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Experiment on Ablation Threshold of Single Crystal Diamond Produced by
Femtosecond Laser Processing
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Abstract  Single-pulse separated ablation and multi-pulse cumulative ablation experiments are performed on single
crystal diamond by femtosecond laser with different powers. The single-pulse ablation threshold and multi-pulse
cumulative ablation threshold of single-crystal diamond materials are calculated, and the variation characteristics of
ablation threshold of single-crystal diamond at multi-pulse are studied. The results show that the threshold of
femtosecond laser ablation of single crystal diamond is 8.80 J/cm?. The ablation threshold of single crystal diamond
materials decreases with the increase of effective pulse number. When the effective pulse number is less than 124,
the ablation threshold decreases sharply with the increase of the effective pulse number. When the effective pulse
number increases to 486, the decreasing trend of ablation threshold tends to be gentle. The optimum laser
processing parameters are as follows: the effective pulse number is 486, and the laser average power is 10.7 W.
Key words laser technique; lasers and laser optics; laser ablation; femtosecond laser; single crystal diamond;
ablation threshold

OCIS codes 140.3390; 310.3840; 350.3390

15l B

< WA 2 B E A v B AR BT RAF B W)
HPERE R R e v . BEE AR S HOR A K
FEMUZS LR D2 R VI TR 7 oofF B2
Y7 1 B R Tl A5 45088 b 4 18 43 iz

WL I TAR D9 — Ff A 12 fk =X 09 i T07 3% L g%

A SCRE B T B LA T RRE 2 Ak, i — AR A L
AR T 07 % . KA BEOLEA K v A i (E
RE F B8 A R L 38 15 JHG RE A8 A 280 AR I Bk o 38k
DTN T A B TR 7 e e AR B AR RS % T
R EAREE PR B RER O N T 4 W
A e o 1 (L DA B RAR O 5 B 4 I B A HTAL
MAAEREEX,

W HER: 2018-11-07; 1E[E HEA. 2018-12-13; FHAHHE. 2018-12-24
HETB.: HE AR AFES (51675172) iR & 05T 4= BRI 3 0 H (CX2017B082)

* E-mail: hdgychen@163.com

0402001-1



th i

ES R o S 1B S Y T oy - 1) | I e L P
A SE W I 43 - Shirk 2559 R KM OE 5 90 FD i
FEXF 4 WA EATRE o T, IR, 5 9 R4 K ik o
WOGHH L RD R S ik b O B B Y Jeschke
SEUUR o T o S S AR T RO R il
& NI 1 A T2 28 A Ak it A%, @S 7 & NlA G
B SR RO B B A Y, I A T be i B S
WOk 55 2 18] 19 06 255 Odake 25597 43 5% £ 1 4
MIA 5 WA AT T RO DI IS 15 T 20
i NI DR S AR AT e et 5 AT L B 25 2
ZIph et . 7 E N, B AR OR RO
X 22 fih 4 WA BEAT TN LR SE T bk b e L F R
L ENIIE ¥ OO A KL RaRiE A R s i
I SEE A T NP O H RN OB R N T4 NIl
1) 26 5, SEER A5 R R W AP0 I T & WA B A
SR P R T AR {H I R N TR OB T A WA
ML AT IR AR ZE

AL TR K b RO S 4 WA A R R
TV AL, 3 o AR AR L 1A T RO B il
FRL 4 WA T B K e K 2 Bk g ek RE L PR 5E T 2
Jok VR SR 4 NI A 08 ol R (L 1) A8 B RE L 15 3]
TORERFE I TR S NA s LN T T A S
5t ORI K h g i 4 NI R R T DL 43 SR 55 b il
IS Tk B A B B 1 2538, S RO I T 4
RIA M T 2%,

A e N S

21 RMBEEMNITERE

be i B (2 — > 5 O R B R R 2R A7 K
(A 24, ol T TR AR B 0 0 6 ol ] L P B A
7 A LI A R 25 B0 o DRI AR S 6 R T AR Bk
A6 ) 5 B 4 W1 A R B B

