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Abstract

Chemical mechanical polishing(CMP) process is essential technology to be applied to manufacturing

the dielectric layer and metal line in semiconductor devices. It has been known that overpolishing in

CMP depends on pattern selectivity as a function of density and pitch, and usc of fixed abrasive

pad(FAP)

is one method which can improve the pattern selectivity.

Thus, dishing & erosion defects

can be reduced. This paper introduces the manufacturing technique of FAP using hydrophilic polymers

with swelling characteristic in water and explains the self-conditioning phenomenon. When applied to

tungsten blanket wafers, the FAP resulted in appropriate performance in point of uniformity, material
selectivity and roughness. Especially, reduced dishing and erosion was observed in CMP of tungsten

pattern wafer with the proposed FAP.
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Fig. 1. Removal rate as a function of time
without the conditioning process.
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Table 2. Process conditions.
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32 g2d CMP Z1}

z} CMP Wie= gad dw goive dut
2 AAstgch gA A2 oz o] R Az
g J)FoR HriHER, $AdHom widd )
Ae BeA 7l ddw g st AEY
3l d2d A4S wusdrt

2He dn} FA Aztare] FA7} 27 F
Aol ZrastE Aed v ~H(Nanospec: spot

size 8 mm)< ol &3to] zh Abstul sl el
A& &4t Astah

a4 7& Z CMP el di& ) o
(pitch)®} U E(density)ol w& dz¥d& uye
Aotk o714 FHee WA L AxE Ak
B 9o Zatd "o dld goloh Eytd
A IC1400 =<k MSW2000 &2gl& of &
B2 CMPAlAME Hule dxet A7 2
£ o 2Aol Z7tev, oidnirzke] F7hetH
AAH oz ozl ZFrpsieh a2y B AT

o

r>' o

i

}

FORN

)r&'

)
i

324

A Azre nAGA = HEls o8 "
B

8 CMPe ;
Autal7tell Ael kg WA ¢z FAR 5

Holal .

A9 Hrhe dukEA olF gawl widel o
- -

SR
%ﬁ

ooz Koo N o2
i
ok

e/
[

I

RN

LS
£
_10
o
>
>
¥0. oo "
ro
O
=
|53
2
x
1_4
ol
O"

Aeg ol Folzlet. 1# 8a), (b=
FRiol A o 9 “‘C% 1] #] o
=& Jekd Aotk f g 100 %
o] Foj7 Z Al dhaf o ZAe] &

gae sjade Ad @AE EA

density (*%)
500 500 90 10 300 300 99 3 S0 50

3300

000

2500

2000

1500

erosion {angstrom)

100

Sy

il e o o g3
o o o O
o, — ¥ = =
;9, é Om r‘l\‘

N

B
2
=
X iy

iz

T —— T y T 1

EEEIUN e = RAPISOY

PO

(3] S (100% O 1)

%
® o L0
€7 o R O

B85 8% ¢ 8898

“

FTE <

Loo 1ol 20 100 200

1
200 100 00 100 20
pitch(um)

deie] sz e Ao wE A CMP
(D, (ID.

. Erosion as a function of pitch and

density in CMP(D), (II).

WOy

oo
>
=%
o

e

£
i3

A RkA ol CMPH
100 % 3cksdvtol
tobd ZA QoS g

flo 2
>

]

e

2oz
fo o

o (X

tlo 1o -
N

}o

)
2

By

_L|\.’4

iR

1o ilo
oo
1 ox
g
oy

o
g £ o

i

2 o
i (o3

w12 “
2 =
iy &
juidl
of
:
5 :
(@)
o
w
3
Ol
Sl
i

o N

J —(
o
R
2o
2L
>

‘:i 1)
ofy & &
_fl_{ ﬁl‘ P
o 2
a4
g
o> N
Q -
18 e
4 o

et
asa
ol
o
2
ul
i}
o
2
G

QO
<
N a'_?.l X _=
o o
£
1o
i
&
Vi
N
2
Of
ot
2

_.\_4
2

)
(i
2y
rO
o,

N

g}

wlo ok
Oﬁ, v =

3
= n
o
Jo i

2 N



450
@ FAP+Chemicals (100% O.P)
400 |- @ General pad+stusry (100% O.P.)
350 |
—_
300 &
E_, >
= 250 } o
S 200
]
S 150}
100 F
sol -
ok i I ,
100 180 200
pitch (um), (fixed density 50%)
(a)
350
@ FAP+Chemicals (100% O.P.)
300 b @ General pad+slurry (100% O.P.)
.. 250+ -
g
£ 200f
Y
£ 1sof
] &>
= 00} =
>
50k
m m
ol . . . "
0 20 40 60 80 100
density (%), (fixed pitch 100um)
(b)
a3 8. dAge] waj(a)g} Hrib)el whit tjy.

Fig. 8. Dishing as a function of pitch (a) and
density (b).

o} 1 vhar Ao wjek
7“ FX] ]_17 L}r
SR A
Aol oA A
ol CMP iy Alite
s wbrhedubis AA] 8

200 A A AHE

Agkel R e slolu 9}
w17), b4, vk vyl o
| sbadubi-it AAsH 9
dpgell A b gk
g o)l CMPlA] g sixbgriel 482 CMP &
AL A E AvkE A ol Tk AT o

g & A A ) (pattern selectivity) 7t 29 Ao

7]

HRAGT]L 5, F el B Bhe] A by
§17) wgboll sprhelubalbs Fol o9l o]
whi: ol R el d AL & °‘LH': 3 o]
cho FaadEulel daks i ?HH Avkel 2t
FThe, whrn s A, s iﬂﬂ A
e, ¢he, feel 32 CMP ~a’-'§j WA T
¥ 4= QUHI13] sHAwE ar QAo o]#fdk i3
A oole] gl o dwbiAe] Fliel 1A ¥
fﬂb'”1 Awpel  FFolsliz AvkeiAbrt 4% 1 2bi
ARE-ehiz reialo] Wl Hgsl A7) ofet B

al%lu}.

