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Tab.1 Properties and applications of diamond

Property Value Application
High-temperature
Bandgap/eV 5.4 .
electronics
Radiation-hard
Holes 3 800; detect
Carrier mobility/(cm®>-V"-s™") oles ’ etectors )
electrons 4 500 Optoelectronic
switches
Resistivity/Q-cm 10%-10"
Thermal conductivity .
oo 2 000-2 400 Heat sinks
/(W-m -K™)
Dielectric constant 5.7

225 nm-radio  Photonics and MW

Optical transmission range

frequency devices
Hardness/GPa (81£18) Tools, surgery blades

Acoustic wave Surface acoustic

. O 18.4 along <100> .

velocity/(km-s™) wave devices
Thermal expansion coefficient Photonics and MW
o 0.8(293 K) .

/(107° -K™) devices

Corrosion resistance Stable in HF Electrochemistry

Negative electron affinity Electron emitters

Biocompatibility Biomedicine

E&WH: FEARBIARAT A (52172037); LT AARAHATH (2212036)

VEFEI A i, 5, Bb A, BN M RS AN T 07 T AT

SIRCRITER) BT HRIR, I, 2%, WL, FENFHEG BT CVD BRI G2 SR g SO 5 T BT .
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Tab.2 Types of laser used in diamond processing

Type Nd:YAG Ti:Al,O3 Cu Ar’ KrF ArF CO,
Wavelength/nm 1 064 532 800 510.5 488 248 193 10 600

Energy/eV 1.17 2.33 1.55 2.42 2.54 5.0 6.42 0.12
Mode Pulse/continuous Pulse Pulse Continuous Pulse Pulse Pulse
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Fig.1 Schematic diagram of energy level structure of Nd:YAG crystal''®!
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| Absorption in diamond I | Absorption in graphite
Single photon absorption Multi photon absorption
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Fig.2 Absorption behavior of diamond and graphite
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Fig.5 Effect of plating different absorption layers on the transmittance

of processed diamond "
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Fig.6 Fluorescence image of NV color center array

[33]

202305674



i E ok A2

% 24

www.irla.cn % 53 %

14 £NIARAERETL

WOLIN T A RIA R, BT ASROCHRBIEIR. 58
JE R AR AN [F) 3 on TR EE S 2 5. HROLL
BRI BB 1 %85 B A G B 23 57 B AE SR e X P R 3 sp” A
ARG, WTE WO BB = A ROCERTR, AR
PSSO TR K T i DX 2 i TR S NA
TELAMPIRFOCHR AR RT3 A4 Ja I 1 1 2R T
254, Magdalena Forster™ 25 fiff F K Fb i 5% (800 nm;
60 £5) I TR B 2419 o AL & N4, 7236 5T H gk
J7 1) B 25 BB R OB IE R R L BT A

50 nm A1 200 nm ) A A PR T 4544 . Hor 50 nm 7Y
SR S5 K K B 4 WA A 38 A0 A2, 1T 200 nm ]
B RA th A A WA A 75 248 2 0
T4 WA 2 1T 7 A 0 SR M 45 4 e A GO K
IR 2, ARSIk 4R ) B 0 9 R R RO
M5, CRRHOE A 1 JR PR RAE 5T/ AT BT 35 5
FYARS M N T, SO e % RN K R 2
XF 77 HE B K TR PR S 4 7 A s, 18] 7 R Sl Tk
0 B (800 nmy 125 fs) 7F 43 T 4 W A7 B8 ith ) {E
(1.9 Jem?®) 19 30O B 2 %5 B DL Sk vp %5l 3000 T 1R

& 7 800 nm WRMNEOLIE A NIA FEEH SR . (a) T 3000 kb #OGRER %R 1.9 Jem® LR 170 nm FAHPES5H; (b) T 8000 fik vk

JERERERE 2.8 Jem® JEIEY 190 nm JH BIELGHY

Fig.7 Scanning electron microscope images of diamond surface irradiated by 800 nm femtosecond laser. (a) 170 nm periodic structure formed at 3 000

pulse laser energy density of 1.9 J/cm?; (b) 190 nm periodic structure formed at 8000 pulse laser energy density of 2.8 J/cm? !
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Fig.8 With the increase of pulse time delay, the evolution of diamond surface morphology array'
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Fig.9 Interaction model between laser, electron and lattice™. (a)

