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Abstract

Surface of silicon irradiated by femtosecond laser operating at the wavelength of 800 nm with 100 fs
pulse duration and nanosecond laser operating at the wavelength of 355 nm with 5 ns pulse dura-
tion in the presence of SF¢ is reported. The conical spikes are formed on the surface of silicon after
the irradiation by accumulated pulses. Although the microstructures created by these two lasers are
similar, some differences in structure size and distribution exist. The two kinds of microstructures
are studied comparatively, and the mechanisms for formation are discussed. The differences be-
tween these two laser induced microstructures are mainly because of the different ablation me-
chanism for femtosecond and nanosecond laser. In the condition of nanosecond laser-structured
microstructure, the effect of gas pressure is more obvious on conical spikes formation.

Keywords

Laser Technique, Nano- and Microscale Structures, SEM, Etch

KPS EEERER IS S RAKEAR
*TEE iR

KoM, 2 2, WiEs’

'KHEBRT RGBSR, S K&
KEHT R, Hk KF

Email: ufomicronano@163.com

Wk H . 20204F2 H28H; A HEM: 2020434 13H; &4 HiH: 202043 H20H

SCEGI: REE, N, PR, W SR EOL R T S K 45 R 0 LEBE ST ). R EE, 2020, 10(3):
216-221. DOI: 10.12677/app.2020.103027


http://www.hanspub.org/journal/app
https://doi.org/10.12677/app.2020.103027
https://doi.org/10.12677/app.2020.103027
http://www.hanspub.org

S

HE

FESF, IR TEH, {EFH K800 nmfik %100 fsi) CRHBOLAIB 355 nmbk %5 nsHI R BOL 73 A%
REHTRERER, Sudbk ZIMEREERRTHR T AREMEH . XHHAFEBEHTMRIEH
TSN, (EREMIKD. M EERANER, BN WA T B CER M TR TR
g1, T HEHMERRERIE . BEHELESMEWNAREE R T MAR R,

T AR EOCHAMERR T, SESEN LRI EREMHEE.

Xiia
BOtER, WAREW, SHATEMSE, 2k

Copyright © 2020 by author(s) and Hans Publishers Inc.
This work is licensed under the Creative Commons Attribution International License (CC BY 4.0).
http://creativecommons.org/licenses/by/4.0/

1. 5|8

FERL S RS B TR R KRR E M) iz IR H BN R . BEE OGN
KN TEARK RS, A FOE BRI R ] AR ™ A ok B 41325 b, XSk R
EEMALEERA TR Thae Rt . Bk Eot R AT R I ARG 2 R 45 £E SFe U A Kb
JCRVE SN AR OGAE TR 2R T 73 59l AT SRATF AR LR AN TR G5 [ 1], £ HC2E oM A0 A B MASK AT ]
& IR dik2]. AR AUMBRTURE VAR R AIHE ) T KoF 248 nm VR EOCIRGTRE R, T
R BT A5 (3], WRPBEOGAE K o] BRI 25 th 9K B A M AL R G5k (4] EAN I SR 2%
AT USRI A F A 1 . FEAR ST IRATT4RIE T Ti:Sapphire 800 nm KOG Nd:YAG 355 nm 44F)
WOGTE SFe AUARIRE N il 5 TR I I FL R G AT, IR 43 R KD B A RD IO I & T e 2L R 25
FTE AL EEEAT 1 0 AT AR, XA ST 7 ASFEDC IR AR AT RIS R E LB . R T AL R R iy By
FETHOCMCER W58 A TR R BE AT 2 ThRERR L, RN AT R AR ARG R R, RIS R BH A
R ZLAMARM AR SRR KB 2GR & S A o EOR BT AE S (B

2. SLIGRE

ISR R N A1) RIEH SRR, RN 0.5 mm, HEHACY 1~100 Q m, £05d AR
EEREEBNE TEEENN 4R3PS E. AESSMEESEER 107 Pa J5H AL FEAARR
AR SFe PR B A A2 AR ST RAD BOR RIAN D O TEAR 5 (R0 6 RS 55 B2 43 51 200 4 kI/m® 1 18 kI/m?,
BT R AN FD 06 88 Nd:YAG (Continuum, Power 8000), =4 () = 5 AHOE I KN 355 nm, kit 56
fEH 5ns, EEMZEN 10 Hz. CHBOGKRE TR BOKEEH) Ti: Sapphire (Coherent) $FMBOG RS, HOL
PR 800 nm, JKHFESE 100 fs, EAEINFE 10 Hzo A THEHUR AP0 = 4L a8 182 Gt T3, Fin
WK N 52076 . £ WO G IS0 SN ked s (B BIBE RSN 1 mm,  TAAFRDEOGAL
IERER G R KR SR B4 30N 20 um A1 30 ume JEREEBRHURIT et ke g, T FP O i
T Ak s LR 600 ANk, RSO O 16 Rk A fUHR S 2000 ANk BT AR RE S FH 4 4 FEL 1 2 FUBE(SEM)
HEAT AW 53 H7 o
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3. BER5VHE

