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Table 1 Main parameters of ultrafast laser
Parameter Content
Wavelength 1030 nm

Pulse duration 270 fs-10 ps

Frequency 50 kHz-20 MHz
Maximum power 80 W
Maximum pulse energy 160 pJ
Beam quality M*<1.3

Beam mode TEM,, Gaussian mode

CCD camera

shutter

beam expander

polarizer

platform control

aperture

mirror

attenuator

objective lens
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Fig. 1 Schematic of laser processing optical path
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Table 2 Main parameters of objective lens

Parameter Value
Magnification 50X
Numerical aperture 0.65
Focal length 4 mm
Working distance 10 mm
Wavelength range 480-1800 nm

K3 B EESH

Table 3 Main parameters of movement platform
X-axis Y-axis Z-axis
Parameter . . L
direction  direction  direction
Maximum travel of platform 200 mm ~ 600 mm 100 mm

Maximum speed 800 mm/s 800 mm/s 200 mm/s

Repeat positioning accuracy =1 pm +1pm +1 pm
Positioning accuracy +2 pm +2pm +2 pm
Resolution 0.0lpym 0.0l pm  0.01 pm
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Fig. 2 Schematic of stealth dicing
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Fig. 3 Flow chart of laser stealth dicing. (a) Prefabricating ablation channel on bottom surface; (b) modified layers formed inside;

(¢) multi-modifying along step direction; (d) splitting along modified surface
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Fig. 4 Schematics of internal pulse pick. (a) Pulse sequence of seed source; (b) TTL level signal; (¢) picked pulses
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Fig. 5 Schematics of multi-pulse mode and burst mode pulse. (a) single pulse; (b) two sub-pulses; (¢) 7 sub-pulses
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Fig. 6

Influence of pulse energy on cutting effect under multi-pulse mode. (al)-(a4) Morphologies of top surface ; (b1)-(b4) morphologies

of bottom surface ; (c1)-(c3) edge chipping morphologies of top surface; (d1)-(d3) edge chipping morphologies of bottom surface;

(e1)-(e3) cross-section morphologies; (f) influence of single pulse energy on kerf width; (g) influence of single pulse energy on top

and bottom edge chipping sizes and cross-section roughness
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Influence of feed distance on cutting effect under multi-pulse mode. (al)-(a3) Morphologies of top surface; (b1)-(h3) morphologies

of bottom surface; (c1)-(c3) edge chipping morphologies of top surface; (d1)-(d3) edge chipping morphologies of bottom surface;

(e1)-(e3) cross-section morphologies; (f) influence of feed distance on kerf width; (g) influence of feed distance on top and bottom

edge chipping sizes and cross-section roughness
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B E 1) 6

Influence of repetition frequency on cutting effect under multi-pulse mode. (al)-(a4) Morphologies of top surface;

(b1) — (b4) morphologies of bottom surface; (c1) - (c4) edge chipping morphologies of top surface; (d1)-(d4) edge chipping

morphologies of bottom surface; (el)—(e4) cross-section morphologies; (f) influence of repetition frequency on kerf width;

(g) influence of repetition frequency on top and bottom edge chipping sizes and cross-section roughness
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Influence of pulse width on cutting effect under multi-pulse mode. (al)-(a3) Morphologies of top surface; (b1)-(b3) morphologies

of bottom surface; (c1)-(c3) edge chipping morphologies of top surface; (d1)-(d3) edge chipping morphologies of bottom surface ;

(e1)—(e3) cross-section morphologies; (f) influence of pulse width on kerf width; (g) influence of pulse width on top and bottom

edge chipping sizes and cross-section roughness
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Study of Stealth Dicing of Silicon Carbide Wafers Under Ultrafast Laser
Multi-Pulse Mode and Burst Mode

Ren Yunpeng', Tu Xincheng, He Kun, Cheng Li, Ye Yunxia, Ren Xudong, Ren Naifei
School of Mechanical Engineering, Jiangsu University, Zhenjiang 212013, Jiangsu, China

Abstract

Objective With the rapid development of modern industrial technology, silicon carbide has broad application prospects owing to its
excellent physical and chemical properties. Compared to conventional cutting methods, laser stealth dicing has the benefits of less
debris with higher cutting accuracy. The research on the effect of laser parameters on surface ablation, edge chipping and cross-
section roughness, and the development of new laser cutting techniques are of great practical significance to the development of silicon

carbide cutting technology.