Nanosecond laser; (b) Femtosecond laser

2.1 HEESEmMT
TR IO B ik T 8 B, 38 O LN T, e

(a) Lapped

(b) Wire EDM
processed

(c) Laser processed
(7,=10 ps)

(d) Laser processed
(7,=125 ns)

B A B 2 11, O ok R 2 78 3R 5 gl Ab R 4
MH TR EOE BN T A WA B4R de b HoK
22 U I i AN O G0, B PR FH IR
1064 nm 4 Nd:YAG B #bKS 2% SOC UTEIAL 58 B T
& WA RS v B S A WA AR DTS R i T 2
WA AW P B A & RS, KIKE 0 R %
6 TE N T B B BE R 3 2L A, Gregory
Eberlea'™! %5 44 Sl B0 006 I T45 2 19 R & Nl A
(poly-crystalline diamond, PCD) & & # ¥t 5 H& fin T-
Ti AR B S5 BEAT T AL LG, A0 E 10 s . AL
Pl 10e) AT LU 225 0 1 GORD 806 3 47 I T 6
PCD & 4 # ki A 7 1 i s 4, SN BOE AR
[7), SRRD O ) U (1 B S AE JL T B bk e 25 B 1]
K, S BB UR A AGE m DX, 40 P HAGE ) IX3k #)

Cobalt

Polycrystalline diamond

#— Platinum protective layer
Porosity

Heat affected zone

Cobalt transverse layer
-—

Platinum protective layer
Porosity in cobalt inclusions

Low sp* amorphous
carbon

Heat affected zone

2 um

202305677



i E ok A2

%28

www.irla.cn % 53 %

(e) Laser processed
(7,=450 ps)

Nanoscale cobalt
inclusions and porosity

Cobalt transverse layer Polycrystalline graphite

Graphitic carbon

Cobalt-carbon solid
solution

Heat affected zone

Pore used for
EDX analysis

10 AR T 77 085 3] PCD & A b 8H R AL 2573 (Focused ions beam, FIB) #IHi 5], (a) BHES; (b) HLKAENN T2 (o) BKTE 10 ps #0k; () Bk5E

125 ns #06; (e) Bk e 450 ps #0k

Fig.10 FIB cross sections of PCD composites obtained by: (a) Lapping; (b) Wire EDM; (c) Laser when pulse width =10 ps; (d) Laser when pulse

width =125 ns; (e) Laser when pulse width =450 ps

6.8 ums,
22 R mT

H AR O 3 1T BRI 20 4, [ i H A,
AR M, BUARIR, 0 TS IR) S R, AR Al A 7
Tz RS ST AENEO Gl R XA i
B IR, 50 b 2 B0 Ry o 5 A AR B A i)
X o PR ALES ALK K% Zhen Zhang™! 46 A\ ## 7 T =

(a) 1.6x107 s

FTYT T TSR s T exio
0.40 1.25 2.10 2.96 3.81

Flux and temperature
in SCD

(c)4.8x1072%s

g ¥
Y i
..i;;;odfll ‘

TR L L1,

0.28 1.22 2.06 2.89 3.72

Ry "%
,.:'.iuoaiiiiggQQAﬂ
L ALARARAL L

FIIETTT T I T I I T T I N N0
0.40 129 219  3.08 3.98

(e) 8.0x1072%s

A7 Bl g AP Ik v v T EOG B kB A WA A R DT
BEAAAL, FFAR 3] 1 AN [R] 4 H 05 1] R 5 4 A A
3 R A, W 11 PR, %R 5 SR AT
BAFRY LG £, BB AR R4 i) 00 fig

H AR BRI A K 2% Nozomi Takayamal*® i 44 #
WOEIn T, (BOESEOIKTE 15.6 ns; M 1 kHz;
532 nm; JEBE B A 85 pmy fie K HH DI P>1 W) &

