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Low-k Challenges for CMP
Crystal ball beyond 100 nm (k= 1.9 - 2.5)

= Does conventional abrasive-based CMP work?

Yes, and it requires only process optimization
Reduced head pressure (1-3 psi)

. : JSR can address these
Optimized head design, pad, slurry, ... “sies ol s
n Why S0? material technology

CMP is not the only process requiring mechanical integrity
of low-k

containment of copper migration under heat and current

stress caused by the packaging and application of chips
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Slipping roadmap for low-k

Roadmap Yearof First Product Shipment | 7997 | 1999 | 2000 | 2001 | 2002 | 2003 | 2004 | 2005 | 2006 | 2007 | 2008 | 2009 | 2010 | 2011 | 2012 | 2013 | 2014 | 2015 | 2016
Technology Nede 250 nm | 180 nm 150nm
1997 NA
008 [ 180om | | [oem T 6" 00w [ [  [7oem | |  [50mm [ [ ] 3 | | |
Update | NA
1
4 Interlevel metal insulator—effect
evel mi nsul I- Ve
g socC dikrtc constant ) 354.0|354.0|27-35|27-35 - 15 <15 <15
DRAN ot e o 41 | 41 | 41 |3044|30418 3041|2530 : 2530 2025 2023
ieleetric constant (i ¥
180 nm 130 nm L]
U
2p Interlevel metal insulator—BULK dielectr
EUEl M Insulatar- [[41dni) 14 i Ty
g : MPU enstant) 29 29 27 27 2 ’2* 1.3 *,h1.3 <13 1.1
Interlevel metal insulator—effective M ]
0t soC dilecti constnt ) 354.0|354.0|27-35|27-35 (2227 2.2-2.?»1;6-2.2 1.5~,h <15 <15
e Interlevel metal insulator—effective hd A ¥
DRAMdimmmmmuo 41 41 41 |3.041(3.04.1|3.041 2.5&[1 2530 -,h 2025 2023
180 nm 130 nm o0 nm 60 nm i) 40 30
2 |mpu
0
| | metal insulator (minimum
[13 MPU expected) —bulk dilectlc constnt ) 27 27 27 22 22 22
DRAN e e ot 41 |30-41|30-4.1|30-4.1|25-3.0|25-3.0|25-30 2530 2025
ielectric constant ()
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Classification of Low k Dielectrics

Material k=4.1 k=3.5 k=2.6 - 3.2 k=2.0-25 Process Vendor
SiO2 | | CVD -
Inorganic F-Si02 | | CVD -
FOx | XLK Spin-on Dow Corning
| LKD-2020 | LKD-5109 Spin-on JSR
| PS25 | uPLK Spin-on CcCIC
I HOSP | Nanoglass-E Spin-on Honeywell
I | PPSZ-M Spin-on Clariant
| ,  ALCAP-S Spin-on Asahi Chemical
Hybrid | HSGRZ26 ,  HSG 6210 Spin-on Hitachi Chemical
' OCD . OCL Spin-on Tokyo Ohka
B I | Zircom Spin-on Shipley
BlackDiamond |BlackDiamond 2 CVD Applied Materials
CORAL | POLA CVD Novellus
FlowFill | Orion CVD Trikon
| SiLK | Nautilus Spin-on Dow Chemical
Organic , ' ? Spin-on Sumitomo Bakelite
|___FLARE | FLARE GX3 Spin-on Honeywel

From JSR Seminar, 2001 December
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'_ Tvplcal Curlnq Sequence of JSR LKD

Tool Process Condition

SOD Coater| Spin Coat 2000 - 3000 rpm

J

..::::::::z::::::::::::.:: :
bake IHistsstsstsstsstssissts Evaporation of solvent
SOD HP Prebake }333333323323323233323322324
333333333382383333388388% 0 A
80°C x 60 sec 1n Air

Crosslink of polymer

SOD HP | Softbake 200°C x 60 sec in Air

Vertical Final 420°C x 30 min
Furnace Cure Ambient Pressure in N,
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e Conve EB al Bethod of p-MSQ

Decomposition of

== Ba——,

W organic compound
Silica R 2 e v
Precursor @.‘Q;_‘;/,e
| -t %
Sacrificial Silica-Organic Porous Silica
Compound Hybrid
Control of k value Sacrificial Porosity of
content Silica film

Hedrick, J. L. et al., Adv. Mater. (1998), 13(10), 1049
Stucky, G. D. et al., Adv. Mater. (1998), 10(16), 1380
Brinker, J. C. et al., Nature (1997)
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* Doness of cure depends on residual free Si-OH
e Correct indicators of cure need to be chosen.
Detect residual Si-OH groups and moisture uptake.
< n, k, IR, outgassing, etc.

