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Pressure is one of the necessary conditions for diamond growth. Exploring the influence of pressure on growth changes
in silicon-doped diamonds is of great value for the production of high-quality diamonds. This work reports the morphology,
impurity content and crystal quality characteristics of silicon-doped diamond crystals synthesized under different pressures.
Fourier transform infrared spectroscopy shows that with the increase of pressure, the nitrogen content in the C- center inside
the diamond crystal decreases. X-ray photoelectron spectroscopy test results show the presence of silicon in the diamond
crystals synthesized by adding silicon powder. Raman spectroscopy data shows that the increase in pressure in the Fe–Ni–
C–Si system shifts the Raman peak of diamonds from 1331.18 cm−1 to 1331.25 cm−1, resulting in a decrease in internal
stress in the crystal. The half-peak width decreased from 5.41 cm−1 to 5.26 cm−1, and the crystallinity of the silicon-doped
diamond crystals improved, resulting in improved quality. This work provides valuable data that can provide a reference
for the synthesis of high-quality silicon-doped diamonds.

Keywords: silicon-doped diamond, crystal quality, pressure effect, nitrogen content

PACS: 81.05.ug, 61.50.–f, 81.40.Vw, 91.62.La DOI: 10.1088/1674-1056/acf03d

1. Introduction
The establishment of mantle depth mineralogy is an im-

portant part of solid earth science and mantle dynamics. Ac-
cording to the available literature, the growth pressures for nat-
ural diamonds range from 5.5 GPa to 8.0 GPa, and the growth
temperatures range from 1000 ∘C to 1400 ∘C.[1,2] Formed be-
tween 2.4 billion and 3.3 billion years ago, diamonds serve as
important tools for exploring the mineral composition of the
Earth’s solid interior. They offer a unique way to obtain the
deepest complete material from within the Earth.[3]

The Earth is not a uniform sphere, and there are differ-
ences in the proportion of material elements at different depths
and positions.[4] Each material element in a natural diamond-
formation environment underground will have an impact on
the growth and nucleation of diamonds causing significant dif-
ferences between diamond inclusions. For example, Han et al.
explored crystal morphology as well as inclusion content at
different temperatures.[5] With respect to the manufacture of
synthetic diamonds, some inclusions have been used as raw
materials in the manufacturing process.[6–8] Researchers have
experimentally established different diamond growth models
using the main elements of the inclusions.[9–12] By adjusting
the pressure in the different models used to synthesize syn-
thetic diamonds in order to simulate the growth of natural dia-
monds in the mantle, researchers can speculate on the depth of
the growth environment of natural diamonds.[13] This can pro-

vide a valuable reference for determining the growth mech-
anism of natural diamonds and hence determining potential
substances at different depths in the Earth’s mantle.

The complete sp3 structure diamond has many extraordi-
nary characteristics and has fascinating applications in various
fields.[14] Applications of diamonds are concentrated in three
main areas, jewelry, mechanical engineering and electronics.
In relation to jewelry, gemmologists are particularly interested
in the origin, crystal growth and color of natural diamonds.
For example, Qin et al. explored the effect of crystal seed size
on the growth of single diamond crystals.[15] Wang et al. ex-
perimentally realized the shape-limited growth of large single
type Ib diamond crystals.[16] The problem of cracked crystals
can also be suppressed to a large extent by using a slow cool-
ing process.[17] Guo et al. explored the synthesis of single type
IIa diamond crystals by using Ti/Cu as a nitrogen absorber.[18]

In mechanical engineering, the hardness and toughness of dia-
monds have been harnessed to make significant advancements
in industrial processes. In the field of electronics, the ther-
mal and semiconductor properties of diamonds have impor-
tant value. The BN crystal form with graphite-diamond hybrid
structure has excellent mechanical properties, as well as high
ductility and hardness characteristics.[19] The electrical con-
ductivity of boron and sulfur synergistically doped diamonds
under high temperature and pressure has been reported.[20]

