Je% 3D F v 7Ly MM BB ERZH S 5 AN EOM T
High Thermal Conductivity AIN Films for Advanced 3D Chiplets
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Abstract

A novel “Cool 3D chiplet” concept is proposed, showcasing remarkable heat dissipation through
the integration of aluminum nitride (AIN), an insulating material with high thermal conductivity.
We conducted simulations analyzing the thermal impact of AIN as an interlayer dielectric (ILD) for
the back-side power delivery network (BSPDN), a TSV insulating film, and a molding material for
the packaging. Furthermore, we explored appropriate AIN deposition techniques for each
application. The results demonstrate the feasibility of building advanced 3D chiplets with enhanced
heat dissipation by employing the AIN in each layer that makes up the 3D chiplet, from the device
level to the packaging level.
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Fig.2 Thermal simulation model of BSPDN. AIN is
adopted to the bonding layer and the BEOL ILD.
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Fig.3 Temperature profiles of BSPDN for various «.
Peak temperature is decreased, and lateral heat
dissipation is enhanced.
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Fig.4 XRD spectrum of AIN films deposited by PSD
at 400°C.
_ 16E-03 —
> umpilLaser Photo-
(T -
= 14803 f Reflectance
& 12E03 Stgria
2 L g
@ 10803 AIN 7 360mm
Q 80E-04 - Si Sub.
s s
g Som0 § N K 54 Wik
= 4.0E-04
S 20E-04
2 * Time-Domain Therrmo-Reflectance
& 0.0E+00
20 00 20 40 60 80 100
Time [nsec]
Fig.5 TDTR* signals of AIN films deposited by PSD
at 400°C.
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Fig.6 Thermal simulation model of HBM.
AlN is adopted to the TSV insulator.
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Fig.8 Consideration on thermal resistance.
Rth TSV Cu and Rth_Si_Lateral are also important.
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Fig.9 Temperature profiles of modified 20Hi HBM.
Tj _max is comparable to that of 16Hi HBM
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Fig.10 XRD spectrum of AIN film deposited by
thermal CVD at 650°C
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