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Application of laser cleaning technology in chip packaging molds
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* Corresponding author, E-mail: wilingts@sina.com

Abstract: Laser cleaning technology, as an efficient and environmentally friendly surface treatment method,
plays significant application potential in the field of chip packaging molds cleaning. This research systematic-
ally investigated the effects of laser parameters (pulse duration, repetition rate, average power) on the clean-
ing effect of Epoxy Molding Compound (EMC) contaminates from mold surface coated with chromium on
P20 alloy and ASP23 alloy substrates. The experiment employed a 1064 nm Nd-doped pulsed laser, reshap-
ing the Gaussian beam into a flat-top beam, and combining with a "bow" shape scanning path of the galvano-
meter mirror. The process parameters were optimized using a single-variable method. The experimental res-
ults indicate that when the laser energy density is in 0.55-0.77 J/cm?, the pulse duration and repetition rate
need to be adjusted in coordination to balance the thermal input, enabling complete removal of contaminants
without any damage to the substrate. Parameter sensitivity analysis reveals that the optimal duty cycle range
is from 0.8% to 1.0%. Furthermore, when the power exceeds the threshold (150 ns@50% average power or
200 ns@50% average power), it may cause damage to the substrate, which indicates that laser parameter
matching is crucial for the cleaning effect and material protection. This research provides a high-precision,
non-contact and environmentally friendly cleaning solution for chip packaging molds, and verifies the feasib-

ility of laser cleaning technology in the field of integrated circuits.
Key words: laser cleaning technology; chip packaging mold; duty cycle; surface treatment
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Fig. 4 Optimal single-pulse energy range diagram at a
pulse width of 150 ns and a repetition rate of
54 kHz
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Fig. 5 Microscopic images of the surfaces cleaned by lasers with a pulse width of 150 ns and repetition rate of 54 kHz, and (a)
10%, (b) 20%, (c) 30%, (d) 40%, (e) 50%, (f) 60%, (g) 70%, (h) 80% of the maximum power
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Fig. 6 Microscopic images of the surfaces cleaned by lasers with a pulse width of 150 ns and repetition rate of 54 kHz, and (a)
30%, (b) 32.5%, (c) 35%, (d) 37.5%, () 40% of the maximum power
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Fig. 7 Microscopic morphology images of the surfaces cleaned by lasers with a pulse width of 200 ns, repetition frequency of
45 kHz, and (a) 15%, (b) 20%, (c) 25%, (d) 30%, (e) 35%, (f) 40%, (g) 45%, (h) 50% of the maximum power
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Fig. 8 Microscopic morphology of the surfaces cleaned by lasers with a pulse width of 200 ns, a repetition frequency of
45 kHz, and powers of (a) 25%, (b) 27.5%, (c) 30%, (d) 32.5%, () 35% of the maximum power
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Fig. 10 Microscopic images of the surfaces cleaned by lasers with a pulse width of 150 ns and a power of 175 W (35%), and
repetition frequencies of 24 kHz, 34 kHz, 44 kHz, 54 kHz, 64 kHz, and 74 kHz
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Microscopic morphology images of the surfaces cleaned by lasers with a pulse width of 200 ns, a power of 175 W

(35%), and repetition frequencies of 15 kHz, 25 kHz, 35 kHz, 45 kHz, 55 kHz, 65 kHz
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