(b) 3.2x102s

(gﬁﬁ%
1 SO
1es?
ki
S LT R
TRRYYY

XD T rng <108
0.40 1.25 2.11 297 3.83

(d) 6.4x107 s

TR
_...J-..J'HW‘
s

CLLULY TR [ 2 st

1 5 AL ax10°
0.39 1.21 2.03 2.85

|
3.67

ciRRRREA"
_‘,...uil'iiwv
.--""‘“'"‘ff v

(£9.6x102's

IIITTITTI T T T T TN x|’
0.39 1.25 21 297 383

P11 PR TR ] 50 it < P ) AP S RRELRE A, 1Sk om S AR D7 1)

Fig.11 Heat conduction and temperature distribution in the single crystal diamond at different scanning time, in which the arrowheads indicate the

conductive heat flux direction*”
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Fig.13 Raman spectra of picosecond laser ablation of diamond micro-

grooves at different laser energies
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Fig.14 (a) Schematic diagram of ps laser processing; (b) Optical picture of graphitized microstructure device; (c) Influence of orientation on machining

morphology and machining threshold****!
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Fig.15 Scanning electron microscope images of single crystal diamond

surface processed by 200 fs laser. (a) Curved structure processed
by laser pulse energy of 1.2 mJ; (b) The machined surface image
when the laser pulse energy is 840 nJ; (c) An enlarged image of

figure (b)">”!
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Fig.16 Surface morphology of laser processing. (a) Nanosecond laser;

(b) Femtosecond lasers'®!
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Fig.17 Machining diamond through holes on silicon ball substrate by

double pulse laser machining surface morpholog'®®’
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Fig.18 The average aspect ratio obtained in diamond is 40 : 1
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Fig.19 Diamond microgrooves processed by process optimization
parameters. (a) Surface morphology; (b) Cross-sectional

morphology™!
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Fig.20 Photos of manifold diamond microchannel””!
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Fig.21 Schematic diagram of laser ablation'™
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Fig.22 Surface roughness of diamond with different scanning ranges.
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Fig.23 The cross section SEM image of diamond sample after fs-laser

treatment'®”!
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Fig.24 CO, laser/water-guided laser hybrid machining system'**!
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Fig.25 Scanning electron microscope images of the ablation made with

laser in silicon without. (a) And with water spray; (b) Both are

made using 1000 pulses with 2.2 J energy per hole®™!
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Tab.3 Research progress of different processing types of laser processing diamond

Processing

ty Laser type Highlight Processing result Reference
pe
. Argon gas is injected to change the .
Cutting 193 nm;25 ns . Avoid plasma heat damage [64]
processing atmosphere
. The optimum process parameters were Section roughness: R,=0.65 pm; Slit width: 173.1 pum;
Cutting 1.06 pm;100 ps . . . [66]
determined by orthogonal experiment Taper: 5.9
L . ) Maximum aspect ratio: 66:1; Minimum taper: 0.1 (aspect
Drilling 532 nm;20 ns Low taper, high aspect ratio structure . [69]
ratio 10:1)
. Effect of laser parameters on micropore . .
Drilling 1030 nm;230 fs Micropore no debris, no heat damage [67]
geometry
Combined with the experiment and Interface side taper <3°
Microchannel 800 nm;120 fs simulation, the micro-channel "cold" no residue, crack, edge breakage and other defects on the [26]
machining is realized surface
. The diamond microstructure array . .
Microchannel 800 nm;100 fs . Microstructure groove width: 20 pm; Groove depth: 45 um [74]
constitutes the X-ray source array anode
Microchannel 1060 nm;200 ns Microslot linear repeat two scans The bottom of the microgroove is wide and flat [42]
. Laser induced formation of nanoscale Slot width: 40 nm; the groove depth is 500 nm;
Microchannel 800 nm;120 fs R K [78]
linear grooves Length: 0.3 mm; Average spacing: (146+7) nm
L. Laser polishing is directly used in optical Roughness R,= 8.02 nm (20x 20 um?); The light
Planarization 355 nm;25 ns K . R [79]
device manufacturing transmittance reaches 47.1%
L . . . Surface roughness S,= 1.9 um; material removal rate
Planarization 1.06 um;100 us High efficiency flat rough diamond surface s [9]
1.1mm°/min
. The laser forms a non-diamond phase on Electrochemical stripping is achieved after epitaxial
Separation 800 nm;50 fs . . [87]
the subsurface thickening
The CO, laser is processed and the water
. CO, laser/water . . .
Hybrid laser . guided laser is used to quench the heating Cut sheets faster [88]
guided laser
zone
Water guided The waterway extends the laser focus and ~ With a carbon layer formed only on the surface, stress is [90]
laser improves the axial processing efficiency reduced
Water-assisted . . . . .. .
L 790 nm;120 fs  Water mist assisted infrared laser ablation No self-organizing structure is generated [93]
aser
Water-assisted CVD diamond-coated tools are used to The precise microslot array and two composite
532 nm;652 ps [96]
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process cross-scale microstructures

