20039 2€

A gAY gole FEOoR AT o
S 3EAE 420 Co #

e EAE AT fAbE 2
oAl HA EHET A& HeE dols Hel
3 AExE3e] ks A4S 5 gl

3.2.2 Poly(norbornene)

Poly (norbornene) & ol & F3M cy—
clic olefin norbornene 2 2% wrE™ 73} poly—
cyclic 725 7Rt (A8 9). d&8) 25+ 435 T
oln] T,+ 365 Colt}. &hdla F4o 71t
E5E 9 @ 0.1% "Rnor SAASTE
2.20)0h.% ©adt F2E MM 1% vwe F
< A4S ZAT dHATE 50-72 pp/CTE
w2 Holm V)@ HAEAGo] 2 9}
33 EBSIEAH DRX}

&4 AEE 7HeH EaA aEAER dwtE
22 FFA0) 9 e F2 FAdF (k<2 E
vepdt) e €3 g BEAE AWNE B
A 222 A4 1M IMD ABEAMY FH
o] Agtgct kX% 300~350 T T 2%
zZte FEATEAAE AEs] e ARE B
F 9tk & AFEY QA E fluoroalkyl AFSES
hydrophobic/lipophobic 4&E& Zt1 o] BE
71879 FaAdol AlHe 5E4& e oA
2 7|3 Eet=v 29AEY J)AY 2aXEE
B3t g A § Qo) d3tEaA o
2] @i AsE Add ez AN 3234 poly
(tetrafluoroethylene) 2 25 Collx ===l 327 T
7H) *EF 99 3% JE BASHA 2ok 130l

by AL

w

A
&
=
=

Norbormene Poly(norbornena)

8 9. Poly(norbornene) derived from cyclic olefine
norbornene.
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.3.1 Poly(tetrafluoroethylene)
BEE FAAE7E 1.92 7 92 22 A AE
= Teflon® 2 wo] dadzch oyt
g Ago] £ ¢rol 250—350 TollAe ¥
’d2. 2 ULSIS] BEOL 33 & go] dA=R of
Aot T3t 387 AZF Anlel gt 74
dE7b 4 &2 AAojrh olEd 7147 EA
gslEa AMEe] 7t E Bek @A a9l
Aoz opget?
3.3.2 Teflon AF

Teflon AF+ tetrafluoroethylene® 2,2—bis (tri—
fluoro—methyl) ~4,5—difluoro dioxole2] ®}AZA
ETHoIY a8 10). )AL AP EHA 3
sr\pza oz w vtk gAo] shsath M §
@)buf—tf 1901 feEldol2EE 160 Colut Teflon
Z GR#E 360 ToA Ajg)
°] &4 'é% Teflon AF2] RWt=A F3A &l 4

»

g
=
s
tTJ

[¢]

(N
oy 2

o rlo 2 W o9 pe
Y

333 Poly(naphthalene)F
T3 2.29 Wi B2 FHATE MR B
AR TR FolA 7 Hold 43 A
7H IR AAR7)A 590 TR &
e A 1A AFAQ 1,2-diethynyl-
tetrafluorobenzene® hot wall CVD HH o =2
poly (naphthalene) F& &3ty I FZ&= 18
13 2o F2g g2 282 foe] B8A4S
Bttt o] 3EA} AFolA FoF FAl= paryl-
ene AF9} poly (naphthalene)N2| Z-$-¢F o] 9g
9 F&7do)th
3.3.4 Parylene AF4

Poly (p —xylene) 8] €3} AR (parylene AF4Z
2g) = Fer|adEa FF 07 20-40 mtorrd
AdoA tetrafluoro—p—xylylened AL (=13 T)
FEor A 1 P> I8 129 2k Paryl-

CF, CF,

o o 0

@& 10. Structure of Teflon AF.

ene AF4& 2.28] FA4FE 71 31 dES
= 22297904 530 € A=A Yojder?
34 R71-27] EdN=
3.4.1 Divinylsiloxane-benzocyclobutene
Divinylsiloxane—benzocyclobutane (DVS—BCB)
Dow ChemicalAtel Al 7Awrst 2r]—97] Bgt
Folth. DVS-BCB @Al [4+2] 83 ¥
Hi-g-oflA benzocyclobutene 1#] ¢} WFE <=
—t— 2% A% TFHGQ 130 £ 2+ 1
3 #7t vk 7HRE ol vedH olfe B
E g3dE 2709 2% d¥3 2719 benzocy—
clobutene 118]E ¥£&&ta 917] wWEo|u}t. DVS—
BCB A% =
zole) 9] GEEFTEANE FEE

¢

QoA polyimide =& oly (benzoxa—

_ABI—)\-} = ;é]_

n
F F
FF

8! 11. Structure of poly(naphthalene)F.

Ot em O &=
2%

100 C 50 T
100 mTorr
. - O+
F
Solld Dimer d F
1,1,2,2,8,9,10,10,-Octafiuoro- Gaseous Dimer
(2.2} parscyciophane

i
O
O i

Parytens AF¢

—
]
<
"0 —n

8l 12. Synthesis of parylene AF4 by CVD tech—
nigue.

c"s
SI—O—?I
CH,

218! 13. Divinylsiloaxane—benzocyclobutene (DVS—-
BCB) monomer.
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DVS-BCB =& H|FFolw ZHztgd A-fof 2.7
A5 o GHAANEFE =t}
3.4.2 Hydro-2} Alkylsilesquioxane
0-Si—-0 F#H2 zr& siloxane A AFAE F
7} AREAE BEA FAAA s Atsige &
Az A o2 5 i e Ajzo|th Poly—
siloxaned] 7]A1% 43 FHAo] w¢ Fouy si-
1oxane4 Aee AA7] 43 FEo] gl 2het
< €71 WS AR o] oH {Rds 9Al I
3] 2] ¢k2 HAold, ojg} 72 siloxane T2 &
a2 EE YEZE Fetd Al 729 silse—
squioxaned AA Hu} old £ TEAE tri-
alkoxysilane (HSi(OR)3) % g2 & 4 3l
o oeE A3 ¥ AR 9 B2 FRES
vepdIch? euld © & Si0ssRye (R=H, CHs) T
ZE zt3 9l¥ hydrogensilesquioxane (HSQ) 2}
methylsilesquioxane (MSQ)& Z+z+9) Az&Z
Az 3708 A Al 4 B @A) 179}
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2 3219 NtudTEE 94 dok BE A3
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He7|Z X8t Alte] Fx229 MSQE 88 F
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ojgtoll = EalEA ek
3.5 12Xt 0jA CI3Y N|ME M=
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