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B 1.

b

IEH A X JHEo 27EE MR} Il

AAE 7% TEEarE AR g wep)s A e s
28 Device . I’Jﬁé% Logic LSI + 4% Logic LSI - DRAM capacitor 1-%
S - O wjd - A4 memory (FeRAM)
- bulkell 7R 1f AT - uto 2 A9 HgA -] 9A ghekA HgA
Q7EE A - A}&-4/step coverage - 7}843 (contact hole) - uko] 7h3d
- Cudll 3t %3 barrierth R B e N - LSI process -9 A
- Cud® process/CVDH - HIAGAEE P471% CVDH R RAARN A7
sputterl/plating®] - Spin coating¥] MOCVDH/ Sol—gel®¥/sputtert
gt Q3 | plating® #e)7)e - BAFIA (A - Etching 7V 71&
Process @ #H] | -Cu € AH71& - Dry etching”]%& - AEFEuE AT e
. Cu IR HrV|e - Photo resist ashing 7]% B REeel g e
Cu"t$ seed® dA7)& - 74 A A 98-S passivation ™ 714

H 2. Interconnection Technology Requirements from
ITRS (2002 revised)

Year of First Product
Shipment

DRAM Half Pitch (nm) | 130 | 115 | 100 | 90 | 80 | 70 | 65
MPU Half Pitch (nm) | 150 | 130 | 107 | 90 | 80 | 70 | 65
Number of metal levels | 8 8 81 9 |10 | 10 | 10
Interlevel metal bulk
(minimum expected) —| <2.7 | <2.7 [ <2.7 | <2.4 | <2.4 | <2.4
dielectric constant (k)
Interlevel metal effec—
tive (minimum expec—|3.0~(3.0~{3.0~[2.6~[2.6~|2.6~
ted) —dielectric const=| 3.6 3.6| 3.6] 3.1| 3.1| 31
ant (k)

Total Interconnect Len—
gth(m/cm?) active -ac—
tive wiring only, ex—
cluding glove level

2001|2002 | 2003|2004 | 2005 | 2006 | 2007

40864843|5788(6879 9068 | 10022[ 11169

I:' =Solutions exist. —Solutions being pursued.

o] WryEE T, AR= wiwH ZAAITA] ek B -l —No known solutions.

7E7F o] FoAA| AL Sl Adetolt). el = WA

M AZEHAY ZdE s ARdE Bt AR aEa F5 dAPed dig 3P, ) s
24 22 gl thste] ol ok L3t 9l A7iste] 7hsAd, (5) WEEA| ke &
TEEY 1 YFAEY 5= 5 5 Ak /A
2. BN S5HM SHUMe MFdE 7} Zkgojof & A 549 Fag Aow AHojx
Mze 4154 S T AT 425 T7HA Q] ke
A 24 bAE FASAL, 2AEEA AN ES
AfdE AR $448s d32oR 517] 9 AgkstA| s17] flste] Al Alshke] dHde (12.0
M= ¢ eTHe AT E THA ok Bk, o] mW/ecmC) el 248k Zlo] e7¥H, &5 W3
oF tlEo] ARd SAS dddE FAHNA o of g #2a Qlel7] flsho] w2 jﬁ’é}?ﬂfr
T SAES USAACk iﬁ}i (1) 27, Ad714, (<10 ppm/C) & 7FA ok ek AFdE A= d
717417“ o Age =4, A S ol o 714 5o rs AR g dgto] A Ak
S vk AlEetke] ﬁ%“é, (3) A, A7, sk stekah fAbskaL Adekis (charge—trapping) 573
A4 4w} (chemical mechanical polishing, CMP) o] yolof sttt thE ARt HPdorE: HE
DEXE Jls Al 14 91 & 20039 2¥ 49



o] $5aka FAPF 45 M0 EEA
3] og gAY AHY AsE e
Sl Fgol slojob #k welEy AR
LA 2ER CMPEAA QrkEgAel 4
wojof gk wak FEuA 7He) AL 91 wlo}
£ (via hole) 4NN o5 £ 45 o

=

o
ste] NZPHAES A A2 T FYA AAT
Ao shirgel @ AfAE AR & E
Mol glolok @tk 1o FEFUE (inter—

B4o] $5aok @tk AFAe FWow ARA
& AR G el NAETHS g
A% F54 7k AHEEA RS stolof At
E 3 AfA% Ansel de 275492 49

IMD AME2A nEAE= a4 SdRYg I
ZEo] Zh e B tidt A7 $AHeR
Q79T 1R AmEe] Kol vlEHA 44,
A718 2ol 71AA A-o] AfHE AREAC]
F840 EAFeRE FA4E7] oty Mg &
S AfAdE A B 39 Uehd o 71A B4
158 TF5A7 ok stk 21 A2 9771 ¢l
th IMD AsZA @A A5E AMEH] 95k