TRAMFHOE Y Rk e BB AR A e 30T A, AN AT 1B
IR WOGRERNE EE o Gr) SOCHBIIE AR I R

i22
¢u>@¢m[ [j, (D

Ko AWOCIEHR M I HBE = % B r M BDLR
FI_I‘L‘)E/‘JEE%;CUO y‘j]]?‘j%%ﬁfﬂ@*ﬁéo
CIRDREEIR: SR QUL 9]

E,= J 2rre(r)dr =

0

72 2 2
Jgaoexp( erZWrdrTuzuogoo, (2)

wo

(p()

| <

v

pe

2 r

»
T e 00 RO i A % 1 43 A [

Fig. 1 Energy density distribution diagram of Gauss beam

A B0 Rk P aE R 5 PO BE R BRI OCR N

2E,

Po=_—5> (®))
OG- 24 D) R Uk RE & Z (B 1Y C RN
E _ P (4)
p f s

P P A BOCHI P2 DR £ B0 B E AR,

H AT LA 2

2P
®o :foa)g °

I PO B K A 28 e A T DX SR ) B AR
D, O R0 il X 30 2 4 ) SO R BE B R
N oo W @, L SEBLIZA BB T 25 R 1Y d5e /N 19 9
O AR B B RIVRTRL B Bk B

TEAS SEHG DK vh Ot 1 R B 2 v 307 20 A1 HLRE B
SRR SRR

(5

DZ
soh=¢oexp£— ] (6
2(,()0
Fh I 75 3]
D’ ngln(%j . <)
(9N

A EW I F-WAWNEIF- W S Y =¥ E ¥

D? =2w? (ln P.,+In > J R (8)
Tfws @

() XRE—FRBRK/NN 205, T D* M In
P HZ,

FH A ek g ol 15 (L F) A SCRT T B Jpk o ok 1M1 3¢
ELAR R 10 SO B B S M RE I 8 ol
R A S 50 DU A ) 38006 Ty 238 6] 0 1 B fk e g ok 1 47
LA R FH B A G 10 7 1 38 2o B0 HE B3 T 3R A
Bl e TlUbE Ak f 58 o K
22 ZWHMEISHZE
2.2.1  SFEXe At

ARSI FH %) BT A WA A B bE R LR 10T
ZHRRERIA R RA R TR R A,

0402001-2



i ot

F 1 RERERARY YRR

Table 1 Physical properties of monocrystal diamond

Property Value
Thermal conductivity A /(Weem 'K 1) 20
Density /(gecm ™ *) 3.515

Constant pressure specific heat

1.827
capacity /(Jeg '+ K ")
Thermal diffusivity « /(cm®es ') 3.114
Melting point or decomposition point /°C 3700-4000
Refractive index 2.417
Absorption rate (laser with a
0.25

wavelength of 1064 nm)
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Table 2 Average power and its logarithm used in experiment

Number P,/W In(P,,/W) | Number P,,/W In(P,,/W)
0 11.1 2.41 8 20.7 3.03
1 12.3 2.51 9 22.3 3.10
2 13.4 2.60 10 23.4 3.15
3 15.0 2.71 11 25.0 3.22
4 16.1 2.78 12 26.5 3.28
5 17.3 2.85 13 28.1 3.34
6 18.0 2.89 14 29.4 3.38
7 20.0 3.00 15 30.8 3.43
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Table 3 Experimental data

N =K

Effective
Laser scan Average laser
Number pulse i
times power /W
number
1 4 1 10,13.4,17.3
2 31 8 7.7,10.7,15.0
3 124 32 5.3,8.8,12.3
4 486 125 4.6,8.8,10.7
5 972 250 4.6,6.5,8.8
6 1943 500 3.8:5.7,7.7
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