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heterogeneousintegration.Themechanicalreliabilityofitsinterfaceshasadecisiveimpactonthe
performanceandyieldofadvancedpackagingdevices.However,issuessuchascoefficientofthermal
expansion(CTE)mismatch,warpageofultra-thinwafers,andnanoscaleinterfacialdefectsoftenleadtosevere
stressconcentration,interfacialdelamination,andevenstructuralfailure.Thesehavebecomethecorefactors
limitingthelarge-scaleapplicationofhybridbondingtechnology.Theresearchprogressofmultiscale
simulationapproachesonthemechanicalbehaviorofhybridbondinginterfacesissystematicallyreviewed.
Modelingstrategiesspanningfromthemacroscopiccontinuumscaletothemicroscopicatomicscaleare
systematicallyorganized,andthekeyissuesandchallengesencounteredateachscaleofinvestigationare
highlighted.Furthermore,theemergingfrontiersarediscussed,includingquantum-continuum coupled
modeling,artificialintelligence (AI)-driveninverseprocessdesign,anddigitaltwin-enabledclosed-loop
optimization.Thedeepintegrationofmultiscalesimulationwithintelligentmethodologiesholdsthepromise
oftransforminghybridbondingdevelopmentfromempiricaltrial-and-errortowardamodel-drivenparadigm,
therebyprovidingessentialmechanicalfoundationsforhigh-densityintegrationinthepost-Mooreera.
!"#$%&'() hybridbonding;interfacialmechanics;multiscalesimulation;moleculardynamics;finiteelement
method;advancedpackaging
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