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Junction temperature prediction method of 3D laminated chips
based on thermal analysis

GAO Cheng , DU Weiyang , SUN Gaoyu, HUANG lJiaoying

( School of Reliability and Systems Engineering, Beihang University, Beijing 100191, China)

Abstract: To address overheating risks in 3D stacked packaged chips caused by increased power consumption, a thermal
resistance matrix—based method was proposed for junction temperature prediction, thereby supporting thermal design and
management. A DDR3 stacked chip was selected as the case study. Instead of relying on traditional experimental
measurements, simulation modeling was utilized to obtain thermal characteristic parameters. Through structural analysis of the
3D configuration, a simulation model was developed using Icepak software. A JESD51-2~-compliant thermal test environment
was designed to characterize the thermal resistance matrix. Junction temperatures of each chip layer under varying conditions
were predicted, and the results demonstrate prediction errors of less than 1% compared to simulation results. This method
enables efficient thermal characterization and provides valuable insights for thermal management of 3D stacked chips.

Keywords: 3D laminated chips; thermal resistance matrix; finite element simulation; junction temperature prediction
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Tab. 1 Junction temperature data under the application of 0. 6

W power to each layer of the chip separately

REDFHAH(T)
FO R B
diel die2 die3 die4 die5

diel 39.74 38.29 37.97 37.77 37.62
die2 38.30 40. 89 39.44 39.11 38.93
die3 37.97 39. 44 42.04 40.59 | 40.27
die4 37.78 39.11 40. 59 43.19 | 41.79
die5 37.63 38.92 40.27 41.79 | 44.53
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Tab.2 Junction temperature data under the application of 0. 8

W power to each layer of the chip separately

T EAR(T)
LY e Yy
diel die2 die3 die4 | dieS
diel 44.65 | 42.71 | 42.29 | 42.03 | 41.83
die2 42.73 | 46.18 | 44.25 | 43.81 | 43.56
die3 42.30 | 44.25 | 47.72 | 45.78 | 45.36
die4 42.04 | 43.81 | 45.78 | 49.25 | 47.38
dies 41.84 | 43.56 | 45.37 | 47.38 | 51.04
®3 ZERERHBMEM 1 WIHERTHERAEHE

Tab. 3 Junction temperature data under the application of 1 W

power to each layer of the chip separately

ZHET AL (T)
diel die2 | die3 die4 | dies
diel 49.57 | 47.15 | 46.61 | 46.29 | 46.04
die2 47.17 | 51.48 | 49.06 | 48.51 | 48.21
die3 46.62 | 49.06 | 53.40 | 50.98 | 50.45
died 46.31 | 48.52 | 50.98 | 55.32 | 52.97
die5 46.05 | 48.20 | 50.46 | 52.97 | 57.55
R4 =MPRZFGTEECRNERHELYE

Tab.4 Junction temperature data of each layer chip under three

power conditions

SR EZR(T)
WH S
diel die2 die3 died die5
ZMF— 80.28 | 84.62 | 87.67 | 89.44 | 90.05
FAt— 101.61 | 108.39 | 113.69 | 117.22 | 118.84
%= 124.51 | 132.32 | 137.80 | 140.99 | 142.09
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