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Fig. 1 The schematic diagram of the plasma

spectrometry

2 #RH1HE

2.1 WAHHREALEREANEER

KA 1064 nm PR, SORD Ik 98 8O A1 RE U A 46
BT A R 2 R . MEOkRERIEE N 7.35 ] « em ™
TR o Ry R SR SRR LR, R T IREE B, M0k
RERE A RERI N E] 7.86 ] « em ™, B 2 LK b FTR, 1
589. 88 Ml 765. 40 nm I 4 Ab H B 5% W S 00 S BT T RS LR
T Hh A B MR R R 0 T % S AR S AL R . R 36 A
5 HARBEITBE NIST JiF 638 Bl 4 JE 1735 & 45 A, o e
589. 88 Fl 765. 40 nm b 4% F B TR &k A0S ST T
SHlll 3R AT N JFF g NI SR . 24380t a2 2 & 1 n 51 9. 38
Joeem P PR ST R RE RGO, AE RS OB R e WA kA
ARA, (RN, AR R 11.8 ]« em 2, HAUR A9
JE R4 B T MR e i gk — b i . b SIS 4ROk VR TR
MAEAEE, BRI A R Si TR R, AR
R RRAE S 2 P oK W HE b & A B 40 . O T AT NT ROk U
AT WO T s AT T ORI, SR E 3 T
R BT TE 765. 40 nm K AE R B N R NI k2R,
UL 2 th 765. 40nm K Ab NT 4§ 5§ F R 54k 5400 4 6

250 1 a 7.35 J-cm” 77}
b—— 7.86 J-cm” Z
c 9.38 J-em™ _
5 2004 d— 118Jem? = =
M. wn
=8
2
2 150
8
g
2 100+
=
&
50 A
0

T T T 1
200 400 600 800 1 000
Wavelength/nm

2 HMPMKRETIARREZTERLERILERLLEE
Fig. 2 The spectra of silicon nitride under laser irradiation of the

microsecond pulses with different energy densities
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Fig. 4 The micrographs of silicon nitride under laser irradia-
tion of the microsecond pulses with different energy

densities
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Fig. 5 The spectra of silicon nitride under laser irradiation of

the nanosecond pulses with different energy densities
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Study on Measurement of the Damage Threshold of Silicon Nitride
Ceramics under Pulsed Laser Irradiation by Spectroscopy

CAI Peng-cheng, LI Shuang, CAI Hong-xing* , TAN Yong, SHI Jing, MIAO Xin-hui
College of Science, Changchun University of Science and Technology, Changchun 130022, China

Abstract  Silicon nitride ceramics have high temperature, corrosion and wear resistance; therefore, they are good candidates to
be used in extreme working environments where metals and polymers are difficult to handle. Unfortunately, besides these excel-
lent properties, these materials are difficult to process. The traditional grinding method is inefficient, and the mechanical damage
of the material is serious. In this regard, laser-assisted machining is a new promising way for the efficient processing of silicon
nitride ceramics. In this paper, we combined plasma spectroscopy and microscopic imaging methods to measure the damage
threshold of pulsed laser irradiated silicon nitride ceramics to analyze the damage mechanism. For this experiment, we selected a
hot-pressed sintered silicon nitride ceramic as the target material and built a test system with reference to the 1SO21254 interna-
tional damage threshold tests standard. Silicon nitride ceramics were irradiated bysolid-state Nd** : YAG pulsed laser at nanose-
cond and microsecond pulse duration using 1-on-1 method. The two pulse widths were respectively selected from 10 energy den-
sity gradients for laser irradiation, and with each fluence 10 points were irradiated. The spectral information was acquired using
a fiber optic spectrometer, and the microscopic image information was acquired by using a metallographic microscope. Under the
nanosecond pulse irradiation, damage will occuronce the plasma peak appearing on the spectrum. Analyzing the plasma peak on
the spectrum, we could identify whether it contains the characteristic elements of the material to determine the damage. In order
to distinguish air ionization breakdown, the interference was eliminated by comparing and analyzing the air plasma spectrum.
Under the microsecond pulse irradiation, the microscopic imaging showed that at the beginning of the damage. there was a
strong thermal radiation line of the spectrum but no plasma spectrum line. Further increasing the laser fluence, we observed a
small amount of plasma peaks appearing on the spectrum. Therefore, the material damage threshold cannot be directly judged
upon the plasma peaks. The damage morphology was observed with the metallographic microscope: and obvious ablation impact
was visible inside the damage area after the nanosecond pulse irradiation. A large number of plasma lines appearing on the spec-
trum indicate that in case of the nanosecond pulse irradiation, the damage of the silicon nitride is mainly mechanical caused by
plasma shock wave. The microsecond pulses. create hot ablation marks on the edge of the irradiated area with a large amount of
molten material in this zone. The spectrum shows obvious thermal radiation features, which indicates that in this case the dam-
age is mainly thermal, caused by the long pulse duration and the corresponding heat accumulation. As the energy density increa-
ses, a plasma peak is superimposed on the thermal radiation spectrum. The degree of damage after the appearance of the plasma
peak on the spectrum is consistent with the peak intensity of the plasma. The results of plasma spectroscopy and microscopic im-
aging were compared and analyzed. The measured spectra were fitted with the zero probability damage threshold model. Thefit
result showed that the plasma spectroscopy method is more suitable for the damage threshold measurement at nanosecond pulse
width, and the corresponding damage threshold is of 0. 256 J « cm *. On the other hand, the microscopic imaging is more suit-
able for measuring the damage threshold at the microsecond pulse width; the corresponding damage threshold is of 6.84 ] -«

em”?.
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