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Article history:

Fan-out wafer-level packaging (FOWLP) is an advanced packaging technology
that supports high integration and miniaturization of semiconductor devices. In
thermal processes, such as soft bake, chamber-internal flow behavior strongly

influences wafer temperature uniformity and process reliability. While most
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previous studies have focused on material properties and thermal stress,
quantitative evaluations of flow characteristics inside chambers are limited. This
study conducted steady-state computational fluid dynamics (CFD) simulations

Uniformity using ANSYS Fluent® to investigate the effects of inlet geometry (hole or slit) and
Soft bake the presence or absence of a baffle structure on the internal flow. Velocity and
FOWLP pressure distributions across the wafer surface were analyzed to assess flow
CFD uniformity. The results demonstrate that baffle placement and chamber geometry
significantly affect flow stability and distribution. Thus, this work provides
fundamental insights into optimizing chamber designs, by identifying key flow
variables essential for achieving uniform thermal processing in wafer-level

manufacturing systems.
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Table 1 The wafer data range

Name Range
Range 1 0mm ~ 30 mm
Range 2 30 mm ~ 60 mm
Range 3 60 mm ~ 90 mm
Range 4 90 mm ~ 120 mm
Range 5 120 mm ~ 150 mm

Table 2 Inlet and outlet boundary condition

Inlet pressure [kPa]

100 kPa

Outlet pressure [kPa]

Case 1 Case 2

0.05 kPa 0.15 kPa
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Fig. 3 Result of velocity according to range in the hole chamber
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Fig. 4 Result of pressure according to range in the hole chamber
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Table 3 Hole chamber velocity results

Non-baftle With baffle
Value
0.05 kPa 0.15kPa 0.05 kPa 0.15 kPa
STD [-] 2.43 2.43 1.32 1.32
Ave [nvs] 442 442 2.11 2.10
Max [m/s] 132 12.8 6.84 6.84
Min [my/s] 0.1 0.2 0 0
Table 4 Hole chamber pressure results
Value Non-baffle With baffle
0.05 kPa 0.15kPa 0.05 kPa 0.15 kPa
STD [-] 1.86 1.85 0.53 0.53
Ave [kPa] 24.0 24.1 80.0 80.0
Max [kPa] 27.6 27.6 81.0 81.0
Min [kPa] 222 22.3 79.5 79.5
+, baffleo] @l FRoME Ft oF 24 kPal] A%} 140l 973
W, baffleo] 2ZoHd Lol E Bt 80 kPa 459 AThA]
o= g el
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Table 5 Range velocity for hole non-baffle chamber

