1. )
‘ ' , EL, PDP ,
, waveguide
, . per—
, formance
1986
KAIST () 1988 « )
E—Polymer Lab. 1988
1990  KAIST 1994
1996  KAIST « ) 1996 « )
1996 1996
1999
1999
2000
2000

Functional Polymers as Thin Film Electronic Materials

(Jae—Geun Park, Hyun—Dam Jeong, Changho Noh, and Myungsup Jung, E—Polymer Lab.,
Samsung Advanced Institute of Technology, San 14-1, Nongseo-ri, Kiheung—eup, Yongin—shi,
Kyungki—do, Korea)
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D exposure
e Mask

, 2005
optical 50 nm
, 2010
ppt
interconnection
2.
2.1
LSI 3 4
, 4 GDRAM 16
GDRAM 130 nm 100 nm
LSI
1
1
, X
-

1. Technology Roadmap

Year of

first | 1996 | 1999 | 2001 | 2003 | 2006 | 2009
shipment
Bits/chip| 64 | 256 | 1G | 4G | 16G | 64G
Feawre |\ o0 | 1e0 | 150 | 130 | 100 70
size(nm)
( )| 512|208 8192 |32768 131072 [524.288
L'thcr’]gra' | KIF | KiF | KiE | AFF | R2

PY" | (365nm)|(248nm)|(248nm)| (248nm) | (193nm) | (157nm)

positive resist,

negative resist
positive resist

i—line (365 nm) KrF(248 nm)
positive type resist ,
ArF(193 nm) F2(157 nm)

resist

2.2 Novolak — DNQ Resist ( g, i-line Resist )

KrF LCD
i—line PR(365 nm)
. i—=line resist

g—line resist novolak

resin  DNQ (diazo—napthaquinone)
(inhibitor) . DNQ
PAC(photo acid
compound) .
2 novolak resin

Resist
Positive Resist

sub-layer

Negative Resist

Wafer

1. Photoresist

12 5 2001 10
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Ao o coon 256 MDRAM litho—
“‘@—V”z“ Novolac graphy KrF(248 nm) exi—
o on, I TPIOOPOMEE n g mer laser , 100 nm
% Pure novolac P ’4UV device ArF laser
é :\ I,’I/"'Hzo . deep
,g I S ) uv (DUVv) g, i—line novolak—
Novolac DNQ resist DUV
+DNQ R DNQ(Dlazoneg]thoqulnone) . laser
Dissotution Inhibtor g, i—line
Reaction Coordinate
2. i-line resist : CAR (chemically amplified resist) IBM Ito
deep UV
: PR 2 i-line PR
DNQ resist CAR
' 3 2
(wolf rearrangement) . (Photo Acid Genera—
.DNQ tor, PAG) )
resin
100 DNQ
3,000—4,000 100%
. Novolac — DNQ KrF
lithography
novolak—DNQ
i—line photoresist resin absorbance
, PAC KrF, ArF F2
. i—line PR
250 nm device 1) High transparency
. 2) High dry etch resistance
2.3 (Chemically Amplified 3) Good adhesion to substrate
Resist, CAR) 4) Conventional developer
—————— —cci—
I S
O-tx—w+ 7 7 — O wvtw
OH (.I) CHs
=0 OH

HaC

C——CHg

H,C
3. T-BOC type chemically amplificated resist(KrF )
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2.3.1 KrF Photoresist 3) PR
KrF PR 180 nm footing undercut
110 nm
device PR
. i—line novolak— formulation PR
DNQ 248 nm maker know—how
3 poly(p—hydroxy
styrene)(PHST) . KrF PR
PHST t—BOC(t—butoxycar— acid labile
bonyl) acid labile , KrF PR
acetal , carbonate , ester acid labile
hybrid PHST
protected PHST PAG .
. 2.3.2 ArF Photoresist
248 nm ArF PR
PAG acid KrF PR  poly(hydroxy styrene)
labile ArF(193 nm)
base polymer
100% 193 nm
2 etching
alicyclic side chain backbone
34 base resin 2
1) ( ) ArF base resin
56,7
T ArF PR 100 ~70 nm
(T—topping) device , etching ,
2)
PR hard mask
delay (post exposure delay
)
2. ArF
Aoy backone Beratns
N N
Q < O
—owke) (o) i
Base Resin O’C\o@ °¢C\07© o/& %0 %
H3C-CHz HL o 0 HO
’ 4\ Ax YB
Fujitsu, NEC Lucent JSR, Goodrich
cost etching
etching
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2.3.3 F> Photoresist

