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Abstract Nanosecond pulsed laser is used to blacken the surface of copper, and the reflectance and roughness
of the samples are measured by a spectrophotometer and an optical surface profiler. The micro—nanostructure is
observed by a scanning electron microscope (SEM), and the effect of scanning distance on blackening under
unidirectional filling scan is investigated. The results show that different micro—nanostructures are formed after
different scanning distances (grating—like, approximately grating—like, and coral-like, and so on), and the decrease
of scanning distance can enhance light absorption obviously. When the scanning distance is 10 pm, the absorption
of blackened area is over 97% in the wavelength band ranged from 200 nm to 760 nm, over 90% ranged from 760 nm
to 1110 nm, and over 85% ranged from 1110 nm to 2500 nm. In addition, the effect of different filling directions at
the second time under different scanning distances is also investigated. A certain enhanced absorption value is found
after the second blackening compared to the first time, and the difference in absorption among different filling
directions is diminished with the decrease in scanning distance.
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Fig.1 Schematics of different scanning methods. (a) Bidirectional filling scan; (b) unidirectional filling scan; (c) retractable scan
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Table 1 Roughness and oxygen content of the original samples and the blackened samples before and after laser blackening under

different scanning methods with scanning distance of 30 pm

Original sample Blackened sample
Scanning method
Roughness /pm Oxygen content /% Roughness /pm Oxygen content /%
Bidirectional filling scan 1.303 0 9.717 7.12
Unidirectional filling scan 1.350 0 9.544 6.31
Retractable scan 1.399 0 10.350 7.30
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Fig.2 Reflectance spectra of the original samples and the blackened samples under different scanning methods
with scanning distance of 30 pm

B = AR IR ZETSS W 0 R AR L ROUIE 30 (18] 3), & 305 3R 7E A (1) XLTa) ) A L W4 X
F A7 AE — A B o, R HC 32 81 40 25 1 30 A0 1 3 (a) JIT 7 (4] U150 A S, 3 s F T P U5 A I O Z5 A A 1 50 .
o MR BT B G /D B — 8 R B 2 S AH I R Al Y s ] ) B O S SO R AN SRR T B o
A, o TR R — B — BB AT Y T A A A A AR O A A B S AR I O R EOR I
55 G5 A FAL A IO TR S5 A 7 B AN (], B BB B o PRI S 2 6 44 SR 8 o) L 7 X4 4 U
3.1 $3FEIE BB X T B RSN

K FH B ) 3 S S R AR UORE £ 181 B 0 3% R 20 wm 140 pom , 75 B0 RE 5 SR BRS04 B s 9F 5 R
GRFE S B T BE O 30 pom 9 28 [R) R4 4 07 sSUF T RO RE ST LB 8. AT LA 7 200~830 nm I3 i K X
[ PN, 28 40 pwm [0) FE 4T J8 5 AOAE 5 B 5T28 1E 30 pom B W% (=5, 111 7€ 830~2500 nm X [i] N 1 LE 30 pom B 1K, 1H Bl
WA BN, P 22 ] 25 B ORI . 2820 wm (BB AT SRS (9 RE SR AE 200~2500 nm [X 8] Y H
30 wm BAIK, 75 200~830 nm DX [l P, Fifi 5 I3t 30 1< A9 38 im0 28 22 () 19 2 {0 7 22 K Tl 830 nm 2, I 2

0303004-3



S I S

defeat and hole

P13 30 pm 4748 A1 BE T A [ 49048 05 =X A0 9T SRASCR P KOt 2 AU T MR TR A o (a) Wi X448 5 (b) 51 B 58 204 s
(c) W1 d3 50 31 4

Fig.3 Blackening photographs and surface morphologies of optical microscope under different scanning methods with scanning
distance of 30 wm. (a) Retractable scan; (b) unidirectional filling scan; (c) bidirectional filling scan
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Fig.4 Reflectance spectra of the original samples and the blackened samples with different scanning distances
under unidirectional filling scan
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Table 2 Roughness and oxygen content of the original samples and the blackened samples before and after laser blackening with

different scanning distances under unidirectional filling scan

Original sample Blackened sample

Scanning distance /pm

Roughness /pm Oxygen content /% Roughness /pum Oxygen content /%

40 1.068 0 16.621 4.94
30 1.350 0 9.544 6.31
20 0.828 0 10.214 8.86
10 1.393 0 13.821 9.87

FHA e S GUBE (SEM) R8T 28 J5 A 5 B IOUL 25 44 (181 5), 6D 5(a)~(d) T 7 B9 45 48 TR1 BE. o 4Kl 40,30
20,10 pm , AP ORI EIAS [ 451 48 0] BE 3T 285 B0 AR S AEAEAS —FER IO 254 o v, ] 5(a) J2  — R AN HE TR 25
A ] 30 1l 20 2 S ST AR ) OO0 25 A, T 25 R R AT T T 4 oK RUEE 1 SR A 3 B BURL 2 T O
e ik el B TP A TR T B0 LA B I e Bl BT HR I R TE I 5 8T 5 (b) 5 TR S ()2 R0, AT S RO ER A fRoU 6 ), (H

0303004-4



AU I S
IR A2 /0, M A L AN AR 18] 5 (a) BT 78 B HESE , ELABURE ) 728 R I 58 4 31— 2 5 18T 5(c) v B A% 8] B 2 — 20 4 /)N, J0RE
Yy 3% 42 fik A2 10T I ISR A TROUL 5 4 o B R 91 TR A 90/ 30k Ao ] 40 6 45 R o i T R IO AR =2 19 2
PE1 5(d) it 7 FR A8 BEOIR TAOWL 285 4], 3 b 248 4 R T HH 3 1 3/ 22 GBS AL LR ) R — S8 0 g e

P e g

Pl 5 8 [ 078 3 40 7 3T A R 404 1) B AT SRR 9 SEM % . (a) do=40 pum; (b) do=30 pum; (¢) do=20 pm; (d) do=10 pm
Fig.5 SEM images of blackened samples under unidirectional filling scan with different scanning distances.
(a) dy=40 pm; (b) do=30 pm; (c) dy=20 pm; (d) dy=10 pm
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Table 3 Roughness and oxygen content of the original samples and the blackened samples under unidirectional filling scan with

different scanning distances and different scanning directions after twice of blackening

Scanning distance and Original sample Blackened sample
filling direction Roughness /pum Oxygen content /% Roughness /pum Oxygen content /%
40 pm “=" 1.191 0 18.706 4.72
40 pm “+”7 1.309 0 18.165 4.01
30 pm “=" 1.429 0 13.612 5.88
30 pm “+7 1.355 0 10.578 5.47
20 pm “=" 1.108 0 18.246 8.66
20 pm “+7 1.280 0 14.017 7.52
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Fig.6 (a)(b)(c) Reflectance spectra of the original samples and the blackened samples under unidirectional filling scan with different
scanning distances (once) and different scanning directions (twice); (d) schematic of the vertical filling for the second time
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Fig.7 SEM images of the blackened samples under unidirectional filling scan with different scanning distances and filling directions
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