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Abstract

Most studies on copper Chemical Mechanical Planarization (CMP) have focused on material removal
and its mechanisms. Although many studies have been conducted on the mechanism of Cu CMP, a
study on uniformity in Cu CMP is still unknown. Since the aim of CMP is global and local
planarization, the approach to various factors related to uniformity in Cu CMP is essential to elucidate
the Cu CMP mechanism as well. The main purpose of the experiment reported here was to investigate
and mechanically analyze the roles of slurry components in the formation of the uniformity in Cu
CMP. In this paper, Cu CMP was performed using citric acid(CsHsO7), hydrogen peroxide(Hz02),
colloidal silica, and benzotriazole(BTA, CsHiN3H) as a complexing agent, an oxidizer, an abrasive, and
a corrosion inhibitor, respectively. All the results of this study showed that within-wafer
non-uniformity (WIWNU) of Cu CMP could be controlled by the contents of slurry components.
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Table 1. Experimental conditions.

Polisher GNP POLI500
Pressure 3.1 psi
Velocity 80 rpm
Polishing pad IC1400(Nitta Haas)
Slurry flow rate 150 ml/min
Temperature 23 T
Complexing agent CsHgO7
Oxidizer HoOs
Abrasive Colloidal silica (22 nm)
Corrosion inhibitor CeHuNzH
pH adjustor NH:.OH, HNO3;
2.4 ¥

2.1 Alg

2 A¥dA A" 78 CMP €dEle & 19
Aot ol ABAR s h, FAgAR FAs
Av}d A} (abrasive)®  ZEolE 427} (colloidal
FEARAAZ BTA(CHNsH; benzotria-
zole)E AHEEAon, £#Ele pHE NHOH,
HNO3& AH&3te] pH 42 #A3tth. CMP 7]
= G&P Technology9l POLIS00S o] 839 oH
RE HE2 4E 31 psi, A= HelE FdEE
80 rpmoll A AASIET. folH(wafer)E 05 ym
A AgE e (Si0) 3 §EE5(Ta) 250 A
el 15 FAL FaEgehe 717 4203 ¢ o]
& o839

T 9ee] F4= Four point probe(Changmin
Tech)E& ©o|-&3ste SAsIT. <dvf ETUL
(WIWNU; Within-wafer non-uniformity)= (1)
£ o] &3t Asstgen, 4 A deld g
g 5 e A TE ADAA o2F Xt
¥ & 9¥ A (standard deviation)$} vk AAL
TEE stk

Xl— il

silica),

242}
e

WIWNU= —= (%) )
Xavg
3. 23 2 ax
a3 1(a)= 3wtk Z2olg A7t 3vol%
o HusrraE Fheln Qe el T
o gFe Wat ANAL o At A7 Aut

ERYEE =AY agolth dAvt AALS 74

75

A7 ARA 2 E =21, A207 AlE, 2007 19

DIW + Colloidal silica 3wt% + H,0, 3vol% + CA 0~0.10M 60

18000

16000}~ —8— Material removal rate -

= ~&— WIWNU - 50
' 14000 o

A

12000

100004

8000

i}

L

w

s
WRVNU (%)

8000~

Material removal rate (

4000
7 e By
200012 ST ; 410
of. B2
! . . . PRI P
000 002 004 006 008 040

Concentration of citric acid (M)

(a)

DIW + Colloidal silica 3wt% + H,0, 3vol% + CA 0.0005~0.1M

2 0.0005MCA * 0.001MCA = 0.005M CA
+ 0.025MCA < 005MCA

20000
¥ 001MCA
= 0.1MCA

°

Material removal rate (A/min)
s
s
<
3
T

vvv‘vvvvvvwvvvvvvv‘vv
2000 ShLa Adrbsaddi
of EEE T §§§§§§§§§§i§

2000/ 1 1 L 1 1

-60 -40 -20 o 20 40 60

Distance from wafer center (mm)

(b)
a8 1. Cu CMP <elge 744 o] CMP
A3 MAE 9% (@) 99 AA&HG
Aup U=, (b) Aol AAL] Zzvld
Fig. 1. Effects of citric acid concentration in

Cu CMP shurry on Cu CMP results; (a)
material removal rate and WIWNU, (b)
material removal rate profiles

kel s mibA A &HH o
HolA gk ¢vl B dEE
A Aaxe & A FUlske
28 1(b)ell ‘:’\]ﬂ T A
A&e ZZ3(material removal rate profile)#
8 FAse Fake] ¥& S dFE AAFA
Avt AAEo] FolAAY dlols FY¥-(wafer
center)?] AAul AAZo] Fo] =oAL & & gt