Table 8 Range pressure for hole with baffle chamber

Value 0.05 kPa 0.15 kPa Value 0.05 kPa 0.15 kPa
[m/s] Average STD Average STD [kPa] Average STD Average STD
Range 1 1.55 0.69 1.57 0.64 Range 1 80.96 0 80.98 0
Range 2 3.37 1.02 334 1.00 Range 2 80.89 0.055 80.92 0.055
Range 3 5.37 3.08 5.37 3.07 Range 3 80.39 0.26 80.42 0.26
Range 4 5.18 3.06 5.18 3.10 Range 4 79.64 0.11 79.67 0.11
Range 5 3.96 0.97 3.97 0.97 Range 5 79.57 0.069 79.60 0.069
Table 6 Range velocity for hole with baffle chamber Table 9 Slit chamber velocity results
Value 0.05 kPa 0.15kPa Value Non-baffle With baffle
[m/s] Average STD Average STD 0.05kPa | 0.15kPa | 0.05kPa 0.15kPa
Range 1 0.075 0.031 0.079 0.030 STD [-] 3.45 3.46 1.47 1.46
Range 2 0.95 0.72 0.94 0.71 Ave [nm/s] 9.15 9.15 2.44 2.44
Range 3 2.59 1.53 2.59 1.52 Max [m/s] 17.5 17.5 7.02 8.28
Range 4 2.54 1.61 2.53 1.60 Min [nvs] 0.05 0.04 0.02 0
Range 5 2.12 0.43 2.1 0.43
Table 10 Slit chamber pressure results
Table 7 Range pressure for hole non-baffle chamber Value Non-baffle With baffle
Value 0.05 kPa 0.15kPa 0.05 kPa 0.15kPa 0.05 kPa 0.15kPa
[kPa] Average STD Average STD STD [-] 1.1 1.12 0.15 0.15
Range 1 27.44 0.072 27.53 0.066 Ave [kPa] 78.1 78.1 97.5 97.5
Range 2 27.11 0.16 27.21 0.16 Max [kPa] 82.6 82.8 97.9 97.9
Range 3 25.58 0.85 25.69 0.85 Min [kPa] 76.5 76.5 97.1 97.1
Range 4 22.83 0.44 22.94 0.44
Range 5 | 22.63 0.28 22.73 0.28 Nof|A] 9Zroz ot e HiS 7]t 3t 929 WA
A ATS Wt Aoz BuEr.
baffle T27F Y& A HA 0m/s9] ¢43] FAE 528 o] Fig. 59} Fig. 62 slit chamber UlolH @AY &8 9 gt
¥ Sgoll 24 range 33} 491 2.5 misoll 7MHE 35S mm(Contour)2 R EAlo|tk TAAOR, Fig. 59 (c-1)T
F/gatat vpAlE flols Bdeld 2misell 7I7ke 35S B (c-2)% slit non-baffle FRoN 9] &3 Rzol 1 Wt Al
Atk o] 24| range 33t 4ollA FHH SF2 AT EIHE el Fig. 69) (d-1)F (d-2)= BUI FRo|N] o Bx
523 PPk ol folstor Ak, Y 24 W ATE AR AN ol
Fig. 49] ¥ R3] A =3t baffle 120] f-7eF FARC] Table 99} Table 102 slit chamberol|A9] 42 & Qi2o] Tt
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Table 11 Range velocity for slit non-baffle chamber

Value 0.05 kPa 0.15 kPa

[m/s] Average STD Average STD
Range 1 2.17 1.53 2.16 1.54
Range 2 4.51 1.97 4.50 1.97
Range 3 8.34 1.77 8.33 1.77
Range 4 10.87 1.64 10.86 1.64
Range 5 10.64 3.17 10.65 3.18

Table 12 Range velocity for slit

with baffle chamber

Value 0.05 kPa 0.15 kPa

[m/s] Average STD Average STD
Range 1 0.14 0.051 0.20 0.16
Range 2 0.38 0.21 0.49 0.28
Range 3 1.22 0.74 1.17 0.74
Range 4 3.07 0.70 3.04 0.71
Range 5 3.61 0.90 3.59 0.92
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Table 13 Slit non-baffle chamber pressure results

Value 0.05 kPa 0.15 kPa
[kPa] Average STD Average STD
Range 1 80.51 0.28 80.52 0.28
Range 2 79.70 0.30 79.72 0.30
Range 3 78.19 0.49 78.21 0.49
Range 4 77.26 0.099 77.28 0.099
Range 5 77.90 1.07 77.93 1.08
Table 14 Slit with baffle chamber pressure results
Value 0.05 kPa 0.15 kPa
[kPa] Average STD Average STD
Range 1 97.72 0 97.72 0
Range 2 97.71 0.012 97.70 0.023
Range 3 97.61 0.061 97.62 0.056
Range 4 97.38 0.056 97.39 0.058
Range 5 97.39 0.10 97.40 0.11
SR U7 B4 2701 baflle 729] Qa0 Qsh, 2]
2] £33 baffleo] Y= 7ol HI) 2 20kPa A= &2 o2
W Ao Lehdet, 3, 7 7ol WHE U 209l Aol
7} 0.3-0.4kPa 4-20] Ekslo], slolo 3 ol A 4
ooz FUT QY B QYIRS AR, o2l 2
S baffle 727} S5 Mtk 127 A, HHQ )
g 2AsH: l 710i3le 7heAe STt
DAAoE Qe Bmel 24 AwEY, foln FAuq
range 1914 oF 97.7kPa9 Xutf ¥o] PAEon, ol
range 47H = A7 A 08 ZrAasto] ofF 97.38 kPa| ¥ S U

Wt glola] 7FEARER range SellA: oF 97.39 kPad] o]
w0} A 7t the] 4 Wl u)n|3t 4220 Exleielont,
g 7t A 9] QrEle AtfHos BotAst 9% a3l iy
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