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Abstract: Chemical mechanical planarization (CMP) is an essential process for ensuring high integration when man-
ufacturing semiconductor devices. CMP mainly requires the use of polyurethane-based polishing pads as an ultra-
precise process to achieve mechanical material removal and the required chemical reactions. A diamond disk performs
pad conditioning to remove processing residues on the pad surface and maintain sufficient surface roughness during
CMP. However, the diamond grits attached to the disk cause uneven wear of the pad, leading to the poor uniformity
of material removal during CMP. This study investigates the pad wear rate profile according to the swing motion of
the conditioner during swing-arm-type CMP conditioning using deep learning. During conditioning, the motion of the
swing arm is independently controlled in eight zones of the same pad radius. The experiment includes six swing-
motion conditions to obtain actual data on the pad wear rate profile, and deep learning learns the pad wear rate profile
obtained in the experiment. The absolute average error rate between the experimental values and learning results is
0.01%. This finding confirms that the experimental results can be well represented by learning. Pad wear rate profile
prediction using the learning results reveals good agreement between the predicted and experimental values.
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Table 1. Conditioning test conditions

Pad’s edge <— % of conditioner’s duration — Pad’s center

Test No.

Z1 72 Z3 74 Z5 76 77 78

1 17.4 16.0 14.6 13.2 118 10.4 9.0 76

2 7.6 9.0 10.4 118 13.2 14.6 16.0 17.4

3 18.0 14.0 10.0 8.0 8.0 10.0 14.0 18.0

4 8.0 10.0 14.0 18.0 18.0 14.0 10.0 8.0

5 17.0 17.0 17.0 17.0 8.0 8.0 8.0 8.0

6 8.0 8.0 8.0 8.0 17.0 17.0 17.0 17.0

7 (Prediction) 12,5 12,5 12,5 12,5 12,5 12,5 12,5 12,5
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Fig. 1. Pad wear rate profile of Test No. 1.
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Fig. 2. Experimental results and learning results by
deep learning of Test No. 1~6.
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Fig. 3. Absolute errors between experimental results
and study results.

o] & = mirg T2l YedS 53l gsE
AN BT ot e5e] A= AF A9E & &
FToh= Zlo= Holw, Sk A}t ARG oAE2
Fig. 30 Jepliitt. <5 Alole A3 Helee] A <
o8 FF3ISl e, oA ALkl X E d= AYA
3 A AP HE A o = 4l e 2Elst
| QEAUT.

Test No. 13} 7Fo] z1o] & 7AS-@= 7P}l A
Oy &9 E57F = A9 = 7PIRe] o] vies
F7Fle s Hola, 78] & A5-E= T4 o
AT 29 £57)F =& 79 Test No. 29} 7Ho]
17 Q12 H= wlEgo] FTIsHt. AT B
2= A7k Z23jo] «v gl Z-$-(Test No. 3) 7]
MUzt si= 43 7PARRle] 1 99S whEA A
7] Wizl iAo s st siE wiEg T2 alo] g
S5}, “A"ESl Z$-(Test No. 4) H= 543t 7FA)e]
o] F7+ Foo] WEA mEEE RS gRIT F Uk
Test No. 59F No. 62 717} ZAT|AqU7L gool myEs
AlZre] ZRalo] Wt <Pl (=Y & A5 7t
zhep, R e F4 s 4 Q12 HEFG
Al 7PEARP7EA 9] ZEeo] 7] 8oiR] = S Bl

Fig. 3°A A A8 ehsae] exkee d=
FAT el ok F7IeIA R ol A SRt
o] A2l 0ol ZAskaL o] 2k QAlglll® Ao s
Z 2AE-E Hole Zlo= Azt 2 Afoxe d
O] i 222 0.01%= B9 53 A48 245
- 2 85k o2 ATkE

S5 A7E vIEO 2 Table 19] Test No. 7(Prediction)
I o] A FYA g ATMHY 29 258 3=

o

s

Vol. 40, No. 2, April 2024



70 ups

e

;]

1.0
> |2nd Conditidning 3rd Conditioni
4th Conditioning 7 5th Conditioning
0.5 6th Conditioning t t

Average Valus(an-Glh)

; s Prediction

Pad wear rate (um/min)

45k

-2.0
-250 -200 -150 -100 -50 0 50 100 150 200 250
Distance from pad's center (mm)

Fig. 4. Prediction and experimental results of pad wear
rate profile (Test No. 7).
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