microstructures were prepared
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Research and application progress of laser technology

in diamond processing
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Abstract:

Significance  As an efficient non-contact processing method, laser processing is an ideal processing method for
super-hard brittle materials such as diamond. The high-energy laser ablation of diamond greatly improves the
processing efficiency of diamond, and the ultra-fast laser processing of diamond ensures the processing accuracy
to the greatest extent. At present, laser is widely used in diamond cutting, lapping, micro-grooves and other
aspects. Clear diamond laser interaction mechanism and processing control mechanism for laser processing
diamond industrial investment laid a foundation. Due to the limitations of traditional machining methods, laser
processing methods at home and abroad are the focus of research and development technology. It is foreseeable
that laser processing in the field of diamond processing will have a larger proportion, which is of great

significance for the back-end application and assembly of diamond.

Progress Firstly, the laser generation mode and laser processing mechanism are introduced, including laser
generation and main characteristics, how the diamond absorbs laser energy, and the changes of diamond
properties and surface morphology caused by the laser. At present, the main research is nanosecond laser and
femtosecond laser, which are currently two typical types of laser used for diamond processing, according to the
laser wavelength division commonly used a green laser (532 nm), near infrared laser (1064 nm) and ultraviolet
laser. Pulsed laser is the focus of current research, for diamond processing, short wavelength and small pulse
duration processing quality is higher, while longer pulse duration pulsed laser processing efficiency is higher.
With the development of technology, laser processing systems in various countries are developing in a more
compatible direction, that is, to achieve good processing quality and high removal efficiency at the same
time.Countries have successfully carried out a number of technical studies in the field of laser diamond
processing, which has been widely used in production. According to the investigation and development, the pulse
width length of the laser has a decisive impact on the processing effect. For the different processing types of
diamond, the multi-method joint processing method is currently used to meet the specific requirements of various
tasks. For the actual processing needs of diamond, mainly including laser cutting, laser drilling, laser micro-
grooves and lapping and other related fields. According to different processing types, the development status and
technical highlights of laser diamond processing in recent years are summarized (Tab. 4). Through comprehensive
investigation, the future development trend and common technical means of laser diamond processing are
revealed.

Laser diamond processing is one of the current mainstream processing methods, and compared with
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traditional machining methods, laser processing technology can achieve automation, low-cost, high-precision, and
can obtain more accurate processing effects. At the end of this paper, the application prospect of laser diamond
processing is prospected in order to provide reference for the development and research of domestic super-hard

material processing technology.

Conclusions and Prospects The field of laser diamond processing is still booming. At the same time, diamond
processing needs are complex and diverse. For different processing types and application requirements, the type
of laser used, the mode of processing operation and the selection of processing parameters need to be analyzed in
detail according to each case. The research progress of laser diamond processing industry in recent years is
summarized in order to provide some reference for the design and optimization of laser diamond processing in the
future. Laser processing technology will also be more mature to meet a variety of processing needs, and gradually
to high efficiency, high precision, low damage, highly integrated and production automation. In the foreseeable

future, the application prospect of laser processing diamond will be more and more broad.

Key words: diamond; laser processing;  laser cutting;  microporous forming;  microchannel;  laser

flattening
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