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Abstract

Cu removal rates for various SiO: trench pitch sizes and densities and AFM images of surface
profiles after global planarization using Cu CMP technology are investigated. In the experimental
results, Cu removal rates are increasing as the pattern densities and pattern pitches are getting high
and low, respectively, and then decreasing after local planarization. The rms roughness after global
planarization are about 120A. AFM images with a 509 pattern density for 1um and 2um pitches show
that thicknesses of 120~330A Cu interconnects have been peeled off and oxide erosion of Cu/SiOz
sidewall is observed. However, AFM images with a 509 pattern density for 10gm and 15¢m pitches
show that 260~340A thick Cu interconnects have been trenched at the boundaries of Cu/SiOz

sidewall.
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Fig. 1. Designed patterns for this experiment.

(a) A cross-section of designed pattern
(b) A Photography of designed patterns
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Fig. 2. AFM image of surface without trench
patterns.
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Fig. 3. Removed thickness vs. pattern pitches and
densities.
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Table 1. Measured rms roughness vs. pattern
pitches and densities.
Pitch Designed Measured Measured ms
(m paiftem Qu Line Pa@an roughness
density(%) | width(um) | density(%6) (A)
30 031 31 58
! 50 051 51 A5
20 042 21 117
0 064 32 132
2 50 1.02 51 103
70 142 71 230
20 113 23 110
> 30 1.65 3 170
20 2.3 24 1%
30 334 3 132
10 50 467 47 805
70 7.44 74 102
20 31 21 113
30 424 2 &
1o 50 81 5%] 765
70 11.25 {5} 69.7
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Fig. 4. Surface profiles and AFM image of pitch 1
im with pattern density 50%.
(a) Surface profiles (b) The 3D AFM image
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Fig. 5. Surface profiles and AFM image of pitch 2
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Fig. 6. Surface profiles and AFM image of pitch 10
(m with pattern density 50%.
(a) Surface profiles (b) The 3D AFM image

(b)

08 7. 94 15m 2 A"UE 50%9 T4 profile 2
AFMIA
(a) Il ¥4 profiles (b) 3D AFM <A
Fig. 7. Surface profiles and AFM image of pitch 15
(m with pattern density 50%.
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olgld WAL Cudl 4 ¥ Cugl SiO2le] H&E

A& MAs) $isled 271l HFHe Cufl grain

A Hx727] 3 Gz & Cu CMP F48 AFM £ &3 A+

&R

=0
o=

21E B, AREY ARSY A7
of AN 4 9le ASE Az}

23

2
=

V. =

2 E=Eelds A zAM2] sub-micron
54 via-hole #Ael & 7153 Cu
Damascene Z4& ol&3le] & ¥xz37] 4 U=
e} CMP Ajzlel] W AntBAE d7eislen, 7|
Hers} o]F AFM dAke® "l profile ¥ 3D %
AS B F BAPES Asisich AdZE, sE
Hx =771 A3 dEblErt S495 2] dArkge]
ZTBle AgE Beon, dvbrzlel S o
ulgo] zhashs AE FRIENh ole &r|dvkee]
e od) wE dviyl A=Ec) a-e] Hvt

\‘_‘li]

A FE oduigo] EslEle Aoz Aledol =3
187} “h?} %ol Si0; trench #Helo] gls {9

rms roughnesse 221A°0% 4353 AF}E 44
T dsich wriEEsbl 455 R ¥Ws ="
T =zr] 9 "Wxe wel AFM 9ACE #4832
7 WP rms roughnesst 120A 22 of&slgdch
a2 A" AX=27]7F 2im ol3tel 50262 SRl
EE Ze dEle 79olls Cudl di-Ee] 1204~
330AAxe] Zlo|2 wHeld vrpHA Avir}t 319H
o] Si0x¢} CuZdAHd oxide”} erosion® Z-& el
& 4 9lgdr) ©)# Cu®l peeling dARS- Cu9l 94
3} SiOp9he] Aol EAIY ZoE AlEXch =3}
AR Hx =27)17F 10m Z 15melxds Curt EolA
Wi AL B & 9Ae Cust Si0, A F8
o Curl 264~33BAAER IAY A& ¥ 5 UK
t} ol= Cu®t SiO7He] AHAY EAZ A% AAH
9] slekA]l el AF 9 oA 2D AAE oxide
erosion®] 23 Zo® Algslc) o]xdk FAE A
3] YeiMs Cud = AjAs Cusl A=ixr} H)
=7 AAEe AT 5ol Aol ¥ ALE AR
)=

=1
=

i
[1] Cater W. Kaanta et al. “Dual Damascene :
A ULSI Wiring Technology”, IEEE VLSI

Mutltilevel Interconnection Conference,



198F 98 BFI2EmXE #3544 DR 9%

VMIC, 1991, pp. 144-152

Nobuyoshi aways et al.“Evaluation of a
Copper Metallization Process and the
Electrical Characteristics of Copper Inter-
connected Quarter-Micron CMOS”, IEEE
Trans. Electron Devices, vol.43, no. 8, pp.
1206-1212, 1996.

Linda Gerppert. “Copper forges deeper
submicron ICs” IEEE Spectrum, 1998, pp.
23-28.

H. van Kranenburg and P. H. Woerlee.
“Influence of overpolish time on the per-

[21]

[3]

(4]

& % ~(EFR)

1973 79 2894, 1996 F=o)
s Aalgstst e 19989 84
SN AT TR F
By oRe CMPE ol 83t th2il
34 9 0w 24 A 5

F W E(E&R) % 338 AR F o 2R

A RS e AR g
Al AR FRoks S
F A Az} Y MMIC AA - A
A5

= C(FE&R)

19714, 1997 28 Eelw
AAFE} AL 19979 ~ &
A mg2et ZelolF) A7, F3
Aok 313HE kAl 44} 2 RF
3z dA 59

M Rp 2N

(845)

25

formance of W-Damascene technology”,
Chemical Mechanical Polish for ULSI
Mutilevel  Interconnection
(CMP-MIC), pp. 91-98, 1997.
Milind Weiling et al. “Pattern Density
Evaluation For Oxide CMP Processes”,
Chemical Mechanical Polish for ULSI
Mutilevel Interconnection Conference(CMP
-MIC), pp. 65-68, 1997.

w37], o|]RF 9, “CMPE |43 A3} Cu
Damascene 374 A7, H3FdzFE3] 34
Sl =14, A 209, 2%, 11. 1997

Conference

(5]

[6]

P = X E(EER)

19671 119 1894, 1997 F=0)
L AR HAL 1997 ~ &
A TR AT Al
AW FHAEoRs 2Ty F2
A = Cu wiAdRel B

F & MOERR)

% 31% AR % 19 B
WA FIS sl WA
S AR FRARoks S
2 wEA 27 % MMIC 47 - 4]
454

* 0 AERR) % 335 AR % 1200 B
A FRSE AApss 24



