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Abstract: In this study, an acoustic emission (AE) sensor was used for measuring the abrasive and molecular-scale
phenomena in chemical mechanical polishing (CMP). An AE sensor is a transducer that converts a mechanical wave
into an electrical signal, and is capable of acquiring high-level frequencies from materials. Therefore, an AE sensor was
installed in the CMP equipment and the signals were measured simultaneously during the polishing process. In this
study, an AE monitoring system was developed for investigating the sensitivity of the AE signal to (a) the variations in
the material properties of the pad, slurry, and wafer and (b) the change in conditions during the CMP process. This
system was adapted to Oxide and Cu CMP processes. AE signal parameters including AE raw frequency, FFT , and
amplitude were analyzed for understanding the abrasive and molecular-level phenomena in the CMP process. Finally,
we verified that AE sensors with different bandwidths could function in complementary ways during CMP process
monitoring.
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Fig. 1 A Schematic of AE monitoring system
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Table 1 Conditions of experimental

Parameters Conditions
Pressure 300 g/cm’
Velocity 60/60 rpm
Conditioning Ex-situ
Pad 1C1400
Oscillation None
Slurry ILD1300 & EPL
Wafer Thermal oxide& Copper 4”
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Fig. 2 Acquired AE raw signals in Cu CMP and Oxide

CMP

o} &£elg, tolotEr dat
A= AE 94155 yeRIT C

(c)

sotom 000 25.00m 50.00m

®

Time(s)

E FYs Ao
Cu CMP ol &= &

¥ AE 9215 7F 747t Oﬂ_v}xﬂ(mw Diamond
Abrasive, Slurry)oll we} &AstA Fio] H= A

g & ATk Avp A3 BEfz} Cu o] o
of Be& Am A HAYTS Setogw 3
A1}k AR Oxide CMP ol A= AE €
} A Wb gl s A, Ant
E3E Oxide dlo]¥ o] HHAA = Hdo=
7hedk 2 A= AY EAAeA k.
Oxide ?lo]H el vlal Fofa oz AHRl Cu
7F JAbell o sk Asto]l HA wAShE A

|

OEFIF mE-ﬂ }01' g

2 oglow, olgd A AE dAlTRE

=2 7 dFE NG 5 UM old A
TAT LA dNsE EMFow

CMP ZF3te] F#HAAE F5E AS5E 7}

Al stk 531, Cu flolHol = Avl YA}l
£ AE 93ls 540 vg27] g cMp A
AAreke] A I AP FrAH R

g dart v 2ey AE 9Als EARke
T AE T35 54& gsh] offh ol

o Ho S R d ot 2 O o > O mlo
O
£
o

3.2 AEFFT &4

Fig. 32 7} ¥4 w2 FFT a4 232 vt
itk B g A= FFT window 35 ZFol A
Hamming window 32(2] (1))& AH&3}3I T}

win]=0.54- 046Xcos( ) 0<n <N.(Q)

o] FFT T35 Ao loJA Hamming
window $H7F 1% A Eo = a7t EAE
T Utk wdo] AARE 2lso] HFTIAE
OfW T FIeE F9F7] "itel] ~FEFR
o] HojAa, Fao s A
utk= Aol 7] wWiiEell FFT 4] =
gttt o714 N 2 3k HiolH e & L}E}
W 1M o] dHeoly iR FHSiA FFT & AAlSh
ATh

4 Fig. 3(a)°l A= Cu ¢} Oxide CMP &4 &
o tlolol= JA(30~40 ym)S Y& Ayeld,
Oxide ° ®|&l Cu oAM= Fa¢] Fo] AA
YRS gele 4= QIth Cu CMP oA &= #Anky
o2 A Fgl Fu Wb ey, 53] 120
KHz osloll A& x13%2] Wslrt gds] xfo]7}h w7

2 4 of W{N



LIPS o = s A s =g
866 =T 'y )

2 U = Uitk EH 20, 40KHz FEAAE 98 HAT £ Ak . o)
AZe Wyl A GEe BR1E S AT Fig 3belAE 2zte] 34 T 2dd &

121} Oxide CMP ol A= 20, 40 KHz oA % o & Azl B4 Azeld], Fig. 3(a)9Jr A}
Z WSyl QAR AdbH o g Fil B4 W) AWE YepdS 208 = At =3 60, 80,
) 100 KHz 2ol 2 %o wslsl vepre o

