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ABSTRACT

Thermo-compression (TC) bonding using non-conductive films (NCF) and micro solder
bumps has became a key technology for interconnecting upper and lower chips in
high-bandwidth memory (HBM) packaging. In this study, a comprehensive numerical
model is proposed to analyze the TC-NCF process by simultaneously considering solder
phase change, wetting-driven flow, NCF curing kinetics, and interfacial evolution driven by
the displacement of the upper chip. A Volume-of-Fluid (VOF) method is employed to
capture the multiphase flow behavior among air, NCF, and solder, including wall wetting
dynamics. The melting and solidification of solder are modeled using an enthalpy-based
phase change approach, while the compression induced by the upper chip is represented
through a dynamic mesh technique. The proposed model provides a quantitative framework
for analyzing the coupled effects of process parameters and material properties, thereby
offering a theoretical foundation for the design and optimization of thermo-compression

bonding processes.
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Fig. 1. Multi-physical phenomena in the TC-NCF process
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Fig. 2. Schematic illustration of the stages in the TC-NCF process
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Fig. 3. Computational domain and boundary conditions
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Table 1. Thermo-physical properties used in the simulation

Material Conductivity Specific heat Density Viscosity Latent heat Liquidus/Solidus
(W/mK) (J/KgK) (kg/m®) (Pa-s) J/kg) temperature(K)
Silicon 130 700 2329 (solid) - -
Copper 388 381 8978 (solid) - -
NCF 0.3 1200 1700 (model) - -
SAC305(solder) 50 250 7400 0.002 55100 490 /493

Table 2. Parameters used in the NCF viscosity model

A (s-1) Ay(s-1) E,(J/mol) E,(J/mol) m n A (Pas) E,(J/mol) B
4x10° 4x10° 10° 10° 1 2 4.2x10° 5.8x10* 5
10 107
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(@) (b)
Fig. 5. (a) Temperature and displacement profiles; (b) degree of cure and viscosity of the NCF
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Table 3. Computational grid and time-step settings

Grid level Grid size( #m)? Number of cells Time step(s), At (U A1)/ Az (oAt)/(pAx)
Coarse 2.0%2.0 1,116 2.0x107 16.0x107 0.5
Base 1.0x1.0 4,320 1.0x10° 8.0x10° 0.5
Fine 0.5%0.5 17,280 5.0x10™ 4.0x10” 0.5
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Fig. 6. Temporal evolution of the solder and NCF interfaces for different mesh sizes
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Fig. 7. Temporal evolution of the solder-pad wetting length(L) for different mesh sizes
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Fig. 8. Temporal evolution of the solder and NCF interfaces for the base case
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3.3 EHEE I A REZO| mMEAH IS

Table 4. Surface tension coefficients and contact angles for each case

Case O NCE— soider(N/M) O e aiAN/M) O ner-air(deg) O ner— souae(deg)
Base 0.04 0.04 20 120
1 0.36 0.04 20 120
2 0.04 0.04 20 90
3 0.04 0.04 20 150
Air-NCF Solder
\ o
Air NCF solder(s) solder(l)
Y i=0500() Y i=0600(s) =080 =100
o =1200¢) C o i=1300(s) = 1400 () = 1500(s)

base case: JNCF—solder = 0-04‘N/m, Oncr-solder = 120°

M Mo

t-0500(s) C = 0600 (s) “ - 0800(s) * = 1000(s) "

t=1200(s) O =1300(s) t=1.400(s) t=1.500(s)
. _ o
case 1: ONCF-solder = 0'36N/m QNCF—solder_ 120

e B v e S e B R
T Y O =300 Y Y R = 1s00(s)

case 2: GNCF sotder = 0. 04'N/m 9NCF solder = 900

“M M KM “,

t=0.500 (5) Y =os00s) o i=0.800(s) o t=1.000(s)
T T T “ = 1400 “ = 1500(s)

case 3 ONCF-solder = 0. 04’N/m BNCF solder — ISOD

Fig. 9. Temporal evolution of the solder interface for different cases
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o] KZ.0 2 EER 45 KA, FF2to] & oAM= vEE o = ER FE Haltt. 12y o
NCF-&T 9] FHAE A7 dhA o &2 7] ufZe], 52 AP FNCF-37] Al 343l vxl= 4
o2 sfjAEd.

u)
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7k ZA0)A 67} 93] 88 A0 FAl & BEE Fig. 100] YERIIL 712 S48 2837t HQofl= oF
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o

.o
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20 0 20 20 0 20 40 40 20 0 20
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Fig. 10. Solder shape and temperature distribution at fully molten state for different thermal conductivities
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20 0 20 6 61 20 0 20 6 20 0 20
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Fig. 11. Distributions of degree of cure and viscosity at t=3.00 s for different thermal conductivities
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Fig. 12. Temporal variation of viscosity for different viscosity models
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Fig. 13. Solder shape and viscosity distribution at t=3.00 s for different viscosity models
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This paper is a revised version of a paper presented at the KSCFE 2026 Spring's Annual meeting, Jecheon, April
9-10, 2026.
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