39 10 Vol.39 No.10
2003 10 CHINESE JOURNAL OF MECHANICAL ENGINEERING Oct. 2003
*
( 116024)
(IC) , (CMP)
) ) CMP )
CMP , CMP )
CMP, CMP,
: TN304.1%2 TG175
130 nm )
0 87nm, 26 mmX44 mm
50 nm,
N IC 0.1 nm. )
, 1C N N (-4,
\ . , 1
(uLsi) 0.25 um
0.13 um, 200 mm 300 mm, 11
6~7 , DRAM 4 G. (Planarization) IC
(ITRS) , 2009 , N
450 mm , (Spin-on glass, SOG)- CVD(Chemical vapor
0.07 um, 10 , deposition). CvD.,
DRAM 64 G, , (Etch back)-
) Cu Al. IC (Electron cyclotron resonance) . (Thermal
\ , IC reflux) . — — ) )
° ’ ’ ’ [l~4] ° 0
IC 20 60 )
\ \ , , (Chemical
) o mechanical polishing, CMP) 1965 Walsh
) , Herzog , .
. , CMP IC - 1990
) , IBM CMP )
( ), 1991 64 Mb DRAM )
. , CMP . CMP
213, 300 mm ) )
* ¢ » 50 — .
0 oozt (50390061). 20030707 (| nter-|evel dielectric, 1LD)- (Shallow



2003 10 101
trench isolation, STI). N (W- . )
Al. Cu. Au) ; ) ) °

IC . (6) CMP N N
12 CMP CMP 0%
CMP 1 ; 60%~80%. ,
« ) - ; : IC , CMP
) CMP
) , CMP .
) o CMP
) IC o
. o 2
21
, 3M
(Fixed abrasives CMP, FA-CMP) .
S-Oz\ sz ) b N N
1 ( N )’
CMP IC , ,
’ CMP o
(1) CMP ( .
) ) ~ ’ b
) : :
’ CMP o
(Over polishing)- (Dishing)~ , EA-CMP 3
(Nitride erosion) .
©) ) , ,
CMP o FA-CMP .
4 ) ,
° 200:1,
©) : 1.2:1,
’ ©)
’ (HDP) (STI) )

- (RIE) .



102

39 10
(%) (WIW-UN) AF-CMP) CMP
(WID-NU). .
(5) : CMP :
3
(6) (Self-stopping) » , o CMP
(7) ,
o o AF-CMP
(8) ) , 600 nm/min.
) ) CMP
o AF-CMP )
(9) ; ; . , ATMI, Applied Materials
) o AF-
FA-CMP CMP o
. 3M (Micro replication) AF-CMP )
Preston ; CMP
CMP 2 3 o ; ; o
Applied Materials. Rodel. Speedfam CMP )
FA-CMP o AF-CMP ; )
) FA-CMP ; o
o FA-CMP AF-CMP o )
o STI ,
AF-CMP
AF-CMP )
CMP o
2.3
uLSsl ,

SEM

2.2

(Abrasive-free CMP,

b

(Electrochemical deposition, ECD)

CMP

b

(Electroplating) . )

(Bottom-up filling)

b b

IC N IC

NuTool



2003 10

103
— (Electrochemical mechanical .
deposition, ECMD) , 3 ;
4b , o
) D, o ECMD ECMP
D ) CMP )
C-
B - CMP - NuTool
A , ECMD
, CMP o
2.4
b IC ,
cH
53 , IC
A b b
(x<2.5) o
( )
®) ) CMP
4 b
o 01pm
0.18 um 6. , CMP
(Electro- )
chemical mechanical planarization, ECMP) o .
5 ; (ECD) (Stress-free polishing, SFP)
(ECMD) ,
!p n2 b
F = )
Relelpn | “::l , .
5 b o
(1) SFP 2~65pum
(ECMP) . 30~60 nm :
1 ; ; .
0~30nm.
2 . (2) SFP (Cost of consumables,
CoC) , 2 / , CMP



104

39 10

3 ) N
o SFP )
) Fremont ACM
2000 10 SFP , SFP
,ACM
IC SFP o

25
(Contact planarization, CP)
Brewer Science Inc. 2001

CMP ) . CP
(k=15~3.8)
° : (Spl n-
coating)- (Dip-coating) CVD
( - )
CP o
(1) :
) , :
, CMP 8~10
/ , CP 2 / o
©) .
(4) , : .
(5) ) CMP .
2.6
(Plasma assisted chemical
etching, PACE) )
. PACE 6
1~50 um/min, 3~30mm
PACE
o Speedfam

