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Abstract In this paper, nitrogen-vacancy centers in diamonds are created by high-energy electron irradiation and vacuum
annealing. The macroscopic color changes and internal defect transformations in those diamonds before and after
irradiation and annealing are investigated. The effects of irradiation dose and vacuum annealing temperature on the yield of
nitrogen vacancies are discussed. The results show that the concentration of nitrogen-vacancy centers rises and then drops
as irradiation dose increases. This is because under a higher irradiation dose, vacancies are more likely to form vacancy
clusters, which do not constitute nitrogen-vacancy centers during the annealing process. The concentration of nitrogen-
vacancy centers increases with the increasing annealing temperature and then saturates in the temperature range of 800—
900 ‘C. As the temperature further increases, the concentration declines due to the interaction of nitrogen vacancies with
interstitial atoms generated during the irradiation process under a high temperature.
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Table 1 Experimental parameters of diamond samples after

irradiation and annealing

Sample Irradiation dosei Annealing o
(10" electronscm ) temperature /°C
M1 1 900
Mz 5 700
M3 ° 800
M4 5 900
M5 ° 1000
M6 5 1100
M7 7 900
M8 10 900
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Fig. 1 Optical microscope photos of diamond samples before and after the irradiation and annealing experiments
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Fig. 2 Fluorescence images and phosphorescent images of diamond samples before and after irradiation and annealing experiments.

(a) Fluorescence images; (b) phosphorescent images
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Fig. 3 Ultraviolet-visible-near-infrared spectra of diamond samples before and after irradiation and annealing experiments (R means

irradiation, and T means annealling). (a) M1, M2, and M7 samples before irradiation; (b) M1, M2, and M7 samples after

irradiation; (c) M1, M2, and M7 samples after annealing
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Fig. 4

Infrared spectra of diamond samples before and after irradiation and annealing experiments. (a) M2 sample; (b) brown shaded

part of M2 sample; (¢c) M7 sample; (d) brown shaded part of M7 sample
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Fig. 5 Photoluminescence spectra of sample measured by 405 nm laser before and after irradiation and annealing experiments. (a) M2

sample; (b) M7 sample
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Fig. 6 PL spectra of diamond sample measured by 532 nm laser before and after irradiation and annealing experiments. (a) PL spectra

before irradiation; (b) PL spectra after irradiation; (c) PL spectra after annealing; (d) image of sample under irradiation after annealing
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Fig. 7 PL spectra of diamonds for 532 nm laser irradiation after annealing, and variation of [NV]  fluorescence intensity with

irradiation dose. (a) PL spectra of diamonds for 532 nm laser irradiation after annealing; (b) variation of fluorescence intensity of
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4 32 SCHE ] 590 2 4R B A M2 M3 M4 . M5, M6 Ff
w43 BIAE 700 °C .800 °C 900 °C . 1000 °C 1100 ‘C T iE
K1 WF TR R X G s A7 8 0 VR R 114 552 i R A
& 8 Ca) b 45 4 45 R 5 B BEORTAR K5 B9 PLOG RS,
AR B 3 B 5 B A RS 6 (80 0, O LK BB gl
£ 650~750 nm 2 [A] {4 % 25 7 2 o X 3k 2L A A1 3T 1) 5
B 3 PR Ry JIT AT R i 2 1 A ) 300 1 B R G S A
ViR B T o WA 6 68 0 98 ik B R AT I — 4k ik
PR M2 FE S Y Lo/ T A8 08 8, 15 80 AR R RN

(@ —— M2-R-T
-~ M3-R-T

—— M4-RT

M5-R-T

M6-R-T

Intensity

550 600 650 700 750 800
Wavelength /nm

M2 # b 19 9 638 B2 HU AR, W& 8(b) firzR o M aT
PLE W, A a7 o0 kO #E 800~900 °C X Ja] 1k #1 4fy
NN SR SR Y A DA AT N T B DB 8 R VA RTINS 13
JE B AR R B4R AR IX R R4 BT IX A AT R R
X, Hor M3 A M4 RE G M2 RE b 1 828 0129 658 i
a3 A T 26 %6 F1 24 %, 1 7E 1100 “CilR kB & 28 A (8
U e B i 3 FAAR, T T R 4 3R KR B S R T R A
R E R T .

1.5
(b)

gloft /
&

05F

1 1 1 1 1
700 800 900 1000 1100
Temperature /'C

K8 B A AR AE 532 nm O IR BY PL O35 A0 502 2¢O E BEIR SR EE Y78 AR 2k o (a) 1B JCRS 4 WU 7E 532 nm BOG R
f PL G ; (b) 280725 A 5 't 5 B2 Bt 1R IR IBE ) 248 i 2

Fig. 8 PL spectra of diamond for 532 nm laser irradiance after annealing, and variation of fluorescence intensity of [NV]  with

annealing temperature. (a) PL spectra of diamond for 532 nm laser irradiance after annealing; (b) variation of fluorescence

intensity of [NV] with annealing temperature
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