The regulation of the growth quality and wetting performance
of polycrystalline diamond films provides a reference for the
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practical application of diamond-based devices.[21] Currently,
the color centers in diamonds play a significant role in the field
of quantum communication. Cai et al. proved that regula-
tion of the N–H–O impurity levels within the synthesis sys-
tem can control the type of defect centers present in diamond
crystals.[22] Sheng et al. expanded Ge–V diamond applica-
tions by finding methods to improve the luminescence perfor-
mance of Ge–V color centers.[23] Si–V centers in diamonds
are considered as possible single-photon sources. However,
the creation of single-photon emitters has strict requirements
in terms of the quality of the diamond crystal structure. Dia-
mond structure quality can be estimated based on the width of
Raman scattered light of 1332.00 cm−1, as the presence of de-
fects can lead to asymmetric widening of this line.[24] In addi-
tion, oxygen-related Si–V defects can preferentially improve
the material properties of synthetic diamonds.[25] Increasing
pressure reduces the effect of dopants on catalyst poisoning,
which contributes to the growth of high-quality diamond sin-
gle crystals. This provides ideas for the improved synthesis of
high-quality silicon-doped diamonds.

In this study an Fe–Ni alloy is selected as the catalyst used
to synthesize silicon-doped diamonds. The effects of pressure
changes on the crystallization process, impurity content and
crystal quality of silicon-doped diamond in Fe–Ni–C and Fe–
Ni–C–Si systems are then investigated. It is hoped that the
results from this study will provide improved information to
support researchers exploring the quality and N content of di-
amonds at different depths in the Earth’s mantle.

2. Experimental details
This study used a domestically produced large-capacity

cubic high-pressure device (SPD-6× 1200) to conduct high-
pressure and high-temperature (HPHT) synthesis experiments
on diamond crystals. The pressure range used was 5.8 GPa–
6.8 GPa. The temperature range was 1600 K–1700 K. A
schematic diagram of the HPHT equipment and the exper-
imental device used for synthesizing diamonds is shown in
Fig. 1. A {111} high-quality industrial grade diamond with
a size of 1 mm was selected as the seed growth surface, along
with high-purity flake graphite (purity of 99.99 wt.%) as the
carbon source, Fe/Ni (80/20, mass ratio) as the catalyst sol-
vent and Si powder (purity of 99.99 wt.%) as the additive. The
high-purity graphite powder and Si powder were mixed evenly
by weight in a mixer, and then pressed into a columnar car-
bon source for storage and backup. Variations in the quality
and properties of the synthesized diamonds were investigated
by regulating the pressure during synthesis. The pressure of
the diamond synthesis experiment was calibrated using an oil
pressure calibration curve established using the pressure inside
the synthesis chamber and the high-pressure phase transition
points of Bi, Tl and Ba. The temperature inside the chamber
was estimated based on a relationship between input power

and temperature measured by Pt 30% Rh/Pt 6% thermocou-
ples. The measurement errors of both pressure and tempera-
ture in the synthesis system were each less than 1%.[6,26,27]

Fig. 1. Schematic diagram of the experimental system used to synthesize
diamond in an HPHT environment: (a) an alloy hammer and sample cell;
(b) schematic of the diamond growth cell: (1) steel cap; (2) pyrophyllite
container; (3) dolomite container; (4) diamond sample; (5) NaCl + ZrO2
sleeve; (6) graphite sheet; (7) Cu sheet; (8) graphite heater; (9) carbon
source; (10) seed crystal; (11) ZrO2 +MgO pillar.

At the end of the HPHT synthesis experiment, the sam-
ples were placed in a mixed solution of concentrated H2SO4

and concentrated HNO3 (3:1 by volume) and boiled, with the
aim of removing metal catalysts and graphite impurities from
the crystal surface. Before testing, the synthesized diamond
sample was placed in anhydrous ethanol for ultrasonic clean-
ing to remove small adsorbents from the crystal surface. The
crystal morphology was observed using optical and scanning
electron microscopy, and crystal photographs were taken un-
der the same exposure conditions. The crystal in this study
mainly exhibited a {111} crystal plane, so a VERTE 70 V
Fourier transform microscopic infrared (FTIR) spectrometer
was used to measure the infrared spectrum on the {111} crys-
tal plane. The spectral resolution was greater than 0.4 cm−1

and the data collection range was 800 cm−1–4000 cm−1. The
Renishaw inVia Raman spectrometer was used to measure the
Raman spectrum of the crystal’s {111} plane. The peak po-
sition error was controlled within 0.1 cm−1 and the spectral
resolution was 1 cm−1.

3. Results and discussion
3.1. Diamond growth morphology

In order to investigate the effect of pressure on the mor-
phology of diamond growth, this experiment regulated the
pressure used to synthesize diamond crystals and then an-
alyzed and characterized the resulting crystals. Figure 2
presents an optical photo of a synthesized diamond from the
Fe–Ni–C and the Fe–Ni–C–Si synthesis systems. Table 1 sum-
marizes information such as pressure and temperature condi-
tions and Si additive content in the carbon source and crystal.