PACE o

80 nm
(a) PACE

6
3
IC )
) CMP )
IC o IC
FA-CMP. AF-CMP. ECMP. CFP,
CP PACE
CMP )
o ) IC
, 1C

1 Hahn P O. The 300 mm silicon wafer - a cost and technolo-
gy challenge. Microelectronic Engineering, 2001, 56(1,2):
3~13

2 International Technology Roadmap for Semiconductors,

Interconnect, ITRS, 2001Edition, http://public. itrs. net/

3 Gehman B L. In the age of 300 mm silicon, tech standards



2003 10

105

are even more crucial, Solid State Technology, 2001, 44:
127~128

4 Luo JF, Dornfeld David A. Material removal mechanism in
chemical mechanical polishing: theory and modeling. |IEEE
Transactions on Semiconductor Manufacturing, 2001,
14(2): 112~133

5 Reid J. Optimization of damascene feature fill for copper
eletroplating process. In: Proc. of the International Intercon-
nect Technology Conf., 1999

6 Zhao B. IC interconnect technology-challenges and oppor-
tunities. In: Proceedings 6th International Conference on
Solid-State and Integrated-Circuit Technology, 2001 :
337~342

7 Korczynski Ed. Future of CMP to be revolutionary, not
evolutionary , Legal Information and Terms of Use ©SEMI
2002

8 Laertis Economikos. STI planarization using fixed abrasive
technology, http://www.future-fab.com/

9 VoT,Buley, T Gagliardi J. Improved planarization for STI
with fixed abrasive technology. Solid State Tech.,,
2000(6): 23~28

10 Van der Velden. P Chemical mechanical polishing with

fixed abrasives using different subpads to optimize wafer
uniformity. Microelectronic Engineering, 2000, 50 :

11 HMbwyen V H, Hof A J, Kranenburg H Van, et a, Copper

chemical mechanical polishing using a slurry-free tech-
nique. Microelectronic Engineering, 2001, 55: 305~312
12 LiSJ SunlL Z, Stan Tsal, et a, A low cost and residue-
free abrasive-free copper CMP process with low dishing.
Erosion And Oxide Loss, |ITC 2001/ IEEE

13 Annabel Nickles, Dan Marohl, Gopa Prabhu, et a. Slur-
ryless CMP enables next-generation direct polish STI.
http://sst.pennnet. com/Articles

14 Basol B M, Uzoh C E, Talieh H, et al. Electrochemical

mechanical deposition (ECMD) technique for semicon-
ductor interconnect applications, Microelectronic Engi-
neering, 2002, 64: 43~51
15 Wang D H, Afnan M, Chiao S S. Stress-free polishing
advances use of copper interconnects on silicon wafers.
Semiconductor Fabtech — 13th edition, 2000: 255~257

16 Endisch Denis H, Drage James S. Contact Planarization
Using SilicaMaterias, US Patent, US2003/0008522A 1

17 http://www.brewerscience.com

18 Zarowin C B, bollinger L D. Rapid, noncontact, damage
free shaping of optical and other surfaces with plasma as-
sisted chemical etching. In: 43rd Annual Symposium on
Frequency Control, 1989: 623~626

FUTURE DEVELOPMENT ON WAFER
PLANARIZATION TECHNOLOGY IN
ULSI FABRICATION

Guo Dongming Kang Renke Su Jianxiu  Jin Zhuji
(University of Dalian Technology)

Abstract: Chemical-mechanical polishing (CMP) is widely
used in planarization of silicon substrate and multilayer metal
interconnection construction and becomes one of core tech-
nologies in ULSI fabrication. However, the traditional CMP
technology has some disadvantages and limitations. It is im-
portant to research and develop new planarization technology
while improving the traditional CMP technology. Based on
analyse of the traditional CMP technology, principle and ad-
vantages of several new wafer planarization technology, such as
fixed abrasives CMP, abrasive-free CMP, €electrochemical
mechanical planarization, stress-free polishing, contact planari-
zation, plasma assisted chemical etching, are introduced, and
future developments on wafer planarization technology are
predicted.
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