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Abstract: For many years, silicon and germanium have been considered the suited semiconductor materials for
detectors and integrated optoelectronic devices fabrication. However, compared with diamond-based devices,
such tetravalent semiconductors are less resistant to radiation damage, and the devices are less stable under harsh
conditions or under high-energy light radiation. In recent years, due to the excellent optical and mechanical
properties, diamond has become a promising material in the application of integrated photonics, sensors, and
quantum optics etc. The laser-induced microstructures of diamond represents a powerful tool used for the
development optical 3D-contacts devices all-carbon detectors graphite resistors on diamond, as well as the
realization of single photon source. The physical mechanisms of femtosecond laser induced color center,
graphitization and refractive index change in diamond were demonstrated. Based on this, the applications of
the femtosecond laser induced micro-nano structures in diamond for single photon source, sensor and

optical waveguide were introduced. Then, the future developing tendency in this field was prospected.
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Fig.1 Schematic diagram of the crystal structure of diamond with NV

center (carbon atoms represented in black, nitrogen atom shown in

yellow, and the vacancy shown in white)*”
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Fig.2 (a) Experimental setup for the femtosecond laser illumination on a
diamond sample; (b) Illuminated diamond sample by femtosecond

pulsed laser with different illumination time; (c) Same diamond

sample after slow oxidation!**!

JEE A, AR T T 110 R 2 B 00O 1 45 TR B 1) 3
T 38 8, 7E A S IR A U5 S €00 T 1 A i A
WO R PRI AL G A 0, IFRRARA 5 e (.0 1k
FRPE . 2019 47, 1Z T BAPT E— 2538 o R RO R R
WEAENRIZN SN A R, FiR IR H SR T
SiV (A0, R HIE TR SiV (.0 IF 8] T —FhAg
751

UEAER, ARG B . O 7E 4 NI IR S
Jo 0 80 IR AR 22 2 3 T F T A . K A W
A7 PR B4 00 B BB BN O A 5 4 2 SR 4 WA €
DR R AL 26 2 o
1.2 MEREH
12,1 AEE ST R

MREHOE S SRR AR, — B A
P, AR5 st B AR e R 4 AR YL 1
WA bR, AT A — R 2T
REFR AR, AR A AR B 1T e 2 S EOE &
AR L, SR ) P RSO 4 B30 T 5 T O
BRI X ME A R . RO R RN (L BE7E 4 W1
A B A R, 7 Pt A T A R o R R
AL, 2017 4R, 4R HER 22 1Y Chen™ 2 ATEHLF
S 4 W A7 BE S TR BE 50 um b SEER TR B Y
NV @05 A, FH CEEOEHN TR G g
TESE PRI 42 5 2 S5 AE S WA AR T i A0,
045 B 7R 4% - T80 P AT 34 200 nm. 38 5 2028 bk v g B
E, (16.0~61.8 nJ), & M8 DX 28 i 1B ™ A 0 19 20
WER 5 18 45+£15%, il 5 Fr 9 19 B4~ NV .0 7E LR
TR M RRE A TG IR

R A 0 B T, T B SR IO R RS X
B A WA AR 28 550/ B A Ak B, DL IR RO
VBT A 1 28 A S NG 8, RS EUR A S
FEAE NV @0, B TR B b s SO B BEALAY,
DR st FH sk 2 75 325 1 4 WA P9 8 2 o7 8 1 4 600 1 25
FDAE AR DR /37 . A ff i — [ 8, 2019 45,
Chen®" 25 A4 H 76 ik oh " ©RD SO IA 5 7 A 48 X
J&i, F— R R AR IRl 1 R RO ik o BR 00 15
B AR A it Py AR b B, G ] 3(a) 1 3(b) BT
IR, T T DA B M A FE A WA PR s 2 ) 5 ]
25 YR, O A Y A TR B R R T R S
H il A A €800 28 SORG B 3 55 AT A 35 nm.

20201057-3



i E ok A2

%128 www.irla.cn % 49 %
(@ (b) (a) 2 ()
25? fs 250 fs ' E 0.08 G-peakl §75 o
=4
>’ ! < 0.06
t Z
1 ms | g
' Lj . Ed<E % 0.04
Single see Diffusion 3
pulse . X 0.02
pulse train Té
S 0 = = -
Z 1200 1400 1600 1800
Raman shift/cm™!
[€ 4 500 kHz =R ATR TG R D™ A A 8o (a) F8 IR DX i

P 3 SO 05 A R EUEPE . O o e A 2 3, SRR LA

A (R 5106 4 I TR TR B0
Fig.3 Schematic of the laser-writing process. A single seed pulse is used

to generate vacancies in the crystal, followed by a pulse train at

lower energy to locally anneal the diamond®”!
122 #FHHEZ

FEBEE MR )R ok o38O BRSO 0k T
DA IS RESS DX Sslob B A 5, i = 4k 0 5B A Hh

AIRE . E AR AR, OGS AR AR EAE

W E 237 R T AR RS R0 S B0 IR DT SR
R, — BCPE B R FE XSRS SR AR ) A
MTFAHF BT, T #4550 C RO IR X %
Pr i RASAL I RE I, 2016 4, 3 K FI K 22 BT K2 1)
Sotillo®" &5 A Xt 4 BE X 3 14 F1 & 63 S AT T 40 H7 -
WK 4 FirR, AR BE X0 B AT DL 1332 em™ g
{10y L (0 7 2 0, LAY () F K E R SR 2.3 em |, B
JeHE R X 8 1 Fr 2o B R, 7E 1333 em™ b S RIA
e P i 35 AR 1 240 15%, 2 W 4 I d AR 45 449 119 TC I
FERE I (& 4(b))

2017 4F, Sotillo" 4 A i — 25 X% AN [ 5 &2 4 52
PO RSN A48 B8 X 38R 4T T p-Raman 6 3% K o
i 2 ik e AT 6 11 I AU A DX SR 4 WA ) T 2 06

e B A, RN 500 kHz, “FHT% 50 mW, F4t
J& 0.5 mmV/s; (b) FME X BIEE Y PY4 5 L p-Raman Y63 (532 nm
PR WUR), Out FE A4 X AU RL &g . DGk CIH—4k
BRI, LR RESHINER G WA X o B A8 B

Fig.4 (a) Transverse optical microscope image of single laser-induced
track written with 500 kHz repetition rate. 50 mW average power
and 0.5 mm/s scan speed; (b) p-Raman spectra (532 nm excitation
wavelength) at four different vertical positions inside the
modifcation. "Out" refers to a spectrum taken outside the track.
The spectra have been normalized to the diamond peak to show
the change in the relative intensity of the G-peak inside the

structure®"
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Fig.5 Shift of the Raman diamond peak at the center for different repetition rates °*!
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Fig.7 Top (xy) and side (xz) view of the date fabricated in diamond at a
depth of 80 pum. (a) Without aberration correction; (b) Employing
the dual adaptive optics system. The laser beam was incident
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Fig.9 Transverse microscope view of type II waveguide in diamond
along with near field mode profile (=635 nm). An arrow

indicates the position of the mode!*"
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