Figures 2(a)–2(f) correspond to samples D-1–D-6 in Ta-
ble 1, respectively. The experimental results show that all
crystals had hexagonal octahedra with {111} crystal planes.
In both synthesis systems, increased pressure caused the color
of the synthesized crystals to gradually become lighter. Free
N atoms inside a type Ib diamond can affect the color of the
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crystal. When the color inside the crystal gradually changes
from dark green to green, light green, yellow and light yellow,
this indicates that the content of free N in the crystal has grad-

ually decreased.[28] Estimated values of N content of the syn-
thesized crystals are summarized in Table 1, and these results
were also confirmed by subsequent FTIR characterization.

Table 1. Details of the experimental parameters used to synthesize diamond crystals in the Fe–Ni–C and the Fe–Ni–C–Si synthesis systems.

Run Pressure (GPa) Temperature (K) Si (wt.%) Growth time (h) Growth face Color N content (ppm)

D-1 5.8 1600 0 12 {111} yellow 279
D-2 6.3 1600 0 12 {111} yellow 254
D-3 6.8 1600 0 12 {111} yellow 241
D-4 5.8 1700 10 12 {111} light yellow 68
D-5 6.3 1700 10 12 {111} light yellow 59
D-6 6.8 1700 10 12 {111} light yellow 51

1 mm

1 mm 1 mm 1 mm

1 mm 1 mm

Fig. 2. Optical photos of diamond crystals synthesized in different exper-
imental synthesis systems: (a) D-1; (b) D-2; (c) D-3; (d) D-4; (e) D-5; (f)
D-6. See Table 1 for all associated experimental parameters.

In order to better observe and analyze the morphologi-
cal characteristics of the synthesized diamond crystals under
the different synthesis systems and pressures, scanning elec-
tron microscopy was used (Fig. 3). Under traditional HPHT
diamond synthesis conditions (i.e., D-1), the diamond was not
hindered or interfered with during the growth process. With
the increase of pressure, the crystal surface gradually became
complete and smooth, and high-quality crystals were synthe-
sized. When Si powder was doped into the synthesis system
(i.e., D-4), the crystal surface tended to be incomplete and
the growth layer became rough. At the same time, a stepped
morphology of the crystal surface was observed, with a large
number of flaky defects appearing, but all these flaky defects
were uniformly oriented in the same direction. This is due to
a step-like growth trace left by the high-concentration doped
diamond during the growth process, resulting in poor diamond
crystal quality. The experiments show that when Si impu-
rities are doped during the crystal synthesis process, Si and
C in the lattice combine to form Si–C bonds, changing the
length of C–C bonds and damaging the sp3 diamond struc-
ture. This will hinder the normal epitaxial growth of the crys-
tal plane, causing defects such as step-growth layers to form
on the {111} plane, changing the growth characteristics of the
diamond crystals, and ultimately preventing the growth and
development of intact diamonds. However, there are many fac-
tors that can lead to changes in crystal morphology and further
research is needed to clarify their mechanisms. At the same
time, it can be observed from the results presented here that

when the pressure increased from 5.8 GPa (D-4) to 6.8 GPa
(D-6), the growth texture and defects on the crystal surface
were significantly reduced, the growth layer gradually became
smooth and the surface roughness of the crystal was greatly
reduced. Hence the experiments demonstrate that increasing
pressure can have a positive effect on the quality of silicon-
doped synthetic diamonds.

Fig. 3. Scanning electron microscopy images of diamond crystals syn-
thesized under different pressures in different synthesis systems: (a) D-1;
(b) D-2; (c) D-3; (d) D-4; (e) D-5; (f) D-6. See Table 1 for all associated
experimental parameters.

3.2. FTIR characterization

Infrared spectroscopy plays a crucial role in the identifica-
tion and analysis of diamond crystals, effectively identifying
the types of defects and impurity elements inside diamonds,
such as N, H, B, etc. Infrared spectroscopy can determine
the form and content of N present inside diamond crystal. In
the infrared spectrum, 1970 cm−1, 2030 cm−1 and 2160 cm−1

are the characteristic peaks of diamond, representing the ab-
sorption peaks of the C–C bonds.[29] In addition, 1130 cm−1

and 1344 cm−1 correspond to the characteristic peaks of C-
center N in the monophonon region,[30] and the peak absorp-
tion intensity represents the C-center N content in diamonds.
In order to understand the effect of pressure on N content in
crystals, this study obtained infrared absorption spectra of di-
amond samples at room temperature (Fig. 4). It can be seen
that when the pressure was increased from 5.8 GPa to 6.8 GPa
in the different synthesis systems, the absorption intensities of
the 1130 cm−1 and 1344 cm−1 peaks tended to decrease.