N

H 3. Requirements for Low k& Materials

Film properties
o Dielectric constant:
+ Bulk: £<2.5-3.0
» Effective: £<3.0
o Thermal stability: + CMP compatible
+ High thermal conductivity * Minimize need for liner/capping
+ 72400 T, stable above 425 C for | films
short periods + Etch selectivity to nitrides, oxides,
+ Low expansion oxynitrides
o Electrical properties: + 0y ash /solvent compatible
- High reliability + Avoid CoHg, C3Hg (CVD)
+ Leakage current:similar to Si0, + Avoid toxic solvents (spin—on
+ Breakdown field:similar to Si0, dielectrics)
+ Dissipation factor:<0.01
+ Low charge trapping
o Film composition:
+ Low film stress
+ >2 mm thick cracking threshold

Manufacturing

o Integration

* Good adhesion to metals (Ta, TaN,
TiN, Cu), oxides/ nitrides

M= b Fej e wksolok sh=wl, wiebske] W
SRz A A SAE ARshs BAE
s s or add = ook A F 7HA
Wl g %25 7heA Fatar glov, 1zl
Age] ey vEA Az Mg FAZ o
7oA =8 e e ohdth B 4= IMD F
HEA A =

b
o
&

zoxazole), poly (arylene ether oxazole), poly (phenyl
quinoxaline), poly (quinoline), poly (arylene ether
thiazole) 52 12 AL 7K LEAe] o
olct. W el WA Aol 2 45

LY
FHES dod e = &S AA ST
7], olFHES udAel A=A S T
e e = i e e B AT LR i
7HA] ol gt AdE Este] AfdE ARE W
T AEZE A9 9l gl

3.1.1 Polyimide
zgjEen] PR tHFo)A= polyimide 1980
W 27158 REeA Alx7del 2857 A st
o AAE AFHdE Aaz A ATEH
P EEEA, FRAAY wsA, AedlA e
3 kg, AR 183 §99 H4 52 poly—
b A4S Algtete Q4s0] |
oo mEA S0 4 el 98 polyimide
£ 25 Bt & FAATE 7Y 44 94
o] Hojuba (7,>450 C), 200~350 C ¥
FEHo|EE 7Y, QWA e ARdE
Aol vlte] vlwA vk ks 7EXITh Poly—
imide?] o]42 dntx o7 EEPHY EE8A4
S MRS = At dEy AL A ALE o
o 57} AstE7|E gt} Polyimide ®HEbo)
32 2T AR o]FoXit (OB 2). A =ANA
poly (amic acid)¥= 2204 dianhydride®} dia—
mine? WkE-ol & A Zw = olw wakA B
Y BEREAL WoAE HF whgo] dojdt
FA= N—methylpyrrolidone (NMP)

[r 32

oo

iu
ox
oX,
b e
=

g2 A S WA Sllel etk o]
2b FME 7)ol ARSI ALGEE WAlolA
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H 4. Summary of Properties of Low A Materials for ULSI Interconnects

Dielectric Water Stress Gap— Cure Weight
Compound 7, (0) RI absorption filling temp. loss
constant (%) (MPa) (um) (0) (Wt%)
Poly (arylene ether) 2.4~3.0 290 0.15 425 <1.0
Poly (arylene ether 2.6~3.0 170~200
oxazole) T4=450
Fluorinated
poly (arylene ether)
(FLARE®) 2.4~2.7 175~265 0.2~1 30~50| 0.1~0.8 450 0.5
Parylene N 2.6 74>390 0.01 40 <0.15 450
Parylene F 2.4 T4=530 <0.15
Parylene AF4 2.2 7,=510 1.548 100 0.18 [420~450 0.5
Polyimide 3.2~3.6 >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) 2.6~2.8 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) 24~2.6 >350 ~0 450 5
Hybride polyimide
Silsesquioxane <3 T >250 1.58 0 30~40 0.1 450 6
Xerogel/areogel 1.1~2.5 N/A 0.1 300~400
Hydrogensilsesquioxane 2.9 >500 1.37 <1.5 -130 <0.1 350~450 <3
SiOy 3.8~4.2 >800 1.46 0 =700 <0.35 | notissue | None

oot - «O--0~—
[30° 0500 —
o040+

8! 2. Synthesis of polyimide thin films takes place

in two steps.

poly (amic acid) ®] 300~400 ColA Hz}2A 2

olu|=3}Z polyimide

ulo.
=

3.1.2 Fluorinated Polyimide

EA1AQ

B4 det.

JAQl polyimides 847} 3.2~3.62 IMD

802 AgEIo:
Fdae) As Amsgiek’ 28 39

k!

DEXAEL J|E

A S HololN i A

EED A

Al 14 A1 & 20039 2¢

3}

gl

8 3. Monomers lead to rigid fluorinated polyim—

ides.