October 13, 2002 8




" F Precursor (Soluble)
Ho_sf'_o_s'\_Ro_si'_OH SiO: Partially crosslinked silsesquioxane

? e 9 (High heat resistance)
R—§—0—]—0—Ji—0— OH: Heat-curable group

o o OH R : Hydrophobic group

(Methyl, Phenyl, etc)
Curel (- H,O)

% % Low k Film (Insoluble)

O o0 R Fully crosslinked silsesquioxane
o—el‘:i—o—el‘:i—o—sl:i—o—«wv without hydroxyl group

N

P R 7
Regmo—§o—§—0o— Control of Density of

T 7 9 Kk value Silica film
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=

LKD-5109 offers ...

= Superior material properties

Low dielectric constant, high modulus, Small CTE, ...
= Successful integration

Baseline process information through industry consortium
Sematech, IMEC, Selete, Leti, ...

Commercial Cu/LKD-5109sample availability

Sematech wafer service

= Readiness for the commercial use
= Extendibility of ILD technology

Keeping eye also on k <2.0 ranges
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Flastic modulus (GPa)

16 18 20 22 24 26 28 30 32
Dielectric constant

e < Treoe > 117 2002 postr
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JSR LKD Line Up

- UK - VLK
Cure method Thermaﬁ - Sp.ecial. Thermal Thermal Thermal
Product name p LKD-6@3 | LKR-6102 | LKD-5109 | LKD-5115 | LKD-2020
Product stage R&D B R&DHE Product Product Product
Final Cure Te mp. F 420 f&n . 350 C- 420 C 420 C 420 C
Dielectric cons tant: K 1.91 2201 2.20 2.34 2.55
Refractive index in201 m 1.226m 1.248 1.279 1.316
Modulus: E (GPa) » 2.1 ® By 4.5 6.4 8.0
Thermal conductivity | = = _ % 0.235 0.247 0.301
Specific Gravity 832 m 090 m 0.93 1.00 1.13
All of these JSR LKD products can be described
IITC 2002 poster

generically as (porous-)MSQ material

October 13, 2002
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CTE Advantage

LKD-5109 (MSQ based Low-k) has CTE comparable to Copper
MSQ = Inorganic back bone polymer

300.0
Literature values Measured Qqn S1 wafer
— _ PN - A -
% 2500 [ 1 — \
o, In-plane
o 200.0
| ——
0 o0 Out-of plane
—
O /\
100.0 ]
Comparable!
50.0° g— —
05ppm | [T ] —
0.0 k=22 | k=26 Kk=3.
SiO2 Si Cu JSR 1\ )

Y
LKD-109  Organic materials
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Chemical Compatibility of JSR LKD

C hem ical pH Etch Rate (m /h) [S+CH3 Retaton &l k vale ncrease.
HF 005% <10 -16 99 00?7
EtchCkan A INHAF base 10 -24 99 -001
Fich CrPan B 10 aanic acid base 10 -8 100 00?7
CMP Sy A INeutra] 60 -1 107 000
Ftch Ckan C JSolentbase 696 -3 100 007
CMP Sy B IAm e base 104 -8 100) 003
Etch Cran D J0manic amne basel 124 -7/ 100 000
HA PRDcviopper IRY:! Q g0 INVa—

Exposure :25C /20 m 1

JSR LKD have a good chemical compatibility over a wide range of pH.
Incompatibility can be seen in HF base solutions and Hydroxyamine base
solutions
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FT-IR Spectra

050

055
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Absorbance

Si-OH
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020 After cure
015 Before cue

010

005

o 4

3500 3000 2500 2000 1500 1000 500
Wave number
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Hydrophobicity

* Why we measure 1t?

Degradation of k value
Blistering etc during heat cycle

= How we measure?

Screening test can use:
FTIR

Success criteria should include:
k value and Ak = k(25C) - k(200C)
TDS (MS)

October 13, 2002 16
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TDS Fragment

Cure Temp. Dependency

Cure : 350°C 30m Cure :400°C 30m

2000 YR W W W N WY WY W U NN TN TN TN U (N U TN U NN N N NN SN U N NN NN NN 1 2000 | 1 T T N T N VN N N T T A
1800 A 1800 A
1600 A O 1600 A
1400 1 H, \ 1400 1
. 1200 1 . 1200 1
Mass Fragment 2 1000 M
fo) — 800 - — 800 -
@ 200 C 600 - 600 -
400 A 400 A
200 1 200 A