F> laser PR 157 nm
photon energy(7.9 eV) 193 nm

8
130-180 nm (10 ~7 eV)

valence band electronic

siloxane chemistry
PR

8,10

photoresist photoresist

chemical bonds . . (<
C—H ( bonding energy, 7.5 eV), C=0 (7 eV) 100 nm) ArF  F2PR
bonding C-F(10 eV) bonding
F> laser .
C—F bonding dilution
157 nm 24
acid resist phenol carboxylic lithography tool
4 fluorinated alcohol )
9
3 157 nm 100 nm
. Siloxane(Si—0O bonds) back— ArF  Fz laser photoresist,
bone )
157 nm )
device maker
= v & ¥
Fr JF Ty , , device maker
F3C CFs 0" "o Lry
Fil
OH /N\ 0H
4 F2
3. 157 nm A)
A Tp* (A=0.4)
Polymer () (hm)
Poly(hydrosilsesquioxane) 0.06 6667
Poly(dimethylsiloxane) 1.61 248
Poly(phenylsiloxane) 2.68 149
Fluorocarbon, 100% fluorinated 0.7 571
Hydrofluorocarbon, 30% fluorinated 1.34 298
Partially esterified hydrofluorocarbon, 28% fluorinated 2.6 154
Poly(vinyl alcohol), 99.7% 4.16 96
PMMA 5.69 70
Poly(norbornene) 6.1 66
Poly(vinyl phenol) 6.25 64
Poly(adamantylmethacrylate) 6.73 59
Poly(vinyl naphthalene) 10.6 38

* . 0.4 optical density coating
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3.1

1960

with polymers)

11,12
bonding pad
hole line
lithography
5
positive
12

1975
PMP(planar metallization

wire
100 mMm

negative

negative

10

Conventional
Polyimide Process

Passivation Layer
over Bond Pad 5
Photoresist (ﬁ
Coat & Bake
Expose & Develop ﬁ
Passivation Layer
Etch Passivation Layer H
Remave Photoresist E
Deposit Adhesion
Promoter & Polyimide
Photoresist
Coat & Bake
Expose & Develop
Buffer Layer
Etch Polyimide %
Remove-Adhesion (ﬁ
Promoter & Photoresist
Cure Polyimide H

Passivation Masking with
Photosensitive Polyimide

el==

LEGEND
Palyimide
Passivation [
Resist
Wafer ==

% Deposit Polyimide
Expose &
Devalop Polyimide

ﬁ Cure Polyimide
ﬁ Etch Passivation Layer

5. Nonphotosensitive polyimide vs. photosensitive

polyimide process flows.

negative
positive

QFP, LOC

CSP(chip size packaging)

3.2

Sealing, packaging, die bonding, wire bonding

soldering 200
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4. Applications of Liquid Pl & PSPI For Electronic Devic'

Classification Location Purpose Application
L Surface protection
Buffer coat On the passivation P
S . Relief of mechanical stress|
Passivation Surface of Device
Pr ion . . IC, LSI, VLSI
otectio . . . Prevention of contamination C LSl VLS
Junction coat PN junction
N L Prevention of soft
a —ray shielding| On the passivation .
errors for memory devices|
IC,LSI,VLSI
. . . . Insulation between Multi—chip module
Interlayer dielectric Between wire and wire . . e
wire and wire Thin film thermal
magnetic head

device

mobile 1 ppm

Multi level coverage

450

sodium

13

Die bonding, wire bonding, soldering

crack

EMC, SiN, SiO>

crack
amino silane

648

stress

4 :

buffer coating layer

3.2.1 Buffer Coating
Buffer layer 6

device passivation layer
, 2~10 mm
buffer
layer chip
stress 7
filler stress
device
passivation layer crack alu—
minum
15 Buffer
coating chip
wire
bonding window open
5 100 mm hole line
Mk Figzan i b
Bt Coating e b