Gk 59 %3 (CPMDA/BPDA/TEMOB/ODA)

2

I elate] 73y

polyimide® A5t 8 49 &




2! 4. Monomers lead to more flexible fluorinated
polyimides.

o oo 624 [0

J18! 5. Highly rigid structure of a promising fluori—
nated polyimide.

A 23 (PMDA/6FDA/TFMOB/ODA) o4 143
polyimideE 4A @t} 543t fluorinated poly—
imides<2 A T+x8 zt=d 8 571 gxdQl
oflojtt, o] TREALS] YT E 2.6~ 2.801H, FF
Aol 7,>350 TColal ~1% FAE SH4do]
ATt aElar g3 Aol Hojuth (425 Tell
A AP 0.1% wske] FA 4.

3.1.3 Poly(benzoxazole)

Poly (benzoxazole) (PBO)+= bis(o—aminophe—
nols) #} diacid chloride®] %3 ¥h-g- 3] A
ZHth 1S PBOE 7] 52 784 &9 &
LAolth I8P R o] yEAES TyEYH g
B2 |HdEIAY A8 2.6~3.09 B

olt}. ZlE2E247]17F ¢l PBO+ polyimide®} H]
w3 & o o @2 FANTE SHAY ojm v
< FANTE 7] Sst BAsle
Non—fluorinated PBO2 S&3EWolA =2 Hat
e 7Rk g B4 X389 PBOY HEA
< J2 FAAE AHgsHE A" 132 AE 4
| olvlE 3E, otv|Er] a3 YEZ27]E E3
» PBOL o dA A L 7AA HA

g, T B
e ‘%— FANSFS Yepdin 01
3.1.4 Poly(phenyl quinoxaline)

Poly (phenyl quinoxaline) (PPQ)+ "i-¢ 5
St m—cresol® £ §ulolA WIS HEDAE
7 S HEZGoH 1] FHF v oE Ax
w7 wAgdol L e Bk Zpch” uf
ZA PPQ 99 AEE Wlg v PPQY 38l

2

P

01!
N
PI

Nl

w0l g},

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

JZ2v 8 69t At o9 & PPQE 371
A 500 CellA waf=a f =
ojth. 1% 7HA9] FHAel B skt
Are 2.8 AEo|t),

3.1.5 Poly(quinoline)

Poly (quinoline) & 11-& 1Ex}o] HfFo &3}y
4.4'—bis (2—aminobenzoyl) biphenyl ether$} t}
9] diacetyl®} diphenacetyl®] W3FE ek 2
BE] AELEEM poly (quinoline) & Hojyk o
9 Aks) M-S 7EA AL gle] 300 TellA 1004
P Fom A3 A Eo] gles Holwtht &
poly (quinoline) & ¥ T34 TEAS 714
Aol = AAs e WE H& FEHolEs
(7.9 W9+ 250~420 C, T2 450~550 C)
¢} vEHAd EAES ®elt Poly (phenyl qui—
noxaline) 2] 9% 3|27} A7} Hed ok
b vl FE3 Sl m—cresolo] FHEE A
SrlZ desty] wiEoltt.

3.1.6 Poly(arylene ether oxazole)

200 CollAl N, N'-dimethylpropylene urea®l
o] 918 HEEE bisphenol?} oxazole %A 7F
o MM FFEPHSToE IHEAY. FdTE
AA] EIHARE 287 Vol oz FAH Fhol 26

1

™

M

ol q Mgdsti 205 TeollM T, & HLEM%U% 7}“
¥ NMP& DMAc# 22 B4 gulfollA %
L= Bl
3.1.7 Poly(arylene ether) (PAE)

T, 290 Colut 425 TollA 2417k A9

AA ol ot FA £ 1%RT Ao B
Hojd AEr 947 hgAe] ok s
24904 .07 2 HxEoY =88] 1.67
FRASF7E 3.0 T XY F Zlow FHE

A, A Abshet, GFuEe] g2y o]
st wablg Ao -getth 183 vk
o & VAA B4 Btk a2y oA
metal—insulator—metal (MIM) T-Z24 2] 3734

o;ll—mrlr}ﬂj:
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497437} HusA Qokck a8 70l et rzs
vheb gich
3.1.8 Fluorinated Poly(arylene ether)

old MEAEL 0.25 um = °ol8k] HEEA &
257 ol A D01y1m1dee oA sfo] AP%—EJE} =k
QFA) & polyimide (7,> 350 C)¢&} Bl = A|wt
2.4 AES] W 385 7 ek Poly (ary—
lene ether) & l‘jﬁ Tl 23t 44 <kgidS vk

