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Fig. 1. Illustration of the device for collecting black-
body emission from dielectrics after which was ma-

chined by ultrashort laser. L1 and L2 are lenses.
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Fig. 2. (color online) Processing morphology ob-
served by objective lenses with different magnification
in fused silica which was irradiated by one ultrashort
laser pulse: (a) 10 times; (b) 50 times. The white
dashed lines indicate the positions of geometrical fo-

cus.
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Fig. 3. (color online) The instantaneous spectra of
fused silica at different delay time. The spectra at the
delay of 0 ns has been multiplied by a factor of 10 to

enhance its visibility.

FERF N6 nsy 1% N 100 ps PRI G A
— A8 SRR B R AR 0, G0 3 AR S 2k
Fiw. AR B 7R g B R0 P X
J& HY T R bk O LR AR Y, HA R
A 170 £ P4, 2 A S 0 T 5 T 3 €8 1
T Ik O S S I, 3K R Ry ) 6 B E N 5
BOCB KT E AN B AR &K R E, &l 5
53 NICCD BN O A X 8255, ICCD
3, 06 ns R GHIEM 6 ns—100 ps ) 8 14 45
I 0 P FR 2 2 AR 8.22 x 107 counts-nm, 1T 4
B FLAE A N 20 = 2arcsin(0.30) = 34.9°, 3%
R 2m(1 — cosa), BT LA B W SR RN
(1—cosa)/2 =2.30%. DhZFEIHMFYIHAE 784 nm
b R)E I 2N 8T %, W T B AR A 8, Rk
Wy id i FAE W] WO I AL AN BN R E, IR
87%. HIBWIERCR WEiE I 2~ EsEEd %,

BRI A HE B BB ARER S 5 1.5 x 100 counts-nm,

125201-4


http://wulixb.iphy.ac.cn
http://wulixb.iphy.ac.cn

¥ 12 Z R Acta Phys. Sin.

Vol. 65, No. 12 (2016) 125201

A A R I RE R 1.3%.

3.3 FBKEFHEENEBR N RATBHLEE

A S ES A S OGP I T s, KR
ARSI, AR e 5 2 e —1a g Al
SRR, BB A OGN, W 1 AR, RO
B, HT BMsEE, Ktk REiFerEe
A LETE N S K. LRI B A T
175 2 5 TCCD #8328 Y0 Bl N B TG 56, 2R,
4 v TR G AN K I E I R AR, AT RERY
M) JE A4 SR G

1.00
0.75F
Q
<
3
3
£ 050t
z
3
& 0.25
0
400 600 800
Wavelength/nm

4 TREELE ICCD HRIN G B TE N & it 2
Fig. 4. Transmittance of dichroic mirror in the wave-
length range of ICCD detector.

w AR N, oAt B 1 E I % R 470—
610 nm i [l N 1P 354E N 90%, AR ZE 8 0.23%.
H T ICCD #£ ¥l #% 7£ 470610 nm [ & 1 % R 15
5, R s B AT A ICCD R 2% 9%
K36 F 22 429 470610 nm, 1% 30 FE 9 A S0 B 4k
EEA T (Y Bl A S R B R 2 v )
FICCD %5, Rk ZE%SET S oA %
ZEZ M, 112.2%.

D5 AS TR B 20 R (1) SR R G o ) 15 AN [
I % R B R A SR . T 98 [ 2 N 6 ns, ZERTZH
B 6 ns AT I 78 ns AR 2. N
MHE 470610 nm 78 Bl A % > 3 89 U3 — 40 e 5
1) 8] 3R LLICCD W 15 (1 6 i, 159 21 2 4 58 o
G AR SR, []154 6 ns, ZER 18, 78 nsif
) S A B S O 1 G B 5 R R R AT TR, SRR
SOl Tl S5 R B O Bk b BRI 145 S, dR
o Ml R R L R OB I e S E S a1 5
WA LR TR, B N 609 + 10 counts, M i
K550 E, 3285 2 ICCD A4 B [