The following equations were used to describe the con-
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centration of N impurities in the synthesized diamond crystals:

NC (ppm) =
µ
(
1130 cm−1

)
µ(2120 cm−1)

×5.5×25,

µ(1130 cm−1) =
[
A
(
1290 cm−1)−A

(
1370 cm−1)]/0.31,

µ(2120 cm−1) =

[[
40 ·A

(
2030 cm−1

)
+87 ·A

(
2160 cm−1)]

127

−A
(
2120 cm−1)],

where NC (ppm) represents the N concentration at the C-center
inside a crystal and µ and A represent the correction coefficient
and the absorption intensity, respectively.[31–33] The nitrogen
concentration content of the diamond crystals synthesized un-
der different synthesis systems was calculated using the above
equations. The results are summarized in Table 1. In the Fe–
Ni–C system, as the pressure increased from 5.8 GPa (D-1)
to 6.8 GPa (D-3), the N content in the synthesized diamond
decreased from 279 ppm to 241 ppm. In the Fe–Ni–C–Si sys-
tem, the N content inside the silicon-doped diamond lattice
decreased from 68 ppm (D-4) to 51 ppm (D-6). When the syn-
thesis pressure increased, the N content in the diamond crystal
decreased.
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Fig. 4. FTIR spectra of diamond crystals synthesized under different
pressures in different synthesis systems. See Table 1 for all associated
experimental parameters.

Hence, the experimental results show that an increase
in pressure can inhibit the entry of N into synthesized dia-
mond crystal. Changes in pressure can have an impact on
the performance of a catalyst in a synthesis system. Increas-
ing pressure can increase the interaction between FeNi alloy
and N atoms, thereby reducing the content of N atoms en-
tering the lattice and directly affecting the N content inside
diamond.[27,34] In addition, during HPHT experiments, doping
is one of the methods that may be used to change the N con-
tent in diamonds. Si and N elements enter the diamond lattice
together, forming Si–N bonds, resulting in a decrease in the
N content of the lattice, and this was confirmed by the x-ray
photoelectron spectroscopy (XPS) characterization. In sum-
mary, the influence of pressure on the N content of synthetic
diamonds is caused by multiple factors and needs further ex-
ploration.

3.3. XRD characterization

In this experiment, a typical synthesized carbon source
block (D-6. 10.0 wt.% Si) was characterized using an x-ray
diffractometer, and the phase composition characteristics of
the Fe–Ni–C–Si system were obtained, as shown in Fig. 5.
In addition to diamond, graphite, Fe/Ni alloys and iron car-
bide, which are common in the metal–C system, SiC (PDF
04-0756), SiO2 (PDF 82-1410) and Si3N4 (PDF 33-1160) are
present in the carbon source block. The nitrogen content in
the synthesized system is relatively certain, and there are two
reasons why silicon doping reduces the nitrogen content of the
diamond lattice. On the one hand, when the additive silicon
reaches the low-temperature end of the crystal seed from the
high-temperature end of the carbon source, the nitrogen atoms
react with the Si in the molten Fe/Ni metal catalyst to form
Si3N4, resulting in a decrease in the amount of nitrogen enter-
ing into the diamond. On the other hand, some of the nitrogen
atoms enter into the diamond lattice in the form of bonding,
and the bonding of N with Si leads to a decrease in the nitro-
gen content of the diamond lattice.