2000 | T 2000 d Il w
1800 1 1800 -1
1600 1 1600 1
1400 - 1400 -
. 1200 - . 1200 1
Mass Fragment = 1000 - % 1000 4
[e} — 800 1 — 800 1
@ 300 C 600 - 600 1
400 - 400 -
200 - 200 1
0 ""'l'!|"l.""l""l""l'"' 0 -
0 20 40 60 80 100 120 0 20 40 60 80 100 120
T/°C T/°C

October 13, 2002 17




JSR Micro

TERIALS INNOVAT

Delta k Measurement

0 40 80 120 400 600 800 100012001400

2.30||||||||////||||||||||
2.28 A
2.26 1
2.24 1
222 ] AK = k@rt - k@200 °C
4 2.20'.
2.18
2.16
2.14 1
2.12
/ Z
?2g8-""""//'5"'0""'
] Dry N, 23 °C / 45 %RH
240 | |< >
200 1
°\ 160'_
— 120
80 1
40 - , ® ®
0||||||||//||||||||||
0 40 80 120 400 600 800 100012001400
t/ min.

k measurement at 200 °C is to eliminate moisture effect in
k value.
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=

Cure Temperature Dependency of k and Ak
in JSR LKD-5109

2.42 0.250
2.40 1 L 0.225
2.38 -
2 36 - - 0.200
2.34 - - 0.175
2.32 - ~
< 230 | - 0.150 3
2.28 - - 0.125
2.26 - - 0.100
2.24 -
2 22 1 Cure for 30m in N, - 0.075
2.20 - - - - - - - 0.050
280 300 320 340 360 380 400 420 440

T/°C
Increase in Kk value as lowering cure temperature is mostly
due to moisture absorption.
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No pore structure is observed.
Low density film structure.

October 13, 2002 20




MATERIALS INNOVATION

f/ | — Courtesy of TEL |
Pore Size Distribution & Porosity of LKD5109

Sample : Powder
Micropore(Ar) Mesopore(N2)

JSR Micro _

g g:m:gggg:ggg:‘:sﬁag + C:\ASAP2010\DATAMESOLLKDOR2P.SMP
010 MRCHO i b O C\ASAP2010\DATAWESO\LKDSR2P2.SMP
A.MIC . C:\ASAP201 O\DATAMESO\LKDOR2P3, SMP
0‘014 03 - | [ S SN [NS——— — —
0.018-—
(1)} 1.0 E— 07 o
A1 1) | ) SRS N NN,
' 0.6+
0.010
O) oo (@)
2 L e I S O .. T
v —
~. 0008 o
> S
T I . PP —— — - L - 0‘3 ol -9 \ro ) =
T o 5 Average Pore D |amer<er
TN T ] Bl (R 19 A——1
| " 4 02|
oma._ SR— ...._-_._l._- o i aat ST WSS :
0.002_'__""' S E— ! I, T —— e Y S P —
0.1 Ll
D.m1 e s e e L e rre——— o T'.__ —— SU——— —
® : "f i
0.000 | 0.0

10 _ 20 30 10 20 50 100 1000
Pore Diameter A Three times measurement Pore Diameter A
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Integration Challenges of JSR LKD

Known integration issues for JSR LKD

Side wall damage (Etch / Ash)

Degas, Increase dielectric constant.
Adhesion to BM.

=  Void formation
= Chemical Corrosion (Stripper)

= Photoresist poisoning
= Delamination, scratch, ... (CMP)

October 13, 2002 22
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Possible Integration Interactions of JSR LKD
After Patterning, Etch, Ash, ...

Etch / Ash, Dep. damage ~ CMP Resistance
damage
|
Cap. Absorption Passivatiqn
(Airborne Contamination) film formation
(NH3, Amine..) A dhesion(C)
LKD  [S10; 5(CH;)o5s ] Photoresist poisoning
Adhesion(S)
E.S.
Gas emission ) Adhesion(C)
Void formation Etch selectivity Adhesion(S)
E.S.

Ash damage and Photoresist poisoning can be avoided by dual H.M. scheme.
Etch and Dep. damages are still present even with dual H.M. scheme.

October 13, 2002 23
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ISMT LKD Test Wafer with 800AZ Mask

Metal 1 Copper CMP Test Wafer
Dual Damascene Cross-Section

* Hot to scale

TK Cu Electroplate

250A Ta
750A PE Hitride
- T -
1K PE Hitride

5.5K Thermal Oxide

Prime Silicon

Example of available structure (Source www.sematech.org)
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ISMT LKD Test Wafer with 800AZ Mask

Metal 2 Copper CMP Test Wafer
Dual Damascene Cross-Section

* Hot to scale

TK Cu Electroplate

250A Ta

250A Ta Barrier 5K Silox

504 PE Hitride

Cu Fill 4K Silox

7504 PE Hitride

- T -

1K PE Hitride

5.5K Thermal Oxide

Prime Silicon

Example of available structure (Source www.sematech.org)
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#= J105 (Dielectrics) / Integration Eval.

