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(a) Schematic diagram of experimental apparatus (b) Schematic diagram of rear/front side ablation
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Fig.1 Schematic diagram of experimental apparatus and the rear and front side ablation of Cu film
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Fig.2 The widths of micro-grooves ablated by ns laser Gaussian beam at the scan speed from 0.5 to 2.5 mm/s and pulse energy
from 0.072 to 0.542 pJ
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Fig.3 Comparison diagram of front and rear ablation under the same conditions at the scan speed 2 mm/s and different pulse energy
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Table 1 Thermo—physical properties of copper

Parameters Values

Latent heat of fusion/(Jeg ') 206.5
Melting point/K 1357

Latent heat of vaporization(Jeg™") 4724.5
Boiling point/K 2840
Reflectivity 0.87
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Fig.5 Simulated temperature field of ablation Cu film on the front and rear side at a pulse energy of 0.083 pJ
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Fig.6 The surface morphology of Cu film by the single pulse on the front and rear side ablation at the pulse energy of 0.072 pJ
and 0.155 pJ

AE I K 0.155 p, e i 3OL SR AE i K T Cu B B AL IR BE . N 6(b) (d) AT (D) (h) T LA 2 IE 7%
T Tl 2 A AR 28, AL 6. () & I T 25 BR B M0 G A B A ) 0 3 AR, 30 Ay ik ool i 141 6 () 1
T 2% 3% B9 1M1 50 300 % 1 8, DG T A ) A HE AR, S T I AT 25 B B8 R R SR BIL AN ] i S

2O R B 18] 2 3.9 ns I, JOG I Jeb Bl R 5 i F S 22 I R A — 5 IR A, S T B AR A 1) Cu v
IR EN W AR % EE A LA Co i B b il Ak, (HLJR AR T 365 PR 2 18] A BE T H W 5, B 3 O e IR 18] A 5 A
A DI 7 SN, S BOR A A 4 v IR K o 2 <5 T e MBS T 149 T T T AR R 6 A 1 ) I 3R
IR A R I 2 B DD s 2% DA A T TR Tl b, O 2 kAR i R AR BR ) A RSO T 1) <6 TR TR AR A
B AT B AF B R, A0 1A 7 Ca) B 7 o T I TET B ol B 2o R R SO T R el e S T, 214 B AR (8] 2 3.9 ns
R, Cu 358 2 1T B RO 4 IR A DXk A 28 e, TTIRO'E DG B 40 % Ak 1 DX 38l 2 3k 809l o, A 7 4 IR 2 S T
A& Ay XA R 8 B AL T S, I 7 (h) BT o WA OGS 5 ), Cuvli IR ZE A8 nU MR HR
TE OG0 1 3 B v 25 S BOBOE 58 BRGL R A1 Co 78 [MURE PR DE iS4 MEARTE MRS st kb . AL 2
B Z TS Yy, 107 LS W) 11RO 582 i 320 5% (4002 8, 7™ T 2 W Al 45 A 1140 3 T TS 350 A i

0752306-6



AR, 5 28 IR SOOGS0 06 9 2 2% R 4 VIR T B (R i)

Isoline: Temperature/K Isoline: Temperature/K
um pm : y . . : .
a 2.84x10° a 2.84x10°
x10° 0 x10°
2:5 02 25

2.0 2.0
1:5 L5
02 Ho H0
-0.4 1 Bos 0.5
L 1 1 1 | s ] v 203 v 203
04 02 0 02 04 wm 04 02 0 02 04 pm
(a) Rear side ablation (b) Front side ablation

