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We determined thresholds for single and multi-pulse graphitization of HPHT single
crystal diamond, finding that graphitization has defect-based character. Nitrogen impurities
impact samples without external surfaces, while metal impurities, particularly nickel, affect
those with external surfaces. Raman spectra analysis shows that nanocrystalline graphite con-
tent increases with higher irradiation energy, while lower interaction energy favor carbine,
polyene structures and disordered diamond.
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OmnpeneneHbl MOPOTHM OJHO- U MHOTOMMITYJIBCHOM TIpadUTH3AIMM MOHOKpPHUCTAIIA
HPHT anwma3za. [Ipumecu azoTta BAUSIOT Ha 00pa3iibl 0€3 BHEIIHUX [TOBEPXHOCTEH, IPUMECH
METaJIJIOB - Ha 00pa3libl C BHEUTHUMH NoBepxHOCTAMU. AHanu3 criektpoB KPC nmokasbiBaer,
YTO COJIepXKaHUE HAaHOKPUCTAIUTMYECKOTO rpaduta yBeIUUUBACTCS C YBEIUYCHUEM SHEPIUU
00JIy4YeHHusl, a IpU B3aUMOJIEUCTBUU C MEHBIIUMU SHEPTUsMHU 00pa3yeTcs OosblIoe KoJInye-
CTBO KapOMHa, OJIMEHOBBIX CTPYKTYP U Pa3yHOPsI0UEHHOI0 ajiMa3a.

Kniouegvie cnosa: cuntetnueckuit HPHT-anmas; MK-cnekTpbl noriomeHus anmasa;
rpadutnzanus Ha aedexrax, noporu rpaputnzanuu; KPC rpapurusupoanHoro anmasa.

Introduction. Laser radiation is highly effective for material modification,
enabling micro-profiling of diamond surfaces, creating diamond diffraction
optical elements (like Fresnel lenses and beam focusers[1]), forming graphite
tracks, and increasing crystal defect concentration. Few studies have focused on
the graphitization thresholds of diamond under laser radiation, mostly involving
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natural diamonds and CVD-grown synthetic films[2, 3]. This study aims to
examine the graphitization of synthetic diamond single crystals grown by the
HPHT method under pulsed laser radiation.

1. Research material. We used synthetic HPHT type Ib diamond plates
with (111) and (100) orientations, grown in the Ni-Fe-C system. The plates
measure approximately 2x3 mm and are 0.36 to 1.23 mm thick. Before use, the
samples were treated in K,Cr,O7 at 80°C for 5 hours, then washed with deionized
water in an ultrasonic bath.

2. Research methods. To characterize the samples, we recorded IR and
visible absorption spectra. IR absorption spectra in the 800-1400 cm™ region
includes several overlapping bands linked to various nitrogen crystal defects (fig.
la). The diamond plates were processed using Nd*:YAG laser radiation at
wavelengths of 1064 and 532 nm, with a pulse duration of ~20 ns. The average
energy density Es was varied by laser energy and beam focusing. After the
irradiation Raman spectra of the diamond surface were taken.
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Fig. 1. Example of decomposition of the IR spectrum of the Y10 sample(a) and
difference in absorption coefficients at 532 and 1064 nm on the nitrogen defects
concentration(b)

3. Results and their discussion. The absorption coefficient dependence
(fig.1b) could not be directly determined due to imperfect plane parallelism of
the samples and the effect of metal impurities on absorption.

According to source [2], which studies CVD type Ila diamonds, the primary
graphitization process is multiphoton absorption at the diamond lattice. In our
case (fig. 2), graphitization occurs locally, this suggests that graphitization
primarily appear in structural defects and/or their segregation areas, with
nitrogen and metal impurities playing a significant role in the process. All
samples could be divided into 2 groups, with and without external surfaces.
These surfaces, formed during the cooling of the reaction zone under highly
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nonequilibrium conditions, contain more impurities (mainly metal-solvents) than
the crystal's interior.

Table 1
Results of research on graphitization of synthetic diamond

Sample | Y7 |PI20 | Y25 | Y26|9649 | Y24 | PIl1 | Y10 | Y23 | P1I3
E,Jem* | 76 | 93 | 80 [ 80| 64 | 68 | 141 | 26 | 2,6 | 2,0
Orientation | 111 | 100 | 100 | 111 | 111 | 111 | 100 | 111 | 111 | 100
A nm | 1064 | 1064 | 532 | 532 | 532 | 532 | 532 | 1064 | 1064 | 532
Pulses 1 32 [ 20 [ 1300
Cn,ppm | 1561 - [1222] - | 794 [126,7[1563] 150 | 2116|2809
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Fig.3 Es on the optical density for samples with(blue line) and without (red line)
external surfaces (a), Es on the total content of nanocrystalline graphite (b)

Figure 3a reveal a clear distinction between samples with and without
external surface. Given that absorption is almost entirely due to impurities, the
multiphoton absorption model described in [2] is invalid, as indicated by the
weak dependence of graphitization thresholds on the radiation wavelength.
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Table 2
Raman spectra decomposition results

Line intensity, rel. units

Position Carbon type Y24 1v10lv26] Y7 [ P111 | PI20
430 cm’! . . 20 40 | 0 | 3 | 2 | 10
710 omy Disordered diamond 3 10 5 5 D) 3

1180 cm’! Disordered graphite 70 | 60 | 50 | 88 | 55 | 60
1350L cm™' | Nanocrystalline graphite | 20 8 18 | 22 | 42 5

1350 cm’! Amorphous carbon 130 | 130 | 80 | 109 | 95 | 170
1420 cm™! Polyenes 5 110 | 2 9 0 0
1530 cm’! Amorphous carbon 180 | 185 | 120 | 200 | 118 | 123
1585L cm’! | Nanocrystalline graphite | 21 3 40 | 10 | 37 | 47
2085 cm’! Carbine 15 | 24 | 1 3 2 0

Note. L - approximation by the Lorentz function, otherwise - by the Gaussian function

The Raman spectra analysis (table 2) revealed a diverse surface
composition post-irradiation, comprising nanocrystalline graphite, amorphous
carbon, disordered diamond, graphite, polyene structures and carbine.
Nanocrystalline graphite content increases with increasing the irradiation energy
(fig. 3b), while lower irradiation energy (Es < 7J/cm?) favor carbine, polyene and
disordered diamond.

Conclusion. Analysis of the IR and visible absorption spectra showed that
the absorption coefficient depends on the impurity composition of the samples
(fig. 1b). The thresholds for single-pulse and multi-pulse graphitization of
synthetic HPHT diamond single crystals were experimentally estimated (table
1). Graphitization occurs locally, with nitrogen impurities playing a significant
role in samples without external surfaces, and metal impurities in samples with
external surfaces (fig. 3a). The Raman spectra analysis shows that
nanocrystalline graphite increases with higher irradiation energy (fig. 3b), while
lower interaction energy (Es < 7J/cm?) favor carbine, polyenes and disordered
diamond.
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