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#1 AKRTZSE (1 Torr = 1.33 x 102 Pa)

Table 1.

Growth process parameters (1 Torr = 1.33 x 10% Pa).

Figne  CH,/scem

Hy/scem N 4% /ppm  Oy/scem

R /W AERIES/Torr AEKIREE/C A KitE] /h

1 9 300 3 0.8
2 9 300 60 0.8
3 9 300 90 0.8
4 9 300 120 0.8
5 9 300 150 0.8
6 9 300 350 0.8
7 9 300 480 0.8

5 180 880 100
5 180 880 100
5 180 880 100
5 180 880 100
5 180 880 100
5 180 880 100
5 180 880 100
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Bl SN RRERKEE  (a) REELE; (b) Z28&; (o) 4 (d) 28t
Fig. 1. Growth defect of diamond single crystals: (a) Local warped crystal faces; (b) polycrystalline; (c) cracks; (d) crevice.

K2 AFRASRSHARBRIEHRMIYE (a) 15;(b) 25 (c) 3% () 45;(e) 55; () 65; (g) 75; (h) HEMIYA
Fig. 2. Surface morphologies and pictures of different nitrogen content diamond single crystals: (a) Sample 1; (b) Sample 2;
(c) Sample 3; (d) Sample 4; (e) Sample 5; (f) Sample 6; (g) Sample 7; (h) pictures of different samples.
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Fig. 3. Growth speeds of different nitrogen content dia-
mond single crystals.
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Fig. 4. Nitrogen contents of different diamond single crys-
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tals.
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Fig. 5. Pictures of high nitrogen content diamond single
crystal prepared by HPHT methods.
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Fig. 6. FTIR spectra of diamond single cyrstals.

K, 4 NI B rp B 25 0 BB vk BE S IBE K, CVD
1 A WA s B AR PR A R IR T e 5 & NIE
) 2SR BR A A O, 28 2L B A
TEREE fm, SAIRFE G NV (Al —ilE
0T AT LA 3 e R ok ) =T B £ 25261,

gk CVD 4 WA b BRI A e 7 A
R S EE NV L il a8, SConrh A &
54 ppm 1Y 4 WIS AR S EA T RR R, R
IR O 6x10' cm 2, 48 BRI [E] 25 h, 850 C
ZMF T HZsIR K 2 he SR PL GG X4 R TS Y
NIRRT NV DR E T RAE. NV &
O HA SR EEUR GG, NV IR T4 R
637 nm, NVO i9ZE 48 575 nm, QE 7 Fiw,
TE PLOGIE 8 BT %) 4 NI o0 B 3o B
B NV A NVO g, Brit 2 o, i nf 5] 573 nm
b B & WA AAE . B8 BB A WA B R i NV
U B 2 P, PO B R T TR 70 i
RPN TE R RIS R, S RE AR A SN
ARES T, B REREE R KT E&RA T C—
CHEMN B IRAE, P BB 2RA, 54
A e T R S R A A R A AR o R
TN RS T B TFER A B, SR T A
[ B, 25 o AR BT SR K R v, X s A
EHR GRS Y S S RA ST AR TSR
BNV ey 28],

500 .
@y ] 20000
— S

100

wn n
= =
Z E
. 400 } -
4 415000 &
[} <
= =
£ 300} z
2 4110000 £
(0] Q
- -
g =
= 200} =
8 . 8
£ 573 575 15000 2
2 q 2
5 £
e} o
= =
- =

(0 L L L L L L L L
500 550 600 650 700 750 800 850 900 950
Wavelength /nm

BT AERVRIBAETS PLOGIE
Fig. 7. PL spectra of diamond single cyrstals before and

after irradiation.
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Fig. 8. (a) Test schematic diagram; (b) fluorescence Mapping; (c) ODMR curves at different microwave powers; (d) ODMR curve

after applying a biased magnetic field; (e) Rabi oscillation curve; (f) longitudinal relaxation time.
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Abstract

Diamond nitrogen vacancy (NV) color centers have good stability at room temperature and long electron
spin coherence time, and can be manipulated by lasers and microwaves, thereby becoming the most promising
structure in the field of quantum detection. Within a certain range, the higher the concentration of NV color
centers, the higher the sensitivity of detecting physical quantities is. Therefore, it is necessary to dope sufficient
nitrogen atoms into diamond single crystals to form high-concentration NV color centers. In this study,
diamond single crystals with different nitrogen content are prepared by microwave plasma chemical vapor
deposition (MPCVD) to construct high-concentration NV color centers. By doping different amounts of nitrogen
atoms into the precursor gas, many problems encountered during long-time growth of diamond single crystals
under high nitrogen conditions are solved. Diamond single crystals with nitrogen content of about 0.205, 5, 8,
11, 15, 36, and 54 ppm (1 ppm = 10°%) are prepared. As the nitrogen content increases, the width of the step
flow on the surface of the diamond single crystal gradually widens, eventually the step flow gradually disappears
and the surface becomes smooth. Under the experimental conditions in this study, it is preliminarily determined
that the average ratio of the nitrogen content in the precursor gas to the nitrogen atom content introduced into
the diamond single crystal lattice is about 11. Fourier transform infrared spectroscopy shows that as the
nitrogen content inside the CVD diamond single crystal increases, the density of vacancy defects also increases.
Therefore, the color of CVD high nitrogen diamond single crystals ranges from light brown to brownish black.
Compared with HPHT diamond single crystal, the CVD high nitrogen diamond single crystal has a weak
intensity of absorption peak at 1130 cm™ and no absorption peak at 1280 cm™'. Three obvious nitrogen-related
absorption peaks at 1371, 1353, and 1332 cm ! of the CVD diamond single crystal are displayed. Nitrogen atoms
mainly exist in the form of aggregated nitrogen and single substitutional N* in diamond single crystals, rather
than in the form of C-defect. The PL spectrum results show that defects such as vacancies inside the diamond
single crystal with nitrogen content of 54 ppm are significantly increased after electron irradiation, leading to a
remarkable increase in the concentration of NV color centers. The magnetic detection performance of the NV
color center material after irradiation is verified, and the fluorescence intensity is uniformly distributed in the
sample surface. The diamond single crystal with nitrogen content of 54 ppm has good microwave spin
manipulation, and its longitudinal relaxation time is about 3.37 ms.

Keywords: diamond single crystal, high content of nitrogen, nitrogen vacancy color center, Fourier transform

infrared spectrum, magnetic detection
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