BT e ket Rl 3.9 ns I, 40 A O B Ak Cu 3 R o 7 08 K 37
Fig.7 Simulated temperature field of ablation Cu film on the front and rear side at 3.9 ns
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Fig.8 Cu array are prepared by laser induced rear side ablation
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Fig.9 Complex microcircuits are prepared by laser induced rear side selective ablation
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Abstract: Nanosecond laser processing technology is widely used in Integrated Circuits (IC) , optoelectronic
devices, biology, medical, aerospace, and network technology due to its low cost, high precision, non—contact
directional processing, and high efficiency. As the feature size of IC and Optoelectronics continues to decrease,
copper (Cu) has become the mainstream interconnect material in electronic components, which has the
advantages of low cost, low resistance, strong conductivity, high thermal conductivity and excellent
ductility. Microcircuits prepared by narrow pulse laser induced selective ablation of Cu films on transparent
substrates have attracted extensive attention from researchers because of their excellent optical and
electrical properties. It has become a research hotspot in this field on how to obtain higher processing
quality and efficiency, satisfy the processing requirements of various materials and structures. In recent
years, the major processing method has been laser forward induced selective ablation of metal thin films to
fabricate microstructures. However, this method inevitably produces heat—affected zones and nano-ripples
during processing, this situation seriously reduces the quality and photoelectric properties of the metal film
microstructure. In order to decrease the influence of laser thermal effect, avoid the accumulation of
remelted material, and effectively improve the surface morphology and photoelectric properties of
microstructure, this paper uses a narrow pulse width laser to selectively remove metal thin films and
prepare microcircuits on the rear side. Firstly, the laser beam passes through the transparent substrate, and
then irradiates the glass substrate and Cu film interface for laser selective induced ablation. Part of the Cu
film in the ablation area is vaporized, and a huge pressure is generated in the closed space, thereby
promoting the remaining metal film on the transparent substrate to be ejected. This unique ablation process
has become an important preparation method for metal film microstructure owing to its high removal
efficiency and high—quality processing effect. Based on the fabrication of microgrooves by nanosecond laser
removing metal films, the effects of process parameters such as laser pulse energy and scanning speed on
the front and rear side ablation of metal films by narrow pulse width laser (=532 nm, r=1.8 ns) were
investigated. By comparing the relationship between the groove width and the laser pulse energy at the
same scanning speed, it can be concluded that the groove width increases with the enlargement of laser
pulse energy on the front and rear side ablation. When the laser energy enlarges to a certain value, the
groove width gradually reaches a certain level, and then remains stable. On the front side ablation, the
width of the groove decreases with the increase of the scanning speed. At the same time, on the rear side
ablation, the groove width is not sensitive to the scanning speed. As the scanning speed increases, the
groove width does not change significantly. Since the width of the groove in the reverse removal is
independent of the laser scanning speed, the edge shape of the groove can be improved by changing the
laser scanning speed. By further optimizing the process parameters and analyzing the surface morphology of
the microstructure in detail, it is proved that the performance of the microgrooves prepared by narrow pulse
width laser (E=0.403 1J, v=2 mm/s) on the rear side ablation is better than the front side. It not only has
a straight and steep edge morphology, but has almost no sputtering on the edge. Through the experiments
comparison of the front and reverse removal, it can be seen that the groove removed by the laser from the
rear side is narrower than that removed from the front, which is impertinence of the variation of laser
power. The difference in groove width between the two laser induced ablation methods could be attributed
to diverse beam propagation and material removal processes. In addition, the 3D morphology of the
microgrooves is characterized by a Confocal Laser Scan Microscope (CLSM) , and the removal depth of
the microgrooves is about 150 nm. This indicates that the Cu film on the glass substrate is completely
removed and the glass substrate is not damaged which is crucial for the electronic isolation and photoelectric
properties of actual electronic devices. In consequence, under the existing experimental conditions of our
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group, the microstructure of metal film prepared on rear side ablation has preferable quality. Combined with
the temperature field simulation results of metal film by narrow pulse laser selective removal, the ablation
mechanism and material removal mechanism of front and rear side ablation are revealed from the
perspective of experiment and theory. To verify the feasibility of this removal method, uniformly distributed
Cu arrays and complex microcircuit patterns are prepared when the laser energy is set to 0.403 pJ, and the
scanning speed is 2 mm/s. The resistivity of the microcircuit measured by the double probe measuring
instrument is 1.81 pQ-cm, which is equivalence with the resistivity of the copper body. As a result, the
microcircuit has excellent conductivity. Finally, the sample is placed in deionized water for ultrasonic
10 min, and the morphology of the microcircuit has no change. It proves the microcircuit processed by laser
reverse processing has good adhesion and could be used for IC. Furthermore, this method has good
application prospects.

Key words: Narrow pulse width laser; Reverse removal; Temperature field simulation; Mental thin film;
Microcircuit
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