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Application of Gated Photomultiplier Tube in Signal Detection of LIBS

Tang Kunpeng Li Runhua Chen Yuqi
School of Physics and Optoelectronics, South China University of Technology, Guangzhou, Guangdong 510641, China

Abstract The analytical sensitivity of laser—induced breakdown spectroscopy (LIBS) is significantly influenced
by the electronic bremsstrahlung emission in plasma. Since the time duration of the background emission in LIBS
is usually shorter than that of the atomic emission, it is possible to get high signal to background ratio by using time—
resolved signal detection technique. A gated photomultiplier tube with a simple new gating circuit is applied in LIBS
signal detection and the copper impurity in aluminum alloy is analyzed with improved analytical sensitivity. The
rejection ratio of the background reaches 15: 1. The limit of detection of copper in aluminum alloy is determined
to be 1.02x10° in single—pulse LIBS, which is much lower than that obtained without gating technique. The gated
photomultiplier tube can be used to reduce influence of the background emission and will be helpful with improving
both analytical sensitivity and spatial resolution of LIBS.
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Fig.1 Diagram of the experimental setup of LIBS
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Fig.2 Schematic diagram of circuit of the gated photomultiplier tube
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Table 1 List of the trace element concentrations in standard aluminum alloy samples (mass fraction, %)

Element
Sample No.
Mg Cr Mn Cu Zn
GBW02215 1.00 0.15 0.010 0.19 0.011
GBW02218 0.39 0.010 0.15 0.053 0.14

3 SRS
3.1 B

WO T 5 B T B W0 3 A7 A 25 AR 5 % SR 7T SR I (32 T R BB ) AR B 4
Je TP NG5 P UEBR . T o S0 G 00 ot B B ) A 0, 1~2 s PN LR B L-F 0 B L 1
TR 2 RS TLGIORD 9 B 8], 26 32 B 8] B PN, B 55 B AU B 0 T A, D S s 2 i 1 o i 2 A s Y
JE o WX PMT (36 25 647 1145, 45 5 ) BOR 58 I A7 ZE B, PMT AL (038 25 RS mi B B0k F 3R 5 76 &
T4 2 B, 76 JL - G %) ot T4 [0 S 1R PN, PMUT A 1 v 384 25 DR 25, 5 SR FH B 1) 40 B DM 35 A 00 5 RS 38 ok o BB
PR SRAE T BV AT 8 AR AN ) S0 F A SR DR A S R T e B s e R R 5 R

B3 R T4 0 B A 1 4 1 DU 0 4R A & PO BT 324.75 nm 28 BT 28 Bk 1K Ol 324 nm Ak 75 SR
A B S P S g AR A GBW 02215 5 586 4, OBHE N 8 mJ. 7E 0~1.5 ps B [H N LA b T
I3 25 RS 0 A5 3045 i 1 155 5 B S0 55, DTG b £ 1 O LA B T R OB S AL T AR S L 5
EARL S o 7E 1.5~10 ws 38 BBl P9, % F A5 38 80 A 1 w3 1 2 R A ) DL -8 O 19 A 5 B E R . Ot
35 104 A8 DR A R 1 25 A B TR) E M i R B TR A5 5 T B U E o B TG HL AR AT T TR A B e o T A B A
{5 ), E T G A5 T 38 R Lk B 7 R B b 2 7 A AN ) 1 AR 0 ik o, BT 3 R R a A R DOBAE S A
B o 0 SRS 5 o L AR AN IE B o AR AR 5 25 AR S XHE S R ke R B — A B ) ik o
SN S KM R — i WS o T = T IZ R 1 K i 2 RE I TR AR JE (/N F 500 ns), 1004 JE T 324.75 nm
5 S 1 5t T4 I ) 3R U ACRD , PRIk R R T A1 B 2 6% 98 (O T 300 MH2) A5 5 115 B i K, OF HA 5 5 R A
IT N2 R 1o Jik A5 5 305 2 04 Bk 220 FF ey, 3 T A AR S b e AR 32 5 1) Jk v %435 5 A6 00 4 ke 9 s e o e A, 5 R
I SR A B (] AT RERRAR Y S TR R R AR . FEGIE TS b, R T AR R KA E T L, A £ A5
RAFE B DL RRAR A BT iR 22, O 1 T HEBR 11458 H I I DG B 5 S 1) Wl T 40 5 1 s e, B0 SRR T T T 2~4 s

1115004-3



S I S

————— gate circuit only
~ a ;
3
=1 , TR S
2 —1=324.75 nm
g 1=324 nm
g
£
=
= A
= b

0 2 4 6 8 10 12
Time /us
P13 SR T8 0 H A 498 4550 Si B0 4 51 S RS S AR S A i Bk L i 2k ac TR SR8 TSIt 7 2R A ik i 5
HELR b: Cu 324.75 nm JCHR S ALK 4 324 nm 40T 548 5 A9 I s 5]

Fig.3 Temporal profiles of the atomic emission of copper and background recorded with gated photomultiplier tube.
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Spectrum a: pulses generated by the MOS field effect tube; spectrum b: temporal profiles of copper atomic emission at 324.75 nm and

background emission at 324 nm
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