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Machine Learning for Better Thermal Management: Thermal management is one of the most critical issues impacting the performance and reliability of next-generation electronics packaging technologies. That’s because new architectural features such as backside power delivery networks (BSPDNs) and 3D IC configurations introduce new components within the thermal pathway, creating additional heat dissipation challenges. To optimize thermal management, better estimation of chip and package temperatures is required. But while analytical approaches to estimate BEOL interconnect-layer thermal resistance have been developed, they are inadequate. At ECTC, IBM researchers will describe how they used a series of finite element modeling (FEM) simulations to train a machine learning (ML) model to rapidly predict the thermal resistance of BEOL stacks in a test chip. BEOL layout design, heights and material information were used as inputs. The researchers say the ML model predicted the thermal resistance of BEOL stacks with a mean absolute percentage error (MAPE) of less than 15%. That is a remarkable accuracy improvement versus the traditional 1-D heat conduction analytical model used for comparison, which showed a MAPE of 300%. The machine learning approach opens the possibility of more accurate predictions of hotspots in advanced packaging architectures, thus helping to increase their performance and reliability.

· At left above are a series of schematics showing increasingly complex thermal pathways in (a) a 2D front-side power delivery network (FSPDN) package; (b) a 2D BSPDN; and (c) a 3D IC package with two dies.
· At right above is a representative 3D BEOL sub-stack model with (a) dielectrics included and (b) dielectrics removed for visualization. (c) is a schematic of the finite element model setup for thermal resistance extraction, and (d) is a representative temperature profile in the metal.

(IP session #37, “Fast And Accurate Machine Learning Prediction of Back-End-Of-Line Thermal Resistances in Backside Power Delivery and Chiplet Architectures,” P. Chowdhury et al, IBM)
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Abstract— Heat dissipation is a critical issue in a backside (a)
power delivery network (BSPDN) chip package because heat from
the powered transistors must travel through the signal
interconnects (that have high thermal resistance) to the heat sink.
Accurate modeling of BEOL stack thermal resistances is now
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required for better estimation of chip and package temperatures. (Signal + Transistors (Top)
Although analytical approaches for estimating BEOL Power) BEOL (Top)
interconnect layer thermal resistance have been developed, such % BEOL (Bottom)
methods show a large error of prediction or require a fitting factor ®) Seon ors (Bottom)
based on heuristics to lower the discrepancy. This work BSPDN BEOL (Bottom)

demonstrates a novel approach of Machine Learning (ML) based Lid
fast thermal resistance prediction for back-end-of-line
interconnect layers with finite element modeling accuracy. Our
ML model predicts the thermal resistance of BEOL stacks with a
mean absolute percentage error (MAPE) of less than 15%. This
shows a remarkable improvement in accuracy in comparison to
using a 1-D heat conduction analytical model, which showed a
MAPE of 300%. Our framework is applied to a multi-scale
thermal model of a backside power delivery network package for

accurate hotspot temperature predictions and compared with the power delivery BEOL (backside BEOL or BS-BEOL) as seen in
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Figure 1: Schematics showing (a) 2D FSPDN package (b) 2D BSPDN
package (c) 3DIC package with 2 dies

analytical model. We observe a significant difference in the T (1) Similarly. in a 3DIC configuration as seen in Fig. 1(c), []
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containing 16 metal levels and 15 via levels. The metal widths
and heights in a typical BEOL stack can vary in order of
magnitude from 10-100 nm. As a result, it is reasonable to
subdivide the entire stack into two or more sub-stacks by
grouping together layers which have similar sizes of lines and
vias. This approach helps in the computational modeling of
these structures by limiting the difference between the minimum
and maximum mesh element sizes. It also prevents very
dissimilar sized features from being represented by a single
effective material property, which can cause significant
deviation from the homogenous material assumption. Similar to
other studies in literature [2], we subdivided our BEOL stack
into three sub-stacks (Mx, My and Mz) as shown in Fig. 2.
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B. Finite Element Modeling (c)
We performed FEM simulations using the ANSYS

-

Mechanical solver [12] for extracting the thermal properties of
BEOL stacks. In the first step, a 3D CAD model of the BEOL
stack being studied is created using the GDS layout, layer
heights and the relevant metal and dielectric materials. Fig. 3 (a-
b) shows an example BEOL model generated using this
approach. The model is then meshed carefully such that the
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Figure 3: Representative 3D BEOL sub-stack model with (a) dielectrics

inchided and (h) dielectrics remaved for vienalization (e) Schematic of the
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