6. Cut—away plastic package showing the exposed

polyimide.
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[~

Inkemal siese by shenkags of plasko 1esn

Steong kel atvess on Hhe ahig

Oy L

7. Filler—induced stress.

Snlh Solder

N

Cu Tnd
= Palyimide

Redistribution

Wiring \ -

l\

‘n
Al Bond Pad

Pus=ivation

8. Interlayer Dielectric Application of Polyimide.

3.2.2

CSP(chip size package), WLP(wafer level
package)

. (10~20 mm) ,

device

via—hole ,

3.2.3 Alpha-ray Shielding
DRAM LSlI(large—scale inte—
grated)memory device
o —Ray particle
. o —Ray particle

soft error
uranium

12 5 2001 10

thorium

o —ray particle

7 MeV o —ray particle
30~40 mm
, device design  molding resin
10 nm
15
33
1971 Kerwin Gold—
rick 1
polyamic acid chromium salt
. 1979
Siemens Rubner
et Asahi Chemical,
Du Pont, OCG license
negative positive
negative .
3.3.1 Negative Working System
1)
Siemens backbone
, 9
9
Asahi Chemical, Du Pont,
OCG license
“PIMEL", “Pyralin PD”, “Probimide 300"
14
2)
Toray
649



o o H
I Il
o—

R—

0O
H O
Soluble photosensitive polyimide CH,
precursor Rt= 0CH—CH—O—C—C=CH,

o

OOt é@(a
ﬁ R
Insoluble photocrosslinked chemical

intermediate
curing

Highly heat-resistant polyimide

9. Chemical principle and processing steps of
ester-type photosensitive polyimide.**

\ H C C
HN CH,CH,— (F‘cfchH2

Hscz Csz C‘)

n

10. lonic bonded type photosensitive polyimide
precursors.™

“Photoneece”

10 polyamic acid acryloyl

’
14

3.3.2 Positive Working System

Negative positive

, 2.38 wt% tetramethyl am—
monium hydroxide(TMAH)

( )

A novolak resin
,GL,OOO — photolysis products
)
7
~
£ 1,00 — novolak resin
£ —_—
Q —
= 10 hv
1Y
5
S 1 —
= —_—
[} .
% 0.1 — novolak resin
(a)

diazonaphthoquinone sensitizer

11. Three-level dissolution rate scheme for a
commercial DNQ/novolak resist.

negative
positive line
hole '
negative
dust particle
positive ,
Sumitomo Bakelite, HD micro—
system
. Positive
1) (Dissolution inhibition principle)
positive
i —line photoresist
1 novolak hydroxy
diazonaphtoquinone(DNQ)
blocking
DNQ indencarboxylic acid
DNQ polyamic acid
novolak  hydroxy

polyamic acid
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2) (Chemical amplification type)
KrF photoresist

—
L
&

o o T
RO N;Q—W
JR— ORs
| oH
H O o

l polyamic acid side chain
Q o COOH t—BOC acetal acid—labile
WNMNQW # group (photo acid
Jid 5 oH generator) uv
12. Chemical principle of HD-8000. t—BOC acetal
group
. 14 t—BOC group polyim—
) . 11 N . O / N, ide precursor  deprotection mechanism
wo—{ ) ¢ H—on . o
CFs soluble polyimide hy—
l droxy acid—Ilabile group

uv

COOH L. i
— o NW/Q—W ! ‘ imide ring precursor
e}

13. Chemical principle of Sumotomo Bakelite's

PSPBO.™ 14
Hitachi Chemical Du Pont
Liquid Polyimide HD Mi— . , LCD
crosystems “HD-8000" polyamic
acid 12
methyl ethyl protecting
hydroxy diamine , 1.0 ppm , chip
polyimide precursor DNQ / , /
: «c )
Sumitomo Bakelite
polybenzoxazole(PBO)
PBO “CRC—8000" : ) ()