Methods In this study a high power ultrafast laser processing system is used to cut out 300 pm thick SiC wafers with the diameter of
4 inch (1 inch=2.54 cm). Firstly, the effects of laser single pulse energy, feed distance, pulse repetition frequency, pulse width and
scanning speed on cutting results are investigated using the control variables method. Based on the results of the multi-pulse mode
(Fig. 5(a)), the burst mode (Figs. 5(b) and (c)) is used to reduce the edge chipping size and cross-section roughness. In burst mode,
sub-pulses with the same pulse repetition rate as the output pulse sequence are selected from seed source pulses by adjusting the
transistor-transistor logic (T'TL)signal in the acousto-optic modulator (Fig. 4). The surface ablation, edge chipping size and cross-

section roughness are analyzed using laser confocal microscopy.

Results and Discussions The effects of laser single pulse energy, feed distance, pulse repetition frequency, pulse width and
scanning speed on cutting results under the multi-pulse mode are investigated. If the pulse energy is lower than 4 pJ, modified layers
cannot be formed inside the SiC wafers, resulting in failure to separate the wafer (Fig. 6). The feed distance has little effect on kerf
width, however, the significant effects on edge chipping size and cross-section roughness are observed (Fig. 7). A too low or too high
pulse repetition frequency results in large kerf width, large edge chipping size and high cross-section roughness (Fig. 8). Appropriately
increasing pulse width can improve the quality of surface, edge and cross-section (Fig. 9). Utilizing the appropriate scanning speed can
reduce kerf width, edge chipping size and cross-sectional roughness (Fig. 10). Based on these results, the burst mode is used to cut
the wafers. It is confirmed that the cutting accuracy significantly improves under the burst mode (Fig. 11). Because interaction time
between the laser and material is too short in multi-pulse mode, the density of free electrons is too low and the internal material
modification is insufficient, which affects the quality of the edge and cross-section. The burst mode extends the interaction time
between the laser and material which induces a high density of free electrons and good internal crack continuity. Therefore, the edge

chipping size and cross-sectional roughness are reduced.

Conclusions This study investigates the effects of laser pulse energy, feed distance, pulse repetition frequency, pulse width and
scanning speed on the top and bottom surfaces, edge chipping and cross-section of SiC wafers in multi-pulse mode using the control
variable method. It is identified that the best cutting results are produced under the single pulse energy of 6 pJ, +5 pm feed distance,
100 kHz pulse repetition frequency, 10 ps pulse width, and 100 mm/s scanning speed. The kerf width on the top and bottom surfaces
is 15.9 pm and 5.1 pm, respectively, the top and bottom surface edge chipping size is 7.8 um and 2.1 pum, respectively, and the cross-
section roughness is 3.1 pm. To further improve the edge size and cross-section morphology, the burst mode effect on the cutting
results is investigated. It is confirmed that burst mode improves the continuity of modified cracks and reduces edge chipping size.
When the number of sub-pulses is five, the kerf width on the top and bottom surfaces is 21.4 pm and 7.6 pm, respectively, and the
minimum edge chipping size on the top and bottom surfaces is 1.2 pm and 1.0 um, respectively, which is 85 and 52% less than those
under the same cutting parameters in multi-pulse mode. Also at five sub-pulses, the lowest cross-section roughness is 2.3 pm, which
is 26% less than that under the same cutting parameters in multi-pulse mode. This is because of the high density of free electrons
generated in multi-pulse mode, which results in full and homogeneous material modification, thus reducing cross-section roughness.
The burst mode increases dimensionalities of the laser stealth dicing parameters compared with multi-pulse laser stealth cutting and

facilitates better cutting results.

Key words laser technique; ultrafast laser; silicon carbide; stealth dicing; burst mode; edge chipping; cross-section roughness
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