223k olfE 19 2¢0A 9} Ze] CMPAl A

3t 4B E ¥ (pressure distribution), 2 EE¥
(temperature distribution), = w#lx ZzvY
(pad wear profile)e] o= AHd + gk o

WA o2 CMPA] 2HAlE) s
29 29 2

Holw B9 L& Hz
ol&= &gtold Ag (sliding



J. of KIEEME(in Korean), Vol. 20, No. 1, January 2007.

(@) jf/,/“""‘ RN
;/ ’ A
.
Temperafure distribation N
o) R
) R e
{ v e
3 B

ﬂ ©

Low conceniration of CA
Chemical << Mechanicaj

-

are lstribation

<

Padt webr profile

Removal rate profile

¢, (d :r“?i*ig "%Z?’%kol
gz
oTAOWHsJE#@

Relation between material removal rate

fo fR & Fr &

Fig. 2.
a function of the con-
in Cu CMP
(a)

profiles as
centration of citric acid
slurry
temperature distribution, pressure
distribution, (d)

material removal rate profile of high

factors;
(b)

(c) pad wear profile,

and mechanical

concentration of citric acid, (e) material
removal rate of low concentration of
citric acid.

distance)oll 23] dlo]# 9} =9 whF(friction)dl
&l ZAeA HrHel =3 =rt deldHE
= = 7igdets B2 Ay CMPAER] oA
¥ 2b)st 2 dEEII AsA AT
wAgez Fdtold A e}t Ant Fo G
A dnt = 28 2009 22 YR R

HE A%E #HA "8l Cu CMPE =%
Cu .ﬂ]o]ﬁi]g] §}z‘ﬂ»7<4 o] H]-_O_q] _/] H;q A o &7
Amg AAsE HES 7Y &, Cu CMP

= AAuTe det4ed AA Adel
Zatcta & 4 o) sheAdl AAY AAdel A
A} xﬂﬁg% > oﬂ Ao Wz
He A9,

76

DIW + Colloidal silica 3wt% + CA 0.01M + H,0, 0~20vol%

10000 22
. o000f S B Material removal rate | 20
£ ~-s-— WIWNU
£ 80001 18
°§— 7000} - . 118
® soool ! 414~
= ; g
5000 - J12
8 Hepg 2
£ aooofo ~g 10 8
4] e e £
B 3000 ; ——H. 8
= :
£ 20000 b ; 1s
= jooof R T g iy
of B © 12
1 1 1 1 1 ) 1 t 1 1 ] 1 1
2 0 2 4 6 8 16 12 14 16 18 20 22
Congceniration of HO, {voi%)
(a)
2000 DIW + Colloidal silica 3wt% + CA 0.01M+ H)O? 0~20vol%
H
8 H,0 0vl% s H,0, tvoi% & H,0,3vol%
€ Tovor ¥ HQ 5wl% * H,0,10wl% < H,0,20v0l%
£
o B00OF
2
§ 5000
g
Z 4000f
£
© 3000
g
% 2000-
2
]
2 1000|
. "mrppEgeEopnp)dEaaopapd
60 40 20 [3 20 40 60
Distance from wafer center (mm)
~ Py 5~ 51
28 3, Cu CMP €899 #iass 3hko]

Fig. 3.

CMP Aol HX= G (@) @b AA
&3} dvp BEUE, (b) Avk AALe

z2ay.
Effects of hydrogen peroxide con—
centration in Cu CMP slurry on Cu

CMP results; (a) material removal rate
and WIWNU, (b) material removal rate
profiles.

a9 32 3wit%e E=zold A¥Ftel 0.01Me

¢}
Cﬂ*&‘z

wﬂgﬂ
2333}

o Az

¢ Cu CMP érﬂﬂ"ﬂ*ﬂ e R S
= Gl #I =A
Lo i}/\ a4 sk 1vol%

,J}1 JJr

q _9,
TSR
SE
A 2
£V
2 %
=2 T
22

2 oAr

=]

EL
5
Mg
o
£,
"
)
-
B
o
%
o

e
)



DIW + Colloidat sitica 0~10wt% + H,0_ 3vol% + CA 0.01M

5000

4800
46001

o

Material removal rate {A/min)