( 13). PBO precursor o—hydroxy ,
polyamide  NQD ,
photo—
resist

Q CF o
[ £ CHs
C 7/
N ‘ N ¢ + 2C0; + 2CH=C(
/ s CFs CHs
o
o OH

OH |n

\
=0 c=0

—CHg Hsz(‘Ichz

CHy CHy

14. Deprotection reaction of t-BOC protected polyimide procursor.**

n
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device

integration issue

.21 4.2

RC delay
chip
data
interconnection
gate delay
4. interconnection RC
delay 19 15
4.1 device shrink , gate delay
(Lsh RC delay . ,
DRAM ’
RC delay
device shrink ( ) . Interconnection
. (metal line) ,
device shrink (data (insulating layer)
processing speed) RC delay
, MPU(micro—processor (RC—p Kk, p: , ke
unit, )  SoC(system—on-—chip)
device architecture
. Gate
ot (low N(IjFliectrlc constant material, 40 1 — = Al/low-k
, P Al/SiO,
DRAM g 30 1%
= 1
DRAM Folad |
8
10
DRAM
0 1 T T 1 T
2000  IBM 0.1 02 03 04 05 06
Dow Chemical SiLK ASIC Design rule (um)
30 % 15. Design rule RC delay
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5. Roadmap

Year

1999

2002

2005 2008

Feature Size (nm)

180

130 100 70

K ~ 34
Fluorinated Silica Glass

K ~ 3.0-32
ydrogen Silsesquioxane

K ~ 5-3.0
Spin—on organic polymer
Spin—on inorganic dielectric
CVD carbon doped SiO2

|
UL

K ~ 18-23

Xerogel

Surfactant/copolymer

templated SiO2

Fluoropolymer

Porous spin—on organic polymer

Porous spin—on inorganic dielectric
CVD carbon doped SiO2

K< 15
Porous dielectrcs and air gap

L]

Research re

6. 25~30

Development refjuired |

Qualification

(spin-coating)

SiLK (Dow Chemical, 2.6)
BCB (Dow Chemical, 2.7)
FLARE (Honeywell, 2.8)

FOx (Dow Corning HSQ, 3.0)

HOSP (Honeywell MSQ, 2.6)

JSR (LKD-T200, 2.6)
(HSQ—-R7, 2.8)

Parylene (2.5)

Black Diamond (AMT), 2.7 — 3.0)

(CVD) a —C:H(F) (22 — 2.7) CORAL (Novellus, 2.7 —2.8)
). 2.7 MV—cm Al 1.7 roadmap 20
mMAV—cm  Cu
( , low—k) RC delay 3.4 fluorinated silica glass(SiOF)
chip 25—
3.0
, (LSl maker) ( 5 o), (process
device , development)
Cu scheme 2
chip
1.8-23
5 , chip
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@

(b)

SiO2

Low-k

sio, | B o N
—Deposit Al Sio
2 .
o _Anneal Al -Deposit & Cure low-k
_Pattern Al Si -Deposit capping oxide
© (d)
- CMP W
-Pattern via Si0, - Degesit Al
Sio
2 —Deposit W - Al anneal
Si - Pattern line
Si
16. Al integration scheme.
Dow Corning, Dow Chemical, nm
Honeywell , JSR, pore engineering
k extendability CVvD
. 4 2-3 .
scheme 4.3 Integration Issue
chip integration
chemical vapor (integration
deposition (CVD, ) spin—on issue)
C ) . CvD . ,
precursor line 90
30 40 SiO;
process engineer material ,
engineer .

20 (k ex— 16 Al ( ) intercon—
tendability) nection integration scheme
precursor solution ( ) . Al ,

spin—on ( 16 (a),(b)).
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Property

Techniques

Property Requirement
(Rev. 0 target)

Dielectric Constant

CV technique (MIS, MIM dot structure)

Minimum dissiaption factor

Dielectric Breakdown

IV technique ((MIS, MIM dot structure)

Thermal Stability

TGA, TDS, thermal cycling

1 % weight loss in N, (>400 )

Adhesion

Tape pull, modified—edge lift—off

Pass tapev test

— dielectric to dielectric
— metal to dielectric

— dielectric to dielectric

Mechanical Property
(hardness, modulus)

Nanoindenatioon

CTE (in—plane)

