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Abstract: In this paper, we calculated the warpage of bare substrates and chip attached substrates by using FEM (Finite
Element Method), and compared and analyzed the effect of the chips' attachment on warpage. Also, the effects of layer
thickness of substrates for reducing warpage were analyzed and the conditions of layer thickness were analyzed by signal-
to-noise ratio of Taguchi method. According to the analysis results, the direction of warpage pattern in substrates can
change when chips are attached. Also, the warpage decreases as the difference in the CTE (coefficient of thermal
expansion) between the top and bottom of the package decreases and the stiffness of the package increases after chips
are loaded. In addition, according to the impact analysis of design parameters on substrates where chips are not attached,
in order to reduce warpage, the inner layers of the circuit layer Cul and Cu4 has be controlled first, and then concentrated
on the thickness of the solder resist on the bottom side and the thickness of the prepreg layer between Cul and Cu2.
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*Chip size : 7.8 x 7.9 x 0.15mm
*Solder joint : ®80um, Height 80um

Fig. 1. Structure of bare and chip attached substrate for PoP

Table 1. Material thickness of substrate for PoP

Material

Minimum thickness, mm

Average thickness, mm

Maximum thickness, mm

Solder resist on top surface

I** circuit layer

Prepreg between 1% and 2"* circuit layer

2" circuit layer
Core

3" circuit layer

Prepreg between 3™ and 4™ circuit layer

4™ circuit layer

Solder resist on bottom surface

Total thickness, mm

13 14 16
16 18 20
35 38 40
22 26 30
152 155 156
22 26 29
35 37 38
17 18 20
12 14 16
324 346 365
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Table 2. Copper portion of circuit layers in substrate o 0_/
Material Dummy area, % Unit area, % 0 100 200 300 400
I* circuit layer 9 63 Time, second
2" circuit layer 6 63 Fig. 2. Temperature profile with reflow condition.
3" circuit layer 6 61
4™ circuit layer 7 68 Table 4. Factor and level of the Taguchi method for substrate
Level, mm
Factor
Table 3. Material properties of substrate and package for PoP 1 2
] Elastic modulus. CTE.  Poission’s Solder resist on top surface (SR1) 13 16
Materials GPa , um/mj’C ratio I* circuit layer (Cul) 16 20
Solder resist (T, 114 °C) 3.4/0.5 60/130 0.35 Prepreg between 1% and 2"* circuit layer (PPG1) 35 40
Prepreg (T, 154 °C) 7.5 23/78 0.3 2" circuit layer (Cu2) 2230
. Core 152 156
Core (T, 230 °C) 32:5 )z(y 1;05/57/(5) 0.343 3 circuit layer (Cu3) 2 29
Chip 192 15~33 0.3 Prepreg between 3™ and 4™ circuit layer (PPG2) 35 38
Solder joint 61.65 20.8 ~272 04 4" circuit layer (Cud) 17 20
Underfill (T, 65 °C) 8.5 36/120 0.313 Solder resist on bottom surface (SR2) 12 16
Table 5. Orthogonal array of L,,(9) of Taguchi method for substrate
No. SR1 Cul PPGl1 Cu2 Core Cu3 PPG2 Cu4 SR2  Total thickness, mm
1 13 16 35 22 152 22 35 17 12 324
2 13 16 35 22 152 22 35 20 16 331
3 13 16 35 30 156 29 38 17 12 346
4 13 16 35 30 156 29 38 20 16 353
5 13 20 40 22 152 29 38 17 12 343
6 13 20 40 22 152 29 38 20 16 350
7 13 20 40 30 156 22 35 17 12 345
8 13 20 40 30 156 22 35 20 16 352
9 16 16 40 22 156 22 38 17 16 343
10 16 16 40 22 156 22 38 20 12 342
11 16 16 40 30 152 29 35 17 16 351
12 16 16 40 30 152 29 35 20 12 350
13 16 20 35 22 156 29 35 17 16 346
14 16 20 35 22 156 29 35 20 12 345
15 16 20 35 30 152 22 38 17 16 346
16 16 20 35 30 152 22 38 20 12 345
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Fig. 3. Warpage of bare substrate under reflow condition.
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Fig. 4. CTE difference between upper and lower parts of core
layer in bare substrate.
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Fig. 6. warpage of chip attached PCB substrate under reflow
condition.
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Fig. 8. Warpage distribution of chip attached PCB substrate at end
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Level SR1 Cul PPG1 Cu2 Core Cu3 PPG2 Cu4 SR2
1 9.463 13.333 9.836 9.153 9.341 9.547 9.163 10.095 9.895
2 9.426 5.557 9.053 9.736 9.548 9.342 9.727 8.794 8.994
Contribution ratio, % 0.3 62.9 6.3 4.7 1.7 1.7 4.6 10.5 7.3
Ranking 9 1 4 7 8 6 2 3
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Fig. 9. Main effect parameters of bare substrate warpage on SN ratio.

J. Microelectron. Packag. Soc. Vol. 27, No. 3 (2020)



66 PoP& Substrate®] Warpage 7145 918l &

F22WE o83 A Aejuet AT

Table 7. Optimized thickness conditions of parameters of substrate for low warpage

Parameter SR1 Cul PPG1 L2 Core L3 PPG2 L4 SR2
Thickness, mm 16 16 35 30 156 22 38 17 12
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