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Abstract: Semiconductor chip is bonded to the substrate by melting solder bumps. In general, the chip bonding is applied 
by a Reflow process or a Thermo-Compression(TC) bonding process. In this paper, we introduce a Laser Assisted 
Thermo-Compression bonding (LATCB) process to improve the anxiety of the existing process(Reflow, TC bonding). In 
the LATCB process, the chip is bonded to the substrate by irradiating a laser with a uniform energy density in the same 
area as the chip to melt only the solder bumps and press the chip with a Transparent Compression Module (TCM). The 
TCM consists of a fused silica header for penetrating the laser and pressurizing the chip, and a piezoelectric actuator 
(P.A.) coupled to both ends of the header for micro displacement control of the header. In addition, TCM is a structure 
that can pressurize the chip and deliver it to the chip and solder bumps without losing the energy of the laser. Fused 
silica, which is brittle, is vulnerable to deformation, so the header may be damaged when an external force is applied for 
pressurization or a displacement differenced is caused by piezoelectric actuators at both ends. On the other hand, in order 
to avoid interference between the header and the adjacent chip when pressing the chip using the TCM, the header has 
a notch at the bottom, and breakage due to stress concentration of the notch is expected.  In this study, the thickness 
and notch length that the header does not break when the external force (500 N) is applied to both ends of the header 
are optimized using structural analysis and Coulomb-Mohr failure theory. In addition, the maximum displacement 
difference of the P.A.s at both ends where no break occurred in the header was derived. As a result, the thickness of 
the header is 11 mm, and the maximum displacement difference between both ends is 8 um.

Key Words: Brittle, Coulomb-Mohr’s failure criterion, Fused silica, Laser assisted thermo-compression bonding, 
Piezoelectric actuator
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    : Ultimate tensile stress

    : Ultimate compressive stress

   : Maximum principal stress

   : Minimum principal stress
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Elastic (Young’s) modulus 73 GPa

Shear modulus 32 GPa

Bulk modulus 35.9 GPa

Poisson’s ratio 0.16

Density 2.20 g/cm2

Tensile strength 54 MPa

Compressive strength 1.14 GPa
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H,
mm

Max. of Tensile stress, Max. of Compressive 
stress, 

Safety
Factor

5 46.43 188.92 7.20

6 31.34 146.61 9.50

7 22.73 117.96 12.04

8 17.42 97.68 14.77

8.25 16.428 94.326 15.37

8.5 15.54 89.707 16.18

9 14.00 82.83 17.62

10 11.68 71.67 20.53

11 10.04 63.10 23.45

13 7.87 51.01 29.21

15 7.04 43.12 34.11
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H, mm Max. of Max.  
Principal Stress, 
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Principal Stress,
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10.92 38.49 82.98 15.14
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Displacement of
(b)Piezo actuator, 

Max. of
Tensile stress, 

Max. of
Compressive stress, 

1 6.28 12.29
2 12.55 24.58
3 18.83 36.87
4 25.10 49.15
5 31.38 61.44
6 37.65 73.73
7 43.93 86.02
8 50.201 98.31

9
56.48

(Tensile Strength
: 54 MPa)

110.59
(Compressive Strength 

: 1140 MPa)
10 62.75 122.88
⋮ ⋮ ⋮
39 244.73 479.24
40 251.01 491.53
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