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Laser-assisted etching of diamonds in airand in liquid media
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Abstract. Etching with the help of a copper vapor laseramounts of glassy carbon. The presence of the graphitized
(wavelength 0610 nm pulse duration 010 ns pulse repeti- layer on the laser-ablated diamond surface inexorably affects
tion rate of8 kH2) of both synthetic diamond single crystals its properties, such as conductivity, hardness, etc. Moreover,
(HPHT) and diamond polycrystalline CVD films is studied the electroless metal deposition on the laser-ablated areas
in various surrounding media (aif20, (CH3)2S0O). Dia- results in a 'metal—graphite’ rather than a 'metal-diamond’
mond samples are virtually transparent at this wavelengthinterface [3,4]. The purpose of this work is to compare the
and the coupling of laser radiation to diamond is via theprocess of laser ablation (etching) of the diamond surface in
formation of a thin graphitized layer at the diamond sur-various environments, such as air or liquids. Raman spec-
face. The etching rate in liquid media is slightly highertroscopy is used as a method sensitive to different types of
than in air at otherwise equal conditions and is as higltarbon phases. It is shown that the laser-assisted etching of
as 50pum/s for etching with a scanning laser beam. Ra-a diamond surface under a layer of liquid results in the for-
man spectra measurements carried out on diamond sampi@ation of a 'clean’ diamond surface containing almost no
etched in air show the presence of glassy carbon on the sugraphitic layer.

face, whereas for samples etched in a liquid the diamond

peak at1332cnt! dominates with significantly lower in-

tensity of the glassy carbon peak. Electroless copper de- Experimental

position on the laser-etched features is studied to compare

the catalytic activity of the diamond surface etched in airSynthetic dielectric diamond crystals dfmm thickness
with that etched in liquids. Possible mechanisms resporand CVD diamond films (o18i substrates or free-standing)
sible for the observed difference both in the structure ofvere used in the experiments. The method of diamond syn-
the etched area and in the electrol€3s deposition onto thesis under high pressure and high temperature, and the
the surface etched in various media (air or liquids) are disproperties of the crystals are described elsewhere [5]. Di-

cussed. amond films of50-200.m thickness were grown OISi
substrates by dc arc discharge or a microwave plasma CVD
PACS: 42.62.b; 78.30.j; 81.60.Cp technique. The substrate was subsequently etched, which re-

sulted in the free-standing diamond films. The etching of
the diamond surface was carried out in air with the help
The use of diamond in electronic devices and sensors r@f a copper vapor laser (wavelength ®10 nm repetition
quires the elaboration of flexible techniques for the treatmemnate of8 kHz, pulse duration ofLl0 ng. The laser radiation
of the diamond surface. This includes polishing, etching, anevas focused on the diamond surface with the help of a mi-
metallization of diamond surfaces, and laser treatment of diazroobjective into &20wm spot. For the laser etching of the
mond has been shown to be a versatile tool [1]. In particulaigiamond surface under liquid layer, the diamond samples
laser ablation of diamond surfaces is a good technique fowvere placed in a horizontal Teflon cell filled with the li-
etching, polishing, and activation for electroless metal platquid, either distilledH20 or dimethylsulphoxid€CHz3)>SO
ing. Laser ablation of diamond is accompanied by structuraDMSO). The thickness of the liquid above the diamond
modification of the diamond, implying that a thin graphitizedsurface was typically about mm. The diamond samples
layer is formed at the diamond surface and around the ablatedere placed on a computer-driven X-Y stage, permitting us
area. This layer can be eventually removed by ’laser clearto displace them under the laser beam with a scanning ve-
ing’; that is, the irradiation of the graphitized surface in airlocity ranging from 30 to3000nwm/s. Raman spectra of
at relatively low laser fluence [2]. Following this procedure,the etched surface were recorded with the help of a cw
however, the ablated areas of diamond still contain significanir * ion laser at a wavelength &14 nm Electroless de-




30

position of Cu was carried out on the etched areas by

. . . ; 0 .
using a standard solution with formaldehyde as the reducing Laser-etched in air
agent [6].

3
<
2 Results Z 1004
o
2]

A typical image of a diamond surface etched under a quuids
layer is shown in Fig. 1. Typically, an air-etched diamond sur-&
face is covered by a layer of glassy carbon [2], whereas th&"
liguid-etched diamond surface appears free of graphite, and 50
no sputtered material around the etched areas is observed.
This is confirmed by the difference in the conductivities of the
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etched areas: neither a liquid-etched (LE) surface, nor a virgig Raman shift, cm’!

diamond surface, is conductive, whereas an air-etched (AE)

diamond surface conducts well. Laser-etched in H.O
2

Raman spectra of AE and LE diamond surfaces are shown 4440l
in Fig. 2, for which the etching was performed on the same
face of a single diamond crystal. Note the absence of the di=
amond peak at332 cnt