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Thermal analysis for 3-D FPGA with TSV technology
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Abstract : To explore the factors affecting the temperature of the three dimensional Field
Programmable Gate Array(FPGA) chip, a finite element simulation model targeted three dimensional FPGA
is proposed. First, the model is constructed using commercial software Flotherm based on Through Silicon
Via(TSV), micro bump, flip chip eutectic bump, interposer, Ball Grid Array(BGA) solder ball and PCB.
Then, the model is adopted to analyze the temperature of the three dimensional FPGA chip with different
numbers of TSVs and stacking layers from qualitative and quantitative point of view. It is found that the
average temperature increases from the bottom chip to the top chip, and the average temperature of each
layer increases with the decrease of the number of TSVs and the increase of the number of stacking layers.
The experimental results are consistent with the results published in the literature, indicating the
feasibility of the proposed simulation model in the analysis of the parameters influencing the temperature
of the chip.
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Fig.2 Finite element simulation model of a 3D FPGA with four layers of chips
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Table2 Temperature value of the chip on each layer when the number of TSVs is 900,1 800,2 700 and 3 600

number of TSVs Chip minimum temperature/ “C maximum temperature/ °C average temperature/ °C

Chip 1 49.43 52.48 51.12

900 Chip 2 53.73 55.50 54.73
Chip 3 56.49 57.97 57.11

Chip 4 57.74 59.23 58.29

Chip 1 45.74 49.29 47.73

1800 Chip 2 48.55 50.92 49.77
Chip 3 50.27 52.02 51.12

Chip 4 51.08 52.57 51.79

Chip 1 44.11 48.27 46.56

2700 Chip 2 46.14 49.29 47.87
Chip 3 47.34 49.98 48.73

Chip 4 47.92 50.32 49.17

Chip 1 41.68 45.61 44.00

3600 Chip 2 43.60 46.58 45.24
Chip 3 44.73 47.23 46.05

Chip 4 45.28 47.55 46.46
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Table3 Temperature value of the chip on each layer when the number of layers is 3,4,5 and 6

number of layers Chip minimum temperature/ °C maximum temperature/ °C average temperature/ °C

Chip 1 39.27 42.25 41.15

Chip 2 40.60 4321 42.02

3 Chip 3 41.20 43.56 42.46
interposer 31.56 4133 36.66

Chip 1 44.11 48.27 46.56

Chip 2 46.14 49.29 47.87

Chip 3 47.34 49.98 48.73

4 Chip 4 47.92 50.32 49.17
interposer 33.74 46.74 40.56

Chip 1 48.95 54.06 51.98

Chip 2 51.67 55.40 53.73

Chip 3 53.46 56.42 55.03

5 Chip 4 54.60 57.11 55.89
Chip 5 55.15 57.46 56.33

interposer 35.89 52.16 44.45

Chip 1 53.78 59.91 57.44

Chip 2 57.18 61.57 59.62

Chip 3 59.56 62.92 61.35

6 Chip 4 61.26 63.96 62.65
Chip 5 62.35 64.65 63.52

Chip 6 62.89 65.00 63.95

interposer 38.03 57.64 4835
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