In
te

n
si

ty

D-6 (CSi=10.0 wt.%)

20 30 40 50 60 70 80
2θ (Ο)

Fig. 5. XRD spectrum of 10.0 wt.% typical carbon source block (D-6) in
the Fe–Ni–C–Si system.
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3.4. XPS characterization

XPS can be used to characterize the chemical state, va-
lence state, composition and relative content of atoms in dia-
mond. This study used XPS to analyze the chemical states of
C and Si atoms in experimentally synthesized diamond crys-
tals. Figure 6 presents XPS spectra from the diamond crys-
tal synthesized from a 10% Si source at 6.8 GPa pressure (D-
6). After artificially crushing the sample, ultrasonic treatment
was performed to remove impurities from the diamond surface
and reduce experimental errors, and the analysis then aimed to
characterize the crystal cross-section. Figures 6(a)–6(c) show
the high-resolution XPS spectra of C 1s, N 1s and Si 2p, re-
spectively. The four peaks obtained through peak-fitting in the
high-resolution C 1s spectrum (Fig. 6(a)), correspond to sp3–
C, sp2–C, C=O and C–Si bonds, respectively.[35] By fitting the
resolution N 1s spectrum depicted in Fig. 5(b). the three peaks
can be assigned to N–C, N–O and N–Si bonds (Fig. 6(b)).[36]

The three peaks described in the high-resolution Si 2p spec-
trogram (Fig. 6(c)) correspond to Si–C, Si–N and Si–O bonds,
respectively.[37] These results suggest that Si successfully en-
tered the diamond lattice, and it can be seen that both Si and
N atoms existed in the diamond. The bonding between Si and
N in the lattice led to a decrease in N concentration.

3.5. Raman characterization

Raman spectroscopy can play a significant role in identi-
fying C–C bond types in diamonds (such as graphite formed
by sp2 hybridization and diamond formed by sp3 hybridiza-
tion), as well as in natural diamond inclusions.[38] Raman
spectroscopy curves can also reflect the internal structural
changes of diamond crystals and distinguish the quality of
diamond crystals. Raman spectroscopy has been widely
used by researchers due to its non-destructive identification
characteristics.[39] Figure 7(a) presents the Raman spectra
of the diamonds synthesized under different synthesis sys-
tems and pressures, while figure 7(b) presents magnified im-
ages of the spectral data in the range of 1200.00 cm−1–
1500.00 cm−1. The figure shows a strong and narrow charac-
teristic peak in the Raman spectrum curve near 1332.00 cm−1.
Diamonds synthesized in different systems have high-quality
sp3 structures, without any sp2 structures related to graphite
(1580.00 cm−1).[40] In order to better understand the shift of
Raman peak positions, Gaussian fitting was performed on the
data in this experiment. It was found that the Raman spectral
peaks of Si-doped diamond crystals were straight without any
excess peaks, but an increase in pressure would cause a slight
shift in Raman peak positions.
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Fig. 6. The XPS spectra of a diamond crystal synthesized from a 10% Si source at 6.8 GPa pressure (D-6). (a) C 1s. (b) N 1s. (c) Si 2p.
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Fig. 7. (a) Raman spectra of diamond crystals synthesized under different pressures in different systems. (b) Magnified map of Raman spectral
data within the range of 1200.00 cm−1–1500.00 cm−1. See Table 1 for all associated experimental parameters.

In order to observe the Raman peak position and

halfwidth changes more clearly, figures 8(a) and 8(b) present

the Raman peak position and halfwidth spectra of diamond

crystals synthesized under different pressure conditions in the

Fe–Ni–C (D-1–D-3) and Fe–Ni–C–Si (D-4–D-6) systems, re-

spectively. When the FeNi catalytic system was not doped,
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the effect of pressure on crystal quality was not significant.
In the Fe–Ni–C–Si system, as the synthesis pressure in-
creased, the Raman spectrum peak shifted from 1331.18 cm−1

to 1331.25 cm−1, and the half-peak width decreased from
5.41 cm−1 to 5.26 cm−1. Increasing the pressure in the dop-
ing system will reduce the internal stress of the crystal and
increase the crystallinity of the diamond crystal. This suggests
that with the increase of pressure, the quality of synthesized
diamond crystals improves.
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Fig. 8. Changes in Raman peak position and full-width at half-peak of
synthesized diamond crystals under different pressure conditions. (a) Fe–
Ni–C system. (b) Fe–Ni–C–Si system.

In order to calculate the surface residual stress of the di-
amond crystals synthesized in the Fe–Ni–C–Si system under
different pressures, the following equation was used:[41]

σh (GPa) =
[
γ0 − γ

(
cm−1)]/2.88.

Here, the calculated positive stress corresponds to the residual
tensile stress on the crystal surface as shown in Table 2. As the
pressure in the Fe–Ni–C–Si system increased from 5.8 GPa
to 6.8 GPa, the residual tensile stress on the crystal surface
also decreased from 0.28 GPa to 0.26 GPa. The residual stress
on the surface of synthesized diamond is also influenced by
the synthesis conditions. As the pressure increased, the resid-
ual stress gradually decreased and the crystal quality gradually
improved.