Dual bending beam

<50ppm/ @ 200

Stress

Bending beam

—1.0E9 ~ 1.0E9 dyne/cm2

Moisture uptake

Quartz—crystal microbalance, FT—IR

< 1% @ 100% RH

(via)
W ( ) ( 16 (c)).
W
(CMP) Al /
Al interconnection
scheme
(film property requirement)
. Al SiO2
400
CVD SiO;
(stress mismatch)
via
hardness, modulus, toughness
(property re—
quirement) 7
via
(ashing) via
. SiOy
CF4 etchant
SiFs CO;
via
SiO, + CF;, - CO» + SiF,
via etch

process . )

12 5 2001 10

SiO; PR
02 plasma
H-0O ashing dam—
age :
etchant radical
via ash—
ing damage
line

. Cu
integration issue
Al
via

integration scheme

4.4 25-30
90 35 CVD SiOF
3.0 FOx (Dow Corning hydrogen
silsesquioxane )
chip
SiO2
25-3.0 1 .
1 AMT
CVD SioC black diamond
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3
Lol o
CHj3
l +H,0 | | |
RO—S§i—OR ———= o 0 o
-HOR l IS |
i i Si
OR l\o/l\o/ \o g
CHj CH3 CHj;
H\
/Si—O\Si/H
H ~
~ 'LO‘Ls o™\
9 T~si<<n © )
I H\\S'\ J Crosslinked
_—Si i—,
\s'/o Tioo// H network
po o To—si
\
H
17. Silsequioxane scheme.

4.4.1 Poly(silsesquioxane)

Poly(silsesquioxane)  spin—on

21
trialkoxysilane
. poly
(methylsilsesquioxane) (MSQ, e.g. Honeywell
Accuspin T—18) poly(hydrido—silsesquioxane)
(HSQ, e.g. FOx) trifuctional
poly(silsesquioxane)

( 17). Cage structure
HSQ 350
stress 3.0
. Modulus
9.5 GPa 12.5 GPa ,
HSQ (
)
MSQ HSQ
HSQ, MSQ 4.0 SiO;
integration
Si—H, Si—CHs
4.4.2 SiLK
SiLK 2.65 aromatic thermosetting

polymer 2223 1995 6 Dow Chemical

(specific
performance target) . mo—
deling 1996 (specific
polymer composition) 1997 4

SiLK semiconductor dielectric
. 2000 4 , IBM
SiLK  0.13 mm Cu
device 30%

, Dow Chemical
IBM  Cu/low—k

, 400
interconnection

( Cu) |

k extendability

60
cyclopentadienone
acetylene crosslinked polyphenylene
( 18). Polyphenylene
, wafer
633 nm SiLK
1.628 . 2.65
, orientational polarization
SiLK
nonpolar structure
. SiLK
silicate
Hardness modulus
fracture toughness 0.62 M Pa.m?
(silicate) 2
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Ph Ph
Phi Ar. Ph + Ph Ar [: Ph —>
N [ n
Ph Ph
0
o)
o] Ph )
Crosslinked
Ph Ph -CO
s ——p ——Pp Polyphenylene
PH Ph
Polymer
PH Ar Ph
Ph Fh
Ph— Ph

Ph Ar'~l:—Ph

18. Cyclopentadiene

SiLK PR etch
. SiLK
SiO>  hardmask
silicate
fracture toughness

shear stress
4.5 1.8 -23
1 ,

). 2000 4 IBM
SiLK integration system
LSl ( )
20

, integration

12 5 2001 10

acetylene-substituted monomer

(e}
Ph Ar'—[:—Ph l .

crosslinked polyphenylene

2.0

2.0
TEOS precursor -
xerogel (e.g., Honeywell Nanoglass)
. Nanoglass
, (open
pore) integration

(Porogen—templated ap—

proach).
porogen
(network—forming)
spin coating 19
porogen nanophase
separation porogen
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porogen

decomposition

pore

19. Porogen  decomposition pore
poroegn
network (matrix) k1
k
k=ki x Vi+ Kar X Var
=ki x Vi+10 x Vi
V1 Vair matrix
Porogen templated
nm
) nm
nm
porogen
compatibility
design
inorganic
polycarprolactone po—
regen 2.0
2 30 50
pore closed pore
system . Polynorbonene
porogen
25
4.6
inter—
connection RC delay
chip
90

2.5-3.0 1
20
chip
design ,
2.0
porogen
. porogen
compatibility
. 4
chip
, 2.0
winner
?
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