Journal of the Korea Academia-Industrial https://doi.org/10.5762/KAIS.2021.22.1.321

cooperation Society ISSN 1975-4701 / eISSN 2288-4688
Vol. 22, No. 1 pp. 321-326, 2021

dtgt gojwo] AA A &4 Hast 7%

0|5t
oo
st MAT|E0HS 7| AIS St

Technology of Minimized Damage during Loading of a Thin Wafer
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Abstract This paper presents a technique to minimize damaged wafers during loading. A thin wafer used
in solar cells and semiconductors can be damaged easily. This makes it difficult to separate the wafer
due to surface tension between the loaded wafers. A technique for minimizing damaged wafers is to
supply compressed air to the wafer and simultaneously apply a small horizontal movement mechanism.
The main experimental factors used in this study were the supply speed of wafers, the nozzle pressure
of the compressed air, and the suction time of a vacuum head. A higher supply speed of the wafer under
the same nozzle pressure and lower nozzle pressure under the same supply speed resulted in a higher
failure rate. Furthermore, the damage rate, according to the wafer supply speed, was unaffected by the
suction time to grip a wafer. The optimal experiment conditions within the experimental range of this
study are the wafer supply speed of 600 ea/hr, nozzle air pressure of 0.55 MPa, and suction time of 0.9
sec at the vacuum head. In addition, the technology improved by the repeatability performance tests can

minimize the damaged wafer rate.
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Fig. 1. Conventional unloading method of a thin wafer.
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New unloading method with both small
horizontal movement and compressed air
supply to thin wafers.

Fig. 3. Small movement mechanism using air cylinder
(dotted box: linear air cylinder).
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Fig. 4. Photograph of attached wafer under vacuum
head.
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Fig. 6. Counted damage trend at the nozzle pressure
of 0.55 MPa and vacuum time of 0.9 sec
according to the variation of supply speed.
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Fig. 7. Counted damage trend at the speed of 600
ea/hr and vacuum time of 0.9 sec according
to the variation of nozzle pressure.
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Table 1. Counted damage at the experimental
condition of 600 ea/hr(speed) and 0.55
MPa(pressure) according to the variation of
vacuum time.

/ No. of experiment | ! 2 3
05 sec 1 0 1
0.9 sec 0 0 0
1.3 sec 0 0 0
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Table 2. Selected 3 factors and 3 levels.

Levels
Factors
1 2 3
Head speed (ea/hr) 360 480 600
Air pressure (MPa) 0.35 0.45 0.55
Vacuum time (sec) 0.5 0.9 13

Table 3. Experimental results by the full factorial
design method.

Osrzider (i_ lCJin Speed | Pressure Time izumlzge:
48 1 50 0.35 13 384
49 2 50 0.45 0.5 24
27 3 50 0.55 1.3 2
31 4 30 0.45 0.5 168
44 5 40 0.55 0.9 0
6 6 30 0.45 1.3 24
14 7 40 0.45 0.9 120
47 8 50 0.35 0.9 504
36 9 30 0.55 1.3 21
16 10 40 0.55 0.5 18
8 11 30 0.55 0.9 0
29 12 30 0.35 0.9 239
3 13 30 0.35 1.3 244
5 14 30 0.45 0.9 51
22 15 50 0.45 0.5 2
12 16 40 0.35 1.3 312
23 17 50 0.45 0.9 16
46 18 50 0.35 0.5 272
11 19 40 0.35 0.9 301
1 20 30 0.35 0.5 197
25 21 50 0.55 0.5 0
30 22 30 0.35 13 216
40 23 40 0.45 0.5 31
53 24 50 0.55 0.9 0
19 25 50 0.35 0.5 548
20 26 50 0.35 0.9 492
9 27 30 0.55 13 0
43 28 40 0.55 0.5 1
15 29 40 0.45 13 216
32 30 30 0.45 0.9 73
51 31 50 0.45 1.3 144
17 32 40 0.55 0.9 1
34 33 30 0.55 0.5 1
38 34 40 0.35 0.9 423
26 35 50 0.55 0.9 0
35 36 30 0.55 0.9 0
10 37 40 0.35 0.5 417




uht 9olmo] A A 24 Hash 7%

42 38 40 0.45 1.3 264
33 39 30 0.45 13 288
41 40 40 0.45 0.9 216
45 41 40 0.55 1.3 0
50 42 50 0.45 0.9 48
4 43 30 0.45 0.5 41
2 44 30 0.35 0.9 261
21 45 50 0.35 1.3 455
52 46 50 0.55 0.5 0
28 47 30 0.35 0.5 243
7 48 30 0.55 0.5 1
37 49 40 0.35 0.5 336
54 50 50 0.55 13 0
18 51 40 0.55 1.3 1
13 52 40 0.45 0.5 96
39 53 40 0.35 1.3 230
24 54 50 0.45 1.3
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Fig. 8. Main effects plot of mean damaged wafer.
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Fig. 9. Interaction plot of mean damaged wafer.
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Table 4. Experimental results for repeatability of wafer
damage rate at the optimum condition.

No. of experiment (upper) vs.
No. of damaged wafer (lower)

1 2 3 4 5 6 7 8 9 10
0 0 0 0 0 1 0 0
11 12 13 14 15 16 17 18 19 20
0 0 0 0 0 0 0 0 0 0
21 22 23 24 | 25 26 | 27 28 | 29 30
0 0 0 0 0 0 0 1 0 0
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