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Table 1. Summary of the growth parameters.
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Fig. 1. (a) SiV photoluminescence spectra of diamond samples, the scale range on the vertical axis is 0-20 for linear coordinates, and

20 -500 for logarithmic coordinate; (b) photoluminescence spectra of diamond samples grown on molybdenum substrate under

sample S1 growth condition; (c) ratio of SiV fluorescence peak to diamond intrinsic peak of sample; (d) growth rate of samples.

BERZ. ARSI AR S ERA
LR R 2 (6 (o0 1) RGBT A SR 23 B
AR 4 WA g ik 2 67 €800 P 2 i B

T TR A R R A I, A A
B 4% 4 W 9 7 AR K T 0 1 Sk 2,18 pm/h,
3.95 um/h, 0.62 pm/h, 3.79 um/h 1 3.62 um/h
(I 1(d)). S2 &:MIlA AR K AP, 0 S3 2.
FEA S2 A Kk BBt T AR, B i
1o P A R R R ik s o KGR, X R D AR
AT DA R 4 WA 10 A K R 28 S 3 2 (1 2s fo
e, HIL S A ELrEEFRASNIG Y, BEY
T RUREZS A0, BESh S3 &5 RNIR I RAS S
il G WA A R B TR, TR R s 67 e ok
5o B A REAIG . BRI S0 SRR A SRR RE 5 S4 R S
1) 4 W A A R T ISR B R A ST,
ROERE A ST Ay 28 A 00 3 —fh 5 B He s T4
fib S4 1S5, 33 156 4 ML AR A A= 1 R I AN 2

SEMAV RS AN (80 R B 1) 32 i A

N T BT R WA R S A
0 I8 B 2 I, 6 4 WA AR AT SEM 3R T
AL (F 2(al)—(ab)), FrLARESS i o0 &
LR 738 nm Sy HLO AR S EAT T PL E i
fili (8] 2(b1)—(b5), H 5 FH 5 B i fip il 5 i
(CCD) SKid st —~ S BT 5t BLR KL,
1M 58 B3 MR B9 22361l cts B counts, £ AEA
S BRI A5 B R BB, DX 4564 T
W AR B )5S ) il PL YRS (K 3). X
Pl 2 254 i 1 2 T B 00 RN Ak 2 A6 €00 i DY B 1)
A, AR SRS A=A m T 4N
A b R R SR R TR B PU R, E—205m T
S A (L0 ROGIR B . AW SRR ST JR S 4 M
A RE A 0 KOG R FE B R AR S3,
S5, S4 FkEA ST FFEIFES S2, Ak RSTHE K, &
REE TR, X5 Sedov AT BA BT FY 45 S A — 2 29,

038102-3


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

Y B ¥ R Acta Phys. Sin.

Vol. 72, No. 3 (2023)

038102

1.0x 106
CCD cts

1.5x10°

500 nm

500 nm

500 nm

2.1x106
CCD cts

1.2x10°

500 nm CCD cts

8.8 x10°
CCD cts

1.7x10°

p00 nmy CCD cts

8300
CCD cts

2 (al)—(ab) AR AR ARG MM MR EIZ A (b1)—(b5) LA 738 nm (fif 23 (1 %75 128 ) S i 59 PL 2R 494 K
255 (ME R 10 pmx 10 pm, WX K 100 nm), H o (al), (b1) S1; (a2), (b2) S2; (a3), (b3) S3; (ad), (bd) S4; (a5), (b5) SH

Fig. 2. Morphology (al)—(a5) and SiV photoluminescence mapping (b1)-(b5) of diamond film under different growth conditions, the
test range of the latter is 10 pmx10 pm, and the test step is 100 nm: (al), (b1) S1; (a2), (b2) S2; (a3), (b3) S3; (ad), (b4) S4; (ab),

(b5) S5.
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Fig. 3. SiV photoluminescence mapping in the vertical direction of diamond film under different growth conditions, the depth range

of the test was +£4 pum, the length was 12 pm, and the scanning step was 100 nm: (a) S2; (b) S5.
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Fig. 4. (a) Raman spectra of diamond film under different growth conditions; (b) magnified Raman spectra of sample S3.
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Fig. 5. Test zone of sample S3 mapping: (a) The scanning test area of the sample surface is the 10 pmx10 pm area shown in the red
box, and the test step is 100 nm; (b) Raman mapping centered on 1332 cm!; (¢) PL mapping centered on 738 nm; (d) Raman map-
ping centered on 520.7 cm™!. The arrows indicate the positions of several grains in each diagram, from the spectrum, the grains in-
dicated by the white arrows have no silicon simple substance signal, while the grains indicated by the green arrows have both silic-

on simple substance signal and silicon vacancy color center signal.
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Abstract

Diamond silicon vacancy centers (SiV centers) have important application prospects in quantum
information technology and biomarkers. In this work, the formation mechanism and regulation method of SiV
center during the growth of polycrystalline diamond on silicon substrate are studied. By changing the ratio of
nitrogen content to oxygen content in the growing atmosphere of diamond, the photoluminescence intensity of
SiV center can be controlled effectively, and polycrystalline diamond samples with the ratios of SiV center
photoluminescence peak to diamond intrinsic peak as high as 334.46 and as low as 1.48 are prepared. It is found
that nitrogen promotes the formation of SiV center in the growth process, and the inhibition of oxygen. The
surface morphology and photoluminescence spectrum for each of these samples show that the photoluminescence
peak intensity of SiV center is positively correlated with the grain size of diamond, and the SiV center’s
photoluminescence peak in the diamond film with obvious preferred orientation of crystal plane is higher. The
distribution of Si centers and SiV centers on the surface of polycrystalline diamond are further characterized
and analyzed by photoluminescence, Raman surface scanning and depth scanning spectroscopy. It is found that
during the growth of polycrystalline diamond, the substrate silicon diffuses first into the diamond grain and
then into the crystal structure to form the SiV center. This paper provides a theoretical basis for the

development and application of SiV centers in diamond.
Keywords: diamond, silicon vacancy center, photoluminescence, Raman spectroscopy
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