Wk 1(a), & 1(b), AJEGR 70 kPa [f] SFe 1 AR N, FIFANKSE A 100 fs. RERFEEA 4 ki/m’
{0 KR DI Pk e 7 Ak 2 T BT o) 4% RO PR I B SO 25 R4 1) SEML B o BEUR JA 880 5 S5 e 1 SR TR 2R A 457,
E 1) E 1@BKEG . BATRTCAE B, TRE i S0 ¥ i PR 35 FE AT 0k B 2 1 2 A1 43 A T /&
HrorAi). B O mfE S ARG R LR BUE K. SRR, RIS HIERmE K. S,
PR MO SR AL . NORBEAR IR X A0 B0 %, ARG = BT PR B BE i K. 78
U FITI R 9 0 225 W) TS A7 AE S BRI T 45 40 o TEFIRESRE R, BAE H 2 (107 Pa)t ik R T 2EA T fh
Kbt &, AT LR BIER TR T AR A5, 1 HIEAME 2 T Tl & AL SR B, Wik 1(c),
L)

Figure 1. The SEM photos of silicon structured by femtosecond laser in SFg (a and b, b is the
enlargement of a) and in vacuum (c and d, d is the enlargement of c¢) under the influence of 4
kJ/m’®

Bl 1. BEREEN 4 KI/m® S AF T I KB BOGAE SFe Uk h(a b, b 2 a (MO0 ML
Fi(c fd, d=2 c R IBORIRA) MG SEM B A

FIF R &% 18 kI/m*, JiK3E 5 ns (UMD TE R SR 70 kPa (¥ SFe 35 SR S AF T AERER 6] #
TiERE, WA 2(a), 1B 2(b)F. BATH LA BHENBOCHIE ARG b, oty s), =
HER LR GE A FFANAEHE RN o A2 T K [58] E R T0 0 A DAL KA A 3 1 DL T RO BRI AL 544
I AL HER TP REAOR ZORE R . TR H ARSI 2 AL AR SFe AR, FATFS 2K
IARP IO IE S5 M R AR KRIIAR AL, aE 2(c), 1B 2(d)Frm. iREEFTHEER SEM B R BoR, FRATE
50 kPa TIFBATMEIA 2(a) s KIS M o BATESALT SR b B S5 h LR BIROR LA RESE, JF
B2 T DL BB 25 K B S B (I P 2(d)) o 33— D BRI B AR 10 kPa, AR I BA KL HLK
ZiR(nlEl 2(e))o £S5 HAb 2R AR OL T BATINR TR G 2 T BE B 28 30 um, A6 FI R s
XA B ES, 2 SEM WIS R 2(hFr, BAWRE T 9 DI Gk #OE O R S5,
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Figure 2. The SEM photos of silicon structured by nanosecond laser under the influence of 18
kJ/m?. (a) and (b) are the SEM photos of silicon under the pressure of 70 kPa with 20pm spot
spacing, and (b) is the enlargement of (a); (c) and (d) are the SEM photos of silicon under the
pressure of 50 kPa with 20um spot spacing, and (d) is the enlargement of (c); (e) is the SEM
photos of silicon under the pressure of 10 kPa with 20 pm spot spacing; (f) is the SEM photos of
silicon under the pressure of 70 kPa with 30 um spot spacing.

B 2. gEEBEA 18 ki/m’ FH THMRHANIBER SEMBR. (FM(b)RSE 70 kPa,
JEBEIENEE 20 pm BFEY SEM BRE, (b)E a BIRIMKRFA; (oF(D)ASE 50 kPay SBEE]
85 20 um BTHY SEM BBE, ()EACBERMARRE; (e)ASRIE 10 kPa. FHHEBEEE 20 pm A
# SEM B F; (DASE 70 kPay SEBEIEIEE 30 um AFHI SEM BB