Schematic Representation of Project Involvement by Stage

(for any given Low « Dielectric Material)

\_}h
ATDF Baseline
JSR LKD5109

Gata Gata Gata Gate Gate
{1} (I (1) (IV-V) {V=v1) .
[ I ' 11 : V% : v Reliability & Packaging
Matarials Blanksat 1LM 2 LM ! ZLM Includes Au ball, Al wedge and
Proparties Films Screaning Developmant | Development bump (flipchip) bonding
100 : ; '
=8 9
gs '
2 B0 | | e Diglectrics (J105)
ol — odule | [
§% o ule Infegration g 5 : Gate (V-VI)
£8 5. 1. M2 etest in spec
; 2. 1k via chainyields
o4 : 5 ; : ~100%
/ Stage {time}\ \ Gate (IV-V)
Gate (I-l) 1. M1 etest in spec
1. k<2.5 Gate {"-l"} Gate {III-W]- 2 Process modules in spec
(or extendable) 1. 2-LVL stack anneal | | 1. X-SEMs of completed 3. All tools available
2. Ther_ml 2. CMP adhesion test 1LM Module 4. BTS data ok
stahnlt'_;.r 3. Blanket film polish 2. Re'f.D module process 5. DD etch verified
3. Adhesion rate recipe(s) 6. Multistack adhesion ok
5. Etched film RGA 4. Moscap data
5. Mechanical strength INTERNATIDNAL
6. Etch & CMP selectivities m

JAR AAD prasanabon, 130601, ke il Bosiininy B Low-k Toands. R Alger, piga -1

October 13, 2002
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Collaboration with Sematech Activity
Interconnect Structure

Electrical/Reliability Characterization, Package Assessment,
High Frequency Characterization

Fabrication of 1LM, 2LM and >2LM Cu/low-k
Dual Damascene Interconnects

N\Oﬂ“ll‘.‘: EETLC Sy i:]'[loh

Low-k Dielectrics

Material Properties
Low k'Deposition
Etch stop/ Caps
Module Screening

INTERNATIDNAL

JER RAD prasaniiin, TH0E01, Intescnl. Bussiany B Low-k Toands. R Auger, pige -2
Octobe. .., —.._ 28
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R ——
== Integratlon Issues:
Strength/Adhesion
* Low strength and "0 [No delamination Special CMP
adhesion : of blanket layers techniques needed
challenge CMP Mna.. € ——P
a
« Cap loss must be °
avoided with =
porous low-k =
 Alternatives to ] l
Rl 1o T
CMP A o
CYDI CVDA  COWDs  S0D1 BODAd 580DF SOOI S0DE sono SO0 SO0Dl4
o == = Low-k Dielectrics
o« Tiling ==
= — OModulus (GPa) EHardness (Gpa)

P INTERNATIOMNAL

150 Sympasen, Jepan Cwe=Th, 3311. R fagur, pags L
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SR LKD-5109 Integration at ISMT
3LM Lot; 0.3 um Via Chain

Structure to support packaging activity to mimic real-world integration.

. Sl
oy e '

FAFOT10M BOT g

(K. Mosig)
M3 was patterned with M2 (775 level) mask in ATDF with good overlay.

INTERNATIONAL

CHOEAT B Wk |

ppt-1
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JSR LKD-5109 Integration at ISMT

M2 Long Serpentine/Comb Structure _

 FAZ01001403 W#1062307-15C1 0:25/0-30umVHORGH T renches
_ SEEELT SEEnEnasmmEns (K. Mosig)

DF-4700-2 2 0k 3.5mm x20.0k SE{U) 3172001 2.00um
M1 comb runs parallel to the picture surface

INTEANATIONAL

QST 23 W4k | Watncpeshes plalabingsT . ppt - 2
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JSR LKD-5109 Integration at ISMT
Package Results; Gold Wirebond Il ____

Successful wire
bonding and
solder bumping
(high yield
and pull/shear
strengths).

(M. Rasco)

INTERNATIONAL

FAOEAT 21 Wk | WindpesiesplabeingsST. ppt - 3
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Summary

* Momentum for the spin-on low-k material 1s
building up rapidly.
Publication
LITC 2002 and Semicon/West 2002 coming

Commercial sample availability
JSR for liquid and ISMT for wafer

= JSR LKD-5109 technology has demonstrated
extendibility beyond K < 1.9

= JSR LKD-5109 1s accumulating integration
knowledge at the device manufactures, tool venders,
and research consortiums.
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