325

A7 A A A8 3] 1= 8-7], 4187 Al43, 200581 4]

= slurry(253°% O P) e slurmy (S0%6 O P) slurrv(100°0 O P )

o500

6000
= 5500
=
=
2 5000
g
ol
g as00
_—é 4000
=
= 3500
=
&

3000

2500

0 00 14KK)

1500

2000 2500 3000

distance (um)

(a)
= FAP(50°% OP) e FAP(75%OP) 4 FAP(I00°%OP)
00
=
S g a
S o200p I . . . a
» - = .
2 R SRR R E R
<
Z ovoo
2
=
L 3800
3
Smu}»
. . , . . S
0 SO0 1000 1500 2000 2500 3000
Istance (um)
a3 9. R’_‘@EJ Aelo] A o] 51 L
A9l CMP, (b) 317 )=}
CMP

Fig. 9. Surface profile across pattern: (a) general
CMP, (b) CMP using the fixed abrasive

pad.

£

B SEY S 80 Sgas
Jo8 oMol A gad S8

=

]

PER)

o

jirie
N
-

self conditioning
7HeskA stk Aus
B %7}”01 A o4
P At AGES A4t
SR skAl =AU rh Blanket 9lo]se] g 41
2 ¥sd dvbie, Auden, hyEAE 8

ARAHE A duAe)

VO_ X

O
i

[*]
=

O

o =

fod
¢

CMP uoLH;g]. u] }04 a1 xqolx}JHz_y :%é,?__ 63@
depn] wiel o4 ey Ao Ay A
Wi, SrhdebA el Aol wAEA $e

AR T

2=
=AU B



J. of KIEEME(in Korean), Vol. 18, No. 4, April 2005.

{1]

(2]

(3]

(4]

{5]

(6]

(7]

o

ra

i

AgE A8, o) $M, o Bd, FeolT,
delgh sz sl wE gaw Fe
CMP 34 #HA3", A7 HWAANBEI =
#], 1348, 7%, p. 568, 2000.

AEE, AL, oA, FeT, “delE go]
el e dgdole dstete) CMP &

<

i

M b

e 29 547, A7AAA8 =T, 13
4, 23, p. 131, 2000.
J. M. Steigerwarld, R. Zirpoli, S. P.

Murarka, D. Price,
“Pattern geometry effects in the chemical

and R. Gutmann,

mechanical polishing of inlaid copper struc-

tures”, J. Electrochemical Society, Vol. 141,
No. 10, p. 2842, 1994.

K. Smekalin and D. Fertig, “Microscale
dishing effect in a chemical mechanical

planarization process for trench isolation”, J.
Electrochemical Society, Vol. 143, No. 12, p.
1281, 1996.

D. A. Hansen, G. Moloney, and M. E.
Witty, “Copper CMP: The role of barrier
metal and its effect on dishing and oxide
erosion”, Electrochemical Society Procee-
dings Series, Vol. 99-37, p. 136, 2000.

R. S. Subramanian and R. M. Appat, “A
model of chemical mechanical planarization
of patterned wafers with fixed abrasives”,
Electrochemical and Solid-state letters, Vol.
4, No. 12, p. G115, 2001.

H. Y. Kim, B. Y. Park, H. D. Jeong, D. A.
Dornfeld, and S. 1. Lee, “Applications of fixed

326

(8]

(91 A. Romer,

[10]

{111

[12]

[13]

abrasive pad using hydrophilic polymers in
STI CMP”, Annual Meeting Proceeding in
ASPE, p. 661, 2002.

V. Koinkar, R. Golzarian, Q. Luo, M.
VanHanehem, J. Shen, and P. Burke,
“Chemical mechanical planarization of

copper interconnects using fixed abrasive
polishing pad”, Proceeding of 5th Inter-
national CMP-MIC Conference, p. 58, 2000.
T. Donohue, J. Gagliardi, F.
“STI
demands,

Weimar, P. Thieme, and M. Hollatz,
CMP using fixed abrasive:
measurement methods and results”, Pro-
ceeding of 5th International CMP-MIC
Conference, p. 265, 2000.

L. H. Sperling,
Polymer Science”,
147, 1992.

“Introduction to Physical
John Wiley & Sons, p.

F. B. Kaufman, D. B. Thompson, D. J.
Pearsons, and M. B. Small, “Chemical
mechanical polishing for fabricating pa-

tterned W metal features as chip inter—
connects”, J. Electrochemical Society, Vol.
138, No. 11, p. 3460, 1991.
Samsung Electronics Co., Ltd,
Mechanical Polishing Slurry”, Korea Patent,
No. 2001-0037315.

H. Y. Kim, H J. Kim, and H. D. Jeong,
“Development of an abrasive Embedded pad

“Chemical

reduction and  uniformity
J. of KPS, Vol. 37, No. 6, p.

for  dishing
enhancement”,

945, 2000.