6 ns, BPAL I ke B R 8 B 18] 0 H DG XT R G H, i
LR RBOCREWRRTS. BT TR, BB
18—24 ns 1 78—84 ns (1) BAKEE 5 73 3 540 T 21
K181 ns 5 1 BAREE B, 21 ns NP1 BAKGE G50
JE 2.7 x 10* counts, Bl & T 81 ns FHIFI5k
J£ 4.3 x 103 counts, UE R F D& B BE 2 i () 388 i
TFE. 81 ns N, FRARERST BIAE T omE 2D R

7115
AF
wn
]
g 5 ]
g + Experimental I(\) at t =21 ns
= — Fitted I(\) at t =21 ns
= (a) — Noise
0 Fee—
470 540 610
A/nm
. 81 . Experimental I(\) at t =81 ns .
=] — Fitted I()\) at t =81 ns ¢
3 — Noise N £
o Al : g
ERN-
:
(b)
0 "
470 540 610

K5 Ao s AT BOS Ik I L5, ARE 2~
B BRI U LA 2R M (a) 21 ns; (b) 81 ns
Fig. 5. The black-body emission spectra, fitting curves
and noises of fused silica at different time after which
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(b) 81 ns.
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Abstract

Black-body irradiation method can be utilized for measuring the instantaneous temperatures of electrons and lattice
in dielectric machined by the ultrashort laser. One ultrashort laser pulse, of which the pulse energy and pulse duration
are 240 pJ and 599 fs respectively, is focused into the fused silica by objective lenses with a magnification of 10 times.
The focal point is at the position of 874 um. The microstructure induced by laser near the focal point is 16 pm wide and
104 pm long. The central region of the microstructure is heavily damaged, and the marginal region is slightly modified.
The black-body irradiation spectra are recorded by the system that is composed of objective lenses, a fiber with two
lenses, a spectrometer and an intensified charge coupled device (ICCD). Furthermore, other imaging elements can also
be used as alternative to objective lenses, for measuring black-body spectra. The image point, which is conjunctive with
the machined region due to the imaging effect of the objective lenses, is coupled into the fiber by one lens. Another lens
collimates the diverging light beam from the fiber. The collimated light is incident into the spectrometer and dispersed
on the ICCD. Because the minimum gate width of ICCD is much larger than the coupled time of electron and lattice, the
temperature of electron equals that of lattice when they are characterized by the black-body irradiation method. The
temperatures of the electrons and the lattice are regarded as the temperature of dielectric. When the system acquires the
reflection peak of incident ultrashort laser, the delay is set to be 0 ns, and the central wavelength of the peak is 784 nm.
Therefore, to eliminate the reflection peak, the second harmonic and supercontinuum spectra, the delay for black-body
irradiation acquirement is set to be above 6 ns and the machined region should be confined inside the dielectric. The
system collects the black-body spectra emitted by the heat-affected zone in fused silica 9-81 ns after the fused silica
has been irradiated by single ultrashort laser pulse. And then the spectra are fitted by the Planck formula to obtain
the temperature of dielectric. After the dielectric is processed by the ultrashort laser pulse, the valence electrons of the
dielectric transit to the conduction band via strong filed ionization and avalanche ionization. The plasma with high
temperature and pressure moves outward in the form of shockwave. The shockwave transfers energy by convection after
fused silica has been machined by laser pulse. Due to inverse Bremsstrahlung effect during the avalanche ionization,

nearly all the incident laser energy is absorbed by the fused silica. The irradiated energy is only 1.3% of the absorbed
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energy, so the ways of heat transfer are mainly convection and heat diffusion. 21 ns later the shock wave turns into
acoustic wave, so central gaseous fused silica affects the surrounding region through heat diffusion and the temperature
of fused silica decreases slowly. The temperature of fused silica is 5333 exp(—t/1289) K at time ¢ (unit: ns). The
temperature drops down to room temperature 3.72 s after the fused silica has been irradiated by one ultrashort laser
pulse. If another laser pulse arrives at fused silica before 3.72 us, the temperature rises on the basis of the previous laser
pulse. In other words, the heat accumulation effect cannot be ignored if the repetition rate of ultrashort laser is more

than 269 kHz.

Keywords: black-body irradiation, ultrashort laser, dielectrics, electrons
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