Table 2. Raman shift and stress of diamond crystals synthesized under
different pressure conditions in the Fe–Ni–C–Si system.

Run Pressure (GPa) Raman shift (cm−1) ∆γ (cm−1) Stress (GPa)

D-4 5.8 1331.18 0.82 0.28
D-5 6.3 1331.22 0.78 0.27
D-6 6.8 1331.25 0.75 0.26

3.6. Crystal growth process

Exploring the impact of pressure on diamond growth
changes provides a valuable reference for understanding the
growth mechanisms of different types of natural diamonds and
the composition of materials at different mantle depths. The
experiments reported here were used to construct a conceptual
picture of diamond growth in the Fe–Ni–C–Si system under
HPHT conditions (Fig. 9). When the pressure and tempera-
ture in the synthesis chamber resulted in the minimum dia-
mond growth conditions, the temperature at the carbon source
was higher than that at the diamond seed. The concentration
difference of the different elements between the carbon source
and the crystal seed position brought about by the tempera-
ture difference was the driving force for forming the diamond
and other related products. At this point, the metal catalyst in
the molten state served as the reaction site and transport chan-
nel for different elements. In the synthesis system, driven by
the temperature difference, carbon elements passed through
the FeNi catalyst from the carbon source and reached the sur-
face of the seed crystal. The solubility of carbon in the low-
temperature region will have resulted in deposition on the sur-
face of the seed crystal in the form of diamond. With time,
the silicon-doped diamond increased in size. The elements
such as N, Si and O in the synthesis system also arrived at the
diamond surface in a similar diffusion transport manner and
entered the diamond crystal in the form of C–N, C–O, C–Si
and N–Si bonds. The bonding between Si and N in the lattice
led to a decrease in the N content of the diamond. At the same
time, as the experimental synthesis pressure increased, the in-
teraction between the FeNi metal solvent and N increased, and
the number of N atoms dissolved in the FeNi metal catalyst in-
creased, resulting in a decrease in the N content of the lattice.
This conclusion was confirmed by the FTIR results. In addi-
tion, the decrease in the half-peak width of the Raman spectra
also suggests that the increase in synthesis pressure in the sys-
tem improved the quality of the diamond crystals.

Fig. 9. Schematic diagram of the conceptual diamond crystal growth pro-
cess as observed in the Fe–Ni–C–Si system.
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4. Conclusion
In this study, diamond crystals were experimentally

grown using an FeNi catalyst under different pressure condi-
tions in Fe–Ni–C and Fe–Ni–C–Si systems, and the N con-
tent and quality changes of the resulting synthesized diamond
crystals were studied. Diamond growth exhibited the charac-
teristics of layered growth. When Si powder was added to the
synthesis system, the crystal growth rate slowed down and the
crystal color transitioned from yellow to light yellow. When
the synthesis pressure increased, the crystal growth texture de-
creased and the surface roughness of the crystal decreased. In
the Fe–Ni–C–Si synthesis system, the N content was relatively
constant. When the synthesis pressure increased, if the N con-
tent in the crystal decreased, the N content in other media,
such as in the metal solvents, increased. Infrared spectroscopy
confirmed that the introduction of Si during the synthesis of
diamond crystals reduced the N content in the C-center of the
diamond, and the ability of the FeNi catalyst to dissolve N
also changed with increasing pressure. A portion of the N
atoms dissolved in the molten FeNi alloy, and the combined
effect of the two led to a decrease in the N content of the dia-
mond lattice. Raman spectral analysis results showed that, in
the Fe–Ni–C–Si system, Si atoms entered the diamond lattice,
increasing the internal stress of the crystal and causing defects
in the crystal, affecting the crystallinity and quality of the di-
amond crystal. Increasing the pressure during the synthesis
phase improved the quality of diamond crystals, which was
confirmed by a decrease in the half-peak width of the Raman
spectra.

In summary, pressure can affect the growth characteris-
tics of diamonds. This provides insights for studying the prop-
erties of materials at different depths beneath the mantle and
their ability to dissolve N. This article demonstrates methods
to improve the quality of silicon-doped diamonds by increas-
ing synthesis pressure, providing an effective reference for fur-
ther exploration of silicon-doped diamonds and SiV color cen-
ters in the future.
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