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*1 ERIAEMSE (1 scem = 1 mL/min, 1 Torr ~ 133.322 Pa)

Table 1. Synthetic parameters of diamond.
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Fig. 1. SIMS data of nitrogen impurities in low nitrogen

diamond.
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Fig. 2. Optical photograph of low nitrogen diamond.

I 385 9 H - b S X R A WA { 100} 47y 1T
HATHL 4R IR, R B T RE 58 200 keV |, f5 R
B FIEN 5 x 109 eem?, JFFE 900 C ik
2 h. TEM AR WK K 532 nm . BLR TR N 1% FIik
BER 7T K A5 T RIS 12500 f - BT BB K
J5 B8 PL G, anlEl 3 Fras. K 3 mTRLE B,

127802-2


http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1

¥ 1B ¥ Acta Phys. Sin.

Vol. 69, No. 12 (2020)

127802

HIEHT, PL G B THi 21§ (Raman) 4b, IB7E
1.945 eV (NV') 5 2.155 eV (NVO) AbF7 75 #5 (1)
T, B NV B &6, BFiEIEJE, PLOE
PRI T 1.673 eV EH T, T LAY
PERLANIBIR Y, LW PICIE GRL @0 19, [,
PL OGS NV S & S, B & 6o i Rk
f 10148 CPS (NV) 55 7165 CPS (NV?) 4 51
k% 4325 CPS 5 3214 CPS (counts per second),
X 2 H A R AR I ARAE [ B 5 NV B R Y
2SR A E AT R 1. 900 °C B K JE, PL G
H GRI a0 IH %, 11 NV (U0 as, B BT =
13078 CPS (NV) 5 7250 CPS (NV9). 3CHik [15]
% 1 4 NI ] B — 7 500 °C 2 R SEAT LA
H AR, s w2 2 /07 650 C LI LA fE
MBS, Hith, A S0 50 rh i 4R ™ A 2S48
900 °C iR KJ5 7T H gl 2 2 B AU T AR 1P
NV G, #15 NV {0858, X5 Capelli 46 5
Shames %5 [0 {2 3E (45 KA, BIR IS4 U5 R
KB TR NV @0 R B . Bogdanov 45 17
W L, TEAIRAEENIA T NV i 5 H ik
JEROE R B, HWE ST 9.0 x 10'7 cm? B
NV (0058 B T AR5 . B, X FA SR R AR
RN, 55 IR AL AT IR R NV @0
YR, XA UM A G WA 2ot R KA 3 5 A
AR TA ST NV (00 I R

42000 [ (a) Raman(2.164 eV)
NV-(1.945 V)
;% 28000 - le NVO(2.155 eV)\
= 14000 | A_JL ~N
0

42000 [ (b) GR1(1.673 eV)
Raman(2.164 eV)
28000 / NV-(1.945 v)
14000 L NVO(2.155 eV)
0 \

42000 [ (c)
28000
14000 |

0
1.6

R
Y

Raman(2.164 V)
NV~ (1.945 V)

R

l NV0(2.155 eV)

N
S

A3 ASRAKEEPLGRE  (a) 57T (b) 568
J&is (c) 900 C iR K

Fig. 3. Low temperature PL spectra of low nitrogen dia-
mond: (a) Before irradiation; (b) after irradiation; (c) 900 °C

annealing.
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Fig. 4. Low temperature PL spectra of low nitrogen dia-
mond at different laser powers after irradiation and anneal-

ing (The maximum laser power is 50 mW (100%)).
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Fig. 5. PL spectra of low nitrogen diamond at 80-200 K

after irradiation and annealing.
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Fig. 6. Variation curves of zero phonon lines with measure-

ment temperature: (a) Position; (b) intensity; (c) full width

at half maximum.
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Fig. 7. Voigt curve fitting of PL spectra at different temperatures: (a) 1.945 eV; (b) 2.155 eV.
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Fig. 8. Temperature dependence of Gaussian width and Lorentzian width derived from the deconvolution routine for the NV center:

(a) NV 5 (b) NVO.
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Abstract

Diamond, a wide band gap semiconductor material, has been attracting interest in several fields from
electrics and optics to biomedicine and quantum computing due to its outstanding properties. These properties
of diamond are related to its unique lattice and optically active defect centers. In this paper, the dependence of
nitrogen-vacancy (NV) center on measurement temperature is studied by wusing the low-temperature
photoluminescence (PL) spectroscopy in a temperature range of 80-200 K. The results show that with the
increase of the measurement temperature, the zero phonon lines of NV defects are red-shifted, its intensity
decreases and its full width at half maximum increases. These results are attributed to the synergetic process of
the lattice expansion and quadratic electron-phonon coupling. The NV and NV? centers have similar values in
the quenching activation energy and the thermal softening coefficient, resulting from their similar structures.
The small differences may be associated with the electron-phonon coupling. The broadening mechanism of the
NV centers is carefully distinguished by 7%, T°, T7 Voigt function fitting with the relation. These results show
that the full width at half maximum of the Gaussian component of NV~ and NV’ centers are randomly
distributed near 0.1 meV and 2.1 meV, respectively, while the full width at half maximum of the Lorentz
component of NV and NVO centers increase with measurement temperature increasing. The full width at half
maximum of Lorentz of NV and NV centers conform to the 73 relationship. It can be proved that under the
action of the fluctuating field, the zero phonon lines of the NV defects exhibit an obvious homogeneous

widening mechanism.
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