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Thermal Clutch and Optical Clutch: Selective Energy-Coupling Platforms for
HBM Bonding and Co-Packaged Optics

Jinhyun Chot

Cools Inc., Changwon, Republic of Korea
*E-mail: jhcho@cools.co.kr

ABSTRACT

Advanced packaging increasingly requires high interfacial reaction rates while imposing a progressively lower
thermal budget on surrounding dies, optical devices, dielectrics, and assembled stacks. This work presents two
Cools clutch platforms that decouple the energy required at a bonding interface from the thermal history of the
package. The common principle is to switch energy coupling in space and time instead of heating and cooling
the complete assembly. For HBM thermocompression bonding, the Thermal Clutch minimizes the thermal mass
coupled to the heater during the heating stage and, immediately after bonding, engages a high-conductivity AIN
thermal receiver with the heater backside. Cooling therefore changes from air convection to direct solid-state heat
conduction. The heat-loaded receiver is then disengaged and regenerated at a separate heat sink while the next
die is picked and aligned, preventing heat rejection from becoming part of the bonding takt time. In a retrofit
evaluation using a production TCB heater, 11 mm x 11 mm HBM3E dies, and ten repeated cycles, the bonding
cycle was reduced from 7.0 s to 3.4 s, corresponding to a 51% reduction without replacing the heater architecture.
For CPO integration, the Optical Clutch uses 1.45-1.60 micrometer light that is transmitted through a substantially
sub-bandgap-transparent silicon photonic integrated circuit (Si PIC) and absorbed selectively at an engineered
EIC-PIC bond line. Ti, TiN, TaN, or related thin interfacial layers act as 1.5 micrometer optical absorbers and
convert the transmitted light directly into heat at the bond line. Short optical pulses rapidly raise only the
interfacial temperature required for bonding while limiting heat diffusion into the Si PIC body, Si/SiN
waveguides, electronic die, and surrounding dielectrics. The purpose is selective formation of the CPO bonding
interface while minimizing the thermal exposure of the complete assembly. Together, the Thermal Clutch
switches the heat-transfer path and the Optical Clutch switches the optical absorption path. The resulting
architecture treats bonding as state-selective interfacial energy delivery, providing a common route toward faster
HBM assembly and near-zero-bulk-thermal-budget CPO bonding.
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