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Abstract Glass was coated with copper films of different thicknesses by the vacuum evaporation method to realize
the packaging technology for circuit manufacturing directly on glass substrate. Transient temperature and stress
fields during welding of copper-plated glass were calculated using the ANSYS software. Welding experiments were
conducted using a nanosecond ultraviolet laser, and the morphology and mechanical properties of welded joints were
observed and tested. Theoretical calculations show that when the welding current intensity is 27 A, the average
temperature of the copper film of the welding sample is approximately 3000 °C, and the gasification speed of the
copper film is slow; therefore, the welding effect is better. Thermal stresses are concentrated in the copper film
whereas the thermal stress of glass is less than its theoretical strength. When the welding speed is 70 mm/s, the
thermal stresses are the least. A copper film of thickness of 80 nm gives the highest welding sample tensile strength
of 14.34 MPa. The optimal parameters of the laser welding process are the welding current intensity of 27 A,
welding speed of 70 mm/s, and copper film thickness of 80 nm.
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Table 1 Physical parameters of glass and copper

o , Total heat Thermal
Specific heat Thermal Young's
Density / ) Poisson transfer expansion
Material capacity / conductivity / modulus / o o
(kgem *) ratio coefficient / coefficient /
(Jekg '+ C ) (Wem '=CH (10" Pa) o I
(Wem™?«C™") (107°C™H
Cu 8933 385 401 1.1 0.34 5.68 1.8
Glass 2500 750 1.4 0.676 0.24 5.68 0.9
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Table 2 Process parameters of UV nanosecond laser welding

Current Welding speed /
Wavelength / Pulse Spot Repetition Welding
‘ ] ) intensity /A (mme+s ')
nm width /ns radius /pm frequency /kHz pitch /mm
a b c d e {
355 20 15 30 0.04 26 27 28 60 70 80
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Fig. 1 Experimental flowchart
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Fig. 2 Meshing of three-dimensional finite element

model of copper-plated glass
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Fig. 4 Original laser pulse energy and Fourier transform pulse energy at current intensity of 27 A.

(a) Original pulse; (b) n=100; (¢) n=500; (d) n=1000
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