Hor 2rFrtee 2 VAA s dehduh

Allied Signalrtelld €2 P} w2 TS
74+ FLARE® (fluorinated poly (arylene ether))
2 Azsto] BErE Y FLARE® & 444
7F >25% £& WApE 549 F2Y Tl g
AsE AR EHE JEA Az Al S5 48 IMD
A5 =2 Z-go] 7=t} Fluorinated poly (arylene
ether)2 "W3ak=Z diolin¥ decafluorobiphenyl®]
gl gJsto] FAHET (OB 8).

l

ojt}. &l aAY 'heHEAA A EAFEA = 9]
7o) 7Vssit) ga9 Favt x3E nRAEL
A8 0% & TH=s UEhd 4 9oy 1 o=
Zalddal (k=2.3) &= ZgAgHA (k=2.6)9}
o] v FANTE 2t ZHE% 5 4 9oy

4 ]F
}\]]z:sl_%]:} g]./q M—LHX% o7 Oﬂx4 g_}x%ﬂ& g%:
SraAdl 182 QB E poly (norbornene) ¥ poly —
indane®l djsto] o}t
3.2.1 Polyindane

Polyindane< diisopropenylbenzene -+

{-0-o0--{-000-1

8! 7. Structure of nonfluorinated poly(arylene
ether) (PAE).

FF FF
e G o
F FF F
8! 8. Structure of fluorinated poly(arylene ether).
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T AT gE Askdel Q42 fluoroalkyl A
hydrophobic/lipophobic AZE& ztm Qo] RE
7192 Hadol AsfEE Ede etk oA
& 78S Eekrt gAY 74 ZHAYE
Fato] HagE AL g ok gskEaA 1
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7] LEE &89H 3% FJE WASHA "k 19l

L o
_rg

Poly(norbornena)

8! 9. Poly(norbornene) derived from cyclic olefine
norbornene.



%}E% A7 1,982 718 w$e 183 A8
TFE Tt Teflon® = o] <ejglc}h. 18}

o] Ex] ¢o} 250—350 ColA &
% ULSI®] BEOL F3#go] dAjz o
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Aoz oagct
3.3.2 Teflon AF

Teflon AF+= tetrafluoroethylene™} 2,2—bis (tri—
fluoro—methyl) —4,5—difluoro dioxole?] H]&
FTedAeltt A8 10). oA =X g

mlo fo 1 W 24 a2 K

617]Ay_z_zn§ og% uul Ao 7}%3};}_2425 E-3
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AgHE £t
Poly(naphthalene)F
A 2.29 w9 e AT E 7L B
AR A Sl 7 Holdk 4F A
717 a B AAEY7 590 T7HA ¢+
AL GASES 34 DA 1,2—diethynyl—
tetrafluorobenzene® hot wall CVD #{ oz
poly (naphthalene) F& F&sly 1 4%+ 18
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w
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3.
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rUlo rln

13 g 239 sore wE gue] 284S
Bl o] 1EA} AtoA FL3F FA|= paryl—

ene AF$} poly (naphthalene) N2 73¢9} o] 95
9] f-&/dojtt.
3.3.4 Parylene AF4

Poly (p —xylene) 8] &3} A7 (parylene AF4%
=) S A $H o2 20-40 mtorre)
Aeto| A tetrafluoro—p—xylylene?] A& (-13 )
o= A 1 dge a8 129 22k Paryl-

ijr%xfr

CF, CFs

8! 10. Structure of Teflon AF.

ene AF4° 2.29] FATFE 7HA 2 Qo GRS
T AaE9171614 530 T 7é ol o
34 -.-.—7|-—.—7| EMM=
3.4.1 Divinylsiloxane-benzocyclobutene
Divinylsiloxane—benzocyclobutane (DVS—BCB)
< Dow ChemicalAtellA 7fubst §7]—-77] H3
A geltt, DVS—-BCB &&= [4+2] g3t
7} ®WE&o)A] benzocyclobutene 128} HEE-8F
A& 2% AFTS TFHHAB 13).7° 24 2t
g3 71 ¥ 7t E olE] Y olfe
v 9FAE 279 25 A% 2709 benzocy—
clobutene 118]& ¥&star 17| wtoltk, DVS—
BCB 7% <lolA polylmlde o
zole) 8] EEENESAAE FEE

L ST L

= oly (benzoxa—
= By Rz

8 11. Structure of poly(naphthalene)F.

100 mTorr

F_’_@_—-m O+ g
O 2%

F F
Gassous Dimer

O
:>-C>-<: ol pomer

Parylens AF4

F

Solid Dimer

1,1,2,2,8,9,10,10,-Octafluorc-
[2.2,}paracyciophane

ﬂ
3
d
-—0=—n
nm=—0-—mn

718! 12. Synthesis of parylene AF4 by CVD tech—
nique.

J18! 13. Divinylsiloaxane—benzocyclobutene (DVS—
BCB) monomer.
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