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Thermal Estimation Model for 3D Stacked Implementation

YASUSHI INOGUCHI, Tt TERUO MATSUZAWAT
and SUSUMU HORIGUCHI

This paper proposes a thermal estimation model for a 3D stacked implementation. The 3D
stacked implementation is a pile of WSIs which contains a large number of processing elements
(PEs) on a silicon wafer. However, cooling method for PEs is one of the most crucial prob-
lems because it is difficult to radiate heat from the depth of the stack. This paper proposes a
method to estimate the maximum temperature in the stack introducing a thermo-conducting
model for a 3D stacked implementation, because an optimal PE arrangement for efficient
cooling can be determined if the maximum temperature is estimated analytically. At first,
structure of the 3D stacked implementation is explained by introducing a thermo-radiation
model. Then a temperature estimation method based on the thermo-radiation model is dis-
cussed. It is shown that the difference is a few degree and a well cooled PEs placement can
be determined sufficiently by comparing temperature calculated by the proposed model and
result of a thermo-conducting simulation. Evaluating execution time of the temperature es-
timation model and of the thermo-conducting simulation, the proposed thermal estimation
model is 108 times faster than the thermo-conducting simulation.
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Fig.1 Basic structure of 3D stacked implementation.
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Table 1 Location definition.

Location Type Location of Idle PEs
Diagonal04 (P<L<|z| <P+1)N(PL |y <P+1)
Diagonall6 | (P <|z| < P+3)N (P <|y| < P+3)
Cluster12 (el <HNP<y<P+2)
Cluster24 (Jlz] <3)N(P <y < P+3)
SingleRing ((lz] < P)n(lyl = P))

U(lz] = P)n (lyl < P))

((l=] < P)yn (lyl = P))

DoubleRing u((lz| = Pyn (lyl < P))
U((lz] < S=P)n(lyl =S - P))
Uzl =S-P)n(yl <S—P))

S = PE Array Size (14 or 28) +1
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Fig.12 Procedure of optimizing initial PEs replacement.
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Fig. 13 Temperature while optimizing idle PEs

placement.
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Fig.14 PE location while optimizing idle PEs placement.
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