=

o AT £ A 1Y ol MR e FHI
S oo sebg dnksly) e MR e SRl selad
2 e AgEHR] W ot Axtste] vt Bag
£ am, ASi Apsdn & A4 dote 449 e
- o Al W 37t A7t Bag sow
0.0050 /\}E%Tﬂ—
_— Fig. 3(c)ol A= Z7be] 34 ol DIW 9 §¢
§ o] o WE NE B A%E Gerdn 7o) §7
2 o Fol DIW B frYshaA A58 Az, Pt
* oo & B4 s 54 Fasuel Wb wanA
' ekt o W@ slolw st wme whae] o
e B AsE PEHA 28 FAT 4 YT ol
(@ & A gk mE fdes oMp o 4
o I G L - S [ R SRS R s A
. T qujol welate bl o8] WAl AEE 7
2 e | 2T 5 a8 olas g e dns
£, ] 5 =4 Zolgl
Emll] | e a5 T an s
O T e A B R el e Aol mal A5 A
0 100k 200k 300k 400k 500k 5
o 37 aL, o]& AE RUHH A|AES o] 835}
] 7 = = 3] 510 [ S >~
2 o] oidersny | ATl TG B4 o) HeE AT 5 9l
%_ 0.002 1 o
g 0001 | ] L7z
0.000 -4 ' ; . . : ﬁg—m«m
T e © AFAIAE CMp 3N WA el
(b) A 2% Fol A AE sensor & ©]83 42l% 5 ¢
NERNE FA CMP AT FRRAE o
] ew | mmR e 49 4% AE 945 RS Cy
g oo ] 1 CMP 7} Oxide CMP o ¥]3] thooh= i} &
g o) 1 dEs 2o gAY 43S ol Ueg AP
<wl | & sl ol cu A1 H 7} Oxide HolH] ¥
o T e aw ek w3 cdols] wEe] el @ ad A a4
o] Sol wol WAFEL FFE + Atk e AR
% qom ] T s B ME Oxide CMP oA WA= Al
: 1 = gl st njulste] vA AEE 2]
Somi | oleigel Aginh o)) F4 o BT 42 B
T mx e mx w4 F A9 ws) woth oM Asst As
Freauency (Hz) Ao BAA dAvpAtel] FEFES wA= AR
© o Fol wep i =B llﬂ i:ﬂlA;}i%
i i i i geldt 4= AT =T FFT & &3 42l
T 3y Wit shurry (EPL 3 wi % and ILDI300), & RANE AT + @AW 57 3eln
(c) with DIW AEE wA 5 ATk BB FFT & FalA



CMP &A= ik =%

b [}

CMP &Aoo A WA= 2%
of oaf At A= 9
Sl wla) o} wuleirhe
ok oleldt Ak B AT
B A=ES ol &ste] £ ¢ o
2] digk A77F AgE

SIS
50 0o i fo Lo o
o ofo >
) -
aY)
m =
ol
ko =

Lo

An

N
dlo
i
>
>
o
i)

ikl
Kl
Mo
ot

(References)

(1) Berman, M., Bibby, T. and Smith, A., 1998, “Review
of In Situ & In-line Detection for CMP Applications,”
Semiconductor Fabtech, 8" edition , pp. 267~274.

(2) Lee, Y., Chang, A. K. and Dornfeld, D. A., 2002,
“Acoustic Emision Monitoring for the Diamond
Machinging of Oxygen-free High-conductivity Copper,”
Journal of Materials Processing Technology, Vol 127,
No.2, pp. 199~205.

(3) Wang, L., Gao and Rovert, X., 2006, “Condition
Monitoring and Control for Intelligent Manufacturing,”
Springer, pp. 126~129.

(4) Karpuschewski, B., Wehmeier, M. and Inasaki, I.,
2000, “Grinding Monitoring System Based on Power

o WE AE A% EA 867

and Acoustic Emission Sensor,” CIRP Annals-
Manufacturing Technology, Vol 49, Issue 1, pp.
235~240.

(5) Lturrospe, A., Dornfeld, D. A., Atxa, V. and Abete, J.
A., 2005,“Biceptrum Based Blind Idendification of the
Acoustic Emission(AE) Signal in Precision Turning,”
Mechanical Systems and Signal Processing, Vol 19,
Issue 3, pp. 447~466.

(6) Choi, J. H. and Lee, D. E., 2005, “In-Situ Acoustic
Emission Monitoring of Surface Chemical Reactions
for Copper CMP,” CMP-MIC, pp. 415-422.

(7) Jeong, H. D., Kim, H. J., Lee, S. H. and Dornfeld, D.
A., 2006, “Multi-Sensor Monitoring System in Chemical
Mechanical Planarization(CMP) for Correlations with
Process Issues,” CIRP Annals-Manufacturing Technology,
Vol 55, Issue 1, pp. 325~328.

(8) Lee, H. S., Park, B. Y., Kim, G. Y., Kim, H. J., Seo, H.
D. and Jeong, H. D., 2004, “Effects of Friction Energy
on Polishing Results in CMP Process,” Trans. Korean
Soc. Mech. Eng. A, Vol. 28, No. 11, pp. 1807~1812.

(9) Lee, H. S., Park, B. Y., Seo, H. D., Jang, W. M. and
Jeong, H. D., 2005, “A Study on the CMP of Lithium
Tantalate Wafer,” Trans. Korean Soc. Mech. Eng. A,
Vol. 29, No. 9, pp. 1276~1281.