FEARTR ) AR 2T JATTR A R BOE AR WO ARSIl 1 e i LR A5 M (11 % . Jdid SEM
PURIRATA B, PRPOGIR  B R oR Z5 b BRORAE GG HI SRR AR BL, (BAESE R KN O A S5 07 TG A& A7
FERBRINZES: . XA R SO R I B (L2 R A e, BATRNE, PRI Z 300 K Ik
Fi 5 SFe AR RAEM AW B, SRR T 133 Pa IR 0 A — g KBRS, 3R 5
749 133 Pa I KZI4T 0.5 ML ) SFe BEE AR T, 110 24 TR TH i, R e AR R B & B 2 A7 2>
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BHIN5]. JBORRERIEN, BRI EE . L RE. HLIREESE, L5 SPTE BN SE 5 Tk
EERTIE BT IF/R3L[6]. TERXAERNRIE Tk A& R RE i) SFe SUh & — R . 2 e TR
M SCHEAE NS SIF, 2 IR BT IR 800 K, FRATHISLEE Bt 2 WP BOLIE £ UL R £ I
¥ Si 5 Holh 2 WA T UL BRI AL . IR AFEBOCHEALAE I Rt B LUR B 5 2 ki 72 7] 8],
1) EREEBOGHE R T M RER I A 73 3 TR A2 OS5 s B2
Si+nhv — Si’" + e (photo-ablation)

SF, (gas) + Si" — SFs + F + Si (decomposition)

2) SHFER F &7 HU 3 NER TR SiF, 2, 1 SiF, /2 X RO A0 5 -
Si+2F — Si+ SF, (ads.)

3) LA E B S VIO RSO S5 22 S22 DA R X B TP RE R 11 -
SF, (ads.) — SF, (gas)

SRR P FRAT A FDGIRHEAT 1 SRIRAT 5T, 33 T AR SR R R S R . XU T
AR RO IR AEAE A R MG S A . mroR BEHOE 5 AV B EAEH — &G X ARG &
R A Bk, FREERE (9], EFRATH SIS H i T WAL o 10 D) F % A Sk AR R A
o v BN S B R S B T ORES, IR RIS RR, X RO IR
T ke i(ultrafast plasma ablation) [10]. A8 4 CAPEOGAE IS A3, Tk 510 (Rl A A RSB 148
(R PRAR AR o IX U0 W] KD BO G B AL S 2V AR RIS I TR A B B R L ME A . i THE s 3RAN
WAF BB R HERL ZE A, XAt 0 U] RO R SORHERL S/ R B2 B 1 121 .

XFT R Bk EOET E, FER D R g 2 P A EFTHR I B, BDR IR, Sk, ket
FREEE . Wik 1(a), B 1(b)FR, YRPBOGRIGIE R RS BB AT S T BRI TR . B4k
SEREERE BRI CAR, AR T- 99RO s TAEE 30 pum () Bk AR SR pe i 2035 SRAS X AL A1 R, T
se R EE R (A 1] 2(D)), FLREEM TR, XX — g5 ) EAE KRR . X —4K
HFERZAFE VLS (vapor-liquid-solid) B2 Frfiik (173 4k . St TR B RE (1], X —Z5FEA
R AERACHE T, MAUAEROCIER I OALE, 3X 5228 SCER[ 1] - GNP B0 Ok 1 B T ik 1) 5 4
BUORAE . LAV AT B 2 FE OGO B e BE B B AR e b R b, AR BRI R 5 1 UL
SSER B SRAT, BEMITE R T A SCHI AL R G5« FRATIE I 4 /R R ikt sl B 728 (B BE S 28 20 pm FRAT 193] 17
KA BIAER B RS 3 A (11 2(), B 2(b))e AARPEBOG T & ek T B AR W AR RS SFe <UL, 7E 50 kPa
H110 kPa I I35 A7 13 BIHERL HURE(UN S 2(0)-(e))o TIAE KEPBOG G R AR U 2 AR I35 0 Tl ok
SERIITE B PSS RIS XA B T KA BO G RN O S AR FIH LIS [R) A0 2 J5 T RS 28 1
PR Z L AR A R L AR B4 R e 2 BEAE NP IBOE ) 3G fe e 2 v A=A i 5t — AN JE B 2 A I

PRLAE.
4. &g

J@IT Ti:Sapphire 800 nm KFPHES Nd:YAG 355 nm GNFPBOGTE SF SARIAIR T Y7013 TH i1l %
TILREER, CRPBOGHI & I FL R G S5 AUKBEOEH & AL, KED MG T S IE S5 R B/ L
Ky BUEESE . G0 7 AN RO B 48 ik 2 T LR 5 A T LR AR I, T AP BOE R LAY
SRR EZ AT BB E R, XA “lig” RIS EIKE T SF AR ZI . RO
TR 32 25 1) (1) 7 A AR T SF 20l AR, Joe i 0 20 ot A 2% A B I R4 A 7 R LR A o
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