4400
4200
4000
38001
3600
34001

32001

—B- Material removal rate

== WIVVNU 11

\\.5\\\

1 i 1 L 1 1

i

3000

12 3 4 5
Concentration of ¢

+ L
3 7T 8 9 10 11

olioidal silica (wi%)

(a)

DIW + Colloidal silica 0~10wt% + H,0, 3vol% + CA 0.01M

—b— Abrasive Owt%

--s-- Abrasive Twt%
4 - Abrasive 3wt%

—v— Abrasive dwt%
#  Abrasive 7wt%
- Abrasive 10wt%

8000
T
= 7000f
£
o
2 6000
@
-
®
€ so00L
)
§
= 4000}
8
=
[
® 3000f
=
2000
60
3% 4
Fig. 4.

-40 -20 [

20 40 60

Distance from wafer center {(mm)

(b)

Cu CMP £ ¢
o] CMP 73}

AAED Aq BETUE, (b) A9 Al

o == el

9 2oy 7t

vRE d% ()

2 rR oo
o 2 o

Effects of colloidal silica concentration
in Cu CMP slurry on Cu CMP results;
(a) material removal rate and WIWNU,
(b) material removal rate profiles.

glol Aol 9B AL ¢ 4 A WA Cu

g AFAAAM
t, dup TPl

,
ta @ 5 gk
o T4 92 F 90
E 48e se

Ao o el

?E EAF agzet) 1 ]
284 3vol%e T4 0.01IME 3 &8
oA ZFRold st o] F/HESFE &
AALEL T7teke W, dnf EddEE F20
- Ayl 3 6wtlertA 7 =
=

=
e BT ol# e o)
g Avt AL Zesd

>,

77

ANHAAA G T H=EA, A204 A3, 2007 1€

DIW + Colioidal silica 3wi% + H,0,, 3voi% + CA 0.01M + BTA 0~0.2wi%
20

6000

5000~

40001

3000

2000~

1000

Material removal rate (A/min)

—8— Material removal rate

8000

7000

000

5000

4000

3000

2000

Material removal rate (A/min)

1000

0

= B

Fig. 5.

& WIWNU
116
B
B {14
\ 9
112 5
B = R ., 2
AN :
o2 BN = ls B
;7 N
) N \,,\’“ 6
Y, \& —— 4
o 44
. . . . .
0.00 0.05 040 015 0.20
Concentration of BTA (wt%)
(a)

DIW + Colloidal silica 3wt% + HO, 3vo(% + CA 0.01M + BTA 0~0.2wt%

o BTAOwt% & BTA0.025wt% & BTA 0.05wt%
- v BTAO.1wi% % BTA 0.2wi%

%§§§§§§§§§§§§BE.
E@ Y
& $
&&&&A&N&&&&&&\&& S

A

&
L ‘?vwvv‘”$vv"v?\vv‘?m§ws«

L L L L 1

60 -40 -20 0 20 40 60

Distance from wafer center (mm)

(b)

Cu CMP £ ¢ BTA &3] CMP Z
Fo| wA = 4T (a) vt AAEH
vl BEddE, (b dvl AALEY =2
.

Effects of BTA concentration in Cu
CMP slurry on Cu CMP results; (a)
material removal rate and WIWNU, (b)
material removal rate profiles.

2 Aol A Bole dvt AA&e] ZEHAdS
gxolg A7t Y49 FFgol FALFE o
¥ 7}AAE (wafer edge)?] <dwnt AALo] F7hst

2 Bolth W, ol FHY oA A
29 A= Felssl et o ot &
Agelq ArgR 2zolw Az QA7 Aol

wrte 7P E AM R dntsta
Fopa & ¢ Sl ohA] gElA, FEo
I tﬁi}*lﬁ'mi*ﬁ sl o] =



J. of KIEEME(in Korean), Vol. 20, No. I, January 2007.

WIWNU m\\
Conire} the material

! 1 I A removal around

§ § Cu wafer center
L A

§ Citrie acid ’%ﬂ

§ BTA § aaaaa

i |

| Hydr i .

: vdrogen peroxide -

.

i Colloidal silica i B

ST feee

a2 6. Cu CMP €889 T+A48%
Ao mRE G

Fig. 6. Effects of Cu CMP slury components
on uniformity.

Aol stelAE ARe ATk s, )
olv Fo dul AALE AL w8 A
wol &A1Y Wl 1§ 5ael vt

Ao
Evdret 19 5ol vEhd vl QALY =
o Walx g &#@lWe BTA $&o] wopz
AgEe 1;;—0]%];(]13} ol Ao A
v AAES dE& F USdTE 2 ol F
BTA9 #H7bl 98d HMAHEE Cu-BTA
complex Z[9,10]e] <Ant Al G2 whete] ghsbAql
AAG NAH AA 28F o)F F UEE 3
7] WEolgta B4, wabd Cu CMP €88
Wel BTAE® 94 Cu CMPIA Anf #dxEZ
274 3 F de 24ada ¥ F glth
Cu CMP =##& e T4kt BTATHL 4
OH ool ¢dnt AAL d¥¢E vXa, FR
o Azt 9o gEde ol shEAiE e ¢}
AAEE ARG £, JAsEre el
dAuf AAEY ZE3YS WIAT)AE THAT
TEE 4FAA dAvtg X A7=
wekd, Cu CMP €£8de FAa4y

>
koo
o
re 2

dxo] A= JFeE aY 63 go] BE &
U
4. & =
B Apo M 7Ed dFHAYE Cu CMPolA]

o SAY AR A VAN FE e CMp
weiste] Cu CMPIl 9

fape] we] mar

o] webd vk AAE

oo] Wes dAutHz= o

A4 22E
o1l sl 725

o\‘—‘ﬂl

ol A e fﬂlo

F& THAT olE CMPAl 2R ¥, HEEZ o
crtr ZRIde] g og Aez grEn
Wb, AAskea e wigkE dnt AZE 22
shd o] Wstel] HA GFL WAA Fsha AAH

L AN G S ARG, BRI Aol
Qolsle] Thgtel s
o ARES ZTAU Ao 4TE S A
o Bt sAReE ¥4 YAME A§E
BTAE d0l5] 49 dvk A& g
s iAoz wol ARy

O

AAAQ vl AALE BAAABA FAG] o
W EU4e BATE UL AT
Ztakel 2

A7 ARG FaASE 50 am
Wt A S Oxide CMP g o FE L&A AL” 34
o Aol eld] AT of AR 4
A A= R Y

b

]

Ho
ra

[1] C-K., Hu, B. Luther, F. B. Kaufman, J.
Hummel, C. Uzoh, and D. J. Pearson,
"Copper interconnection integration and
reliability”, Thin Solid Films, Vol. 262, Iss.
1-2, p. 84, 1995,

[2] S. P. Murarka, "Metallization Theory and
Practice for VLSI and ULSI”, Butterworth
-Heinemann, Boston, p. 100, 1993.

3] P. Wrschka, ]. Hernandez, G. S. Oechrlein,
and J. King,
planarization of copper

"Chemical  mechanical

damascene
structures”, Journal of The Electrochemical
Society, Vol. 147, No. 2, p. 706, 2000.

[4] ]. Hernandez, P. Wrschka, and G. S.
QOehrlein, "Surface chemistry studies of
copper chemical mechanical planarization”,
Journal of The Electrochemical Society, Vol.
148, No. 7, p. 389, 2001.

[5] T~H. Tsai, Y.-F. Wu, and S.-C. Yen,
"Glycolic acid in hydrogen peroxide-based
slurry  for enhancing copper chemical
mechanical polishing”, Microelectronic
Engineering, Vol. 77, Iss. 3-4, p. 193, 2005.



[6]

[7]

[8]

D. H. Kwon, H. J. Kim, H. D. Jeong, E. S.
Lee, and Y. J. Shin, "A study on the
correlation between temperature and CMP
the
Society of Precision Engineering, Vol. 19,
No. 10, p. 156, 2002.

W.-T. Tseng, Y.-H. Wang, and J.-H. Chin,
"Effects of film stress on the chemical

characteristics”, Journal of Korea

mechanical polishing process”, Journal of
The Electrochemical Society, Vol. 146, No.
11, p. 4273, 1999,

H J. Kim and H. D. Jeong, "Effect of
process conditions on uniformity of velocity

79

[10]

ANAAAESTF =T =], 4208 AlZF, 20073 1€

and wear distance of pad and wafer during
chemical mechanical planarization”, Journal
of Electronic Materials, Vol. 33, No. 1, 2004.
Y. Luo, T. Du, and V. Desai, "Chemical-
The
effect of inhibitor and complexing agent”,
Mat. Res. Soc. Proc.,, Vol. 767, p. F6.10.1,
2003.

Q. Luo and S. V. Babu, "Dishing effects
during chemical mechanical
copper in acidic media”, Journal of
Electrochemical Society, Vol. 147, No. 12, p.
G4639, 2000.

mechanical planarization of copper :

polishing of



