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Characteristics of Carbon Plasma Induced by Pulsed Laser
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Wuhan National Laboratory for Optoelectronics, Huazhong University of Science and Technology ,
Wuhan, Hubei 430074, China

Abstract In order to study the kinetics of carbon plasma under different air pressure conditions, the carbon plasma
is diagnosed by optical emission spectroscopy. The carbon target is ablated with a 1064 nm Nd: YAG laser. The
early emission spectrum is continuous spectrum, and the electron temperature of the carbon plasma is estimated by
using the black body radiation formula. When the line spectrum appears, the electron temperature is calculated by
Boltzmann mapping method, and the evolutions of electron temperature and density with time and the influence of
different pressures on the evolutions are observed. The results show that the changes of the temperature and density
of electrons are consistent with time under different air pressure conditions. And as the gas pressure increases, the
plasma is limited. As the collision between particles increases, the electron temperature and electron density
increase. Graphene films are deposited at pressure of 0.01 Pa.
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Fig. 1 Simulated black body radiation of plasma spectrum
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Table 1  Spectroscopic parameters of C II lines

Wavelength Statistical Transition probability Energy /eV
Transition
A /nm weight g, Ay /st E. E,
392.07 25%48*S, ), —25"3p* Py s 2 1.27 X108 19.494540 16.333123
426.70 25* 4" Fs/y—25"3d* Dy )y 6 2.23X10° 20.950644 18.045809
657.805 25" 3p* Py —25"35" S, 4 3.67 X107 16.333123 14.448827
723.642 25 3d* Dy, —25"3p" Pz 6 4,18 X107 18.045987 16.333123

0111001-2



i ot

22 BFEENITHE

KM Stark JEFEE T E A FEEOMOCHES
e S5 1 R v LR 3 B R A A 25 R UL A AR
JESER Stark JE v, 2% B R 58 MO T 2 3 AL
L B 5 Wl kS IRT iRGs S A k. R AT,
C I B THYEERZAA 10° cmes ', x50 Y 235 )
LIEAR/N 2R 0.013 nm, 7] DL Z WK . XA R 5E
B TOLRAL R 2 B R DGR ATV S R
SO PR, A AR B A L FWHM 26 58 249 8
0.017 nm , AT AT A5 2L &% R 58 . A 8 5 58 J5t 1
FI e S s s | 1 R 9, B2 /N T 223 B e 9L T LA
WA, RELE R C1I1426.7 nm 352k 19 Stark

o 2 RUR AR B TR A O

1/4
AA, =2W[1’(’)26]+3.5A (1’;“*) X

3 s Ne
(1_4ANDINJW(1OIGJ ’ 4)

KA, HIELL Stark BRI K IESTEW RS
SR TR H TR A OGP R S L Ik 2
FiaRlelsn, HEBE FIRE THEE;A HE TR
BHG N HEFEER R Bk P8, X T AR AR T
Stark 58 FZ 5 TR A &, & F A w1 ik
Al Lz wE PR () o] AR A6

n.
AA],’Z Zw(lomj ° (5)

2 ORI BT B TR S
Table 2 Electronic collision parameters at

different electron temperatures

T /K w
5000 1.22
10000 0.997
20000 0.845
40000 0.741
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Fig. 2 Experimental setup
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Table 3 Calculated electron temperature and available

spectral delay at different pressures

Pressure /Pa Delay /ns  Electron temperature /eV
0.01 100 0.69-2.04
1 120 0.78-2.06
50 290 0.86-2.15
150 330 1.03-2.41
1000 260 1.29-2.71
10000 260 1.29-2.74
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Table 4 Calculated electron density and available

spectral delay at different pressures

Pressure /Pa  Delay /ns Electron density /(10" cm™*)

0.01 100 2.83-0.26

1 120 3.01-0.12

50 290 3.39-0.14

150 320 3.77-0.16
1000 250 7.39-1.03
10000 200 18.5-4.36
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Fig. 7 Evolution of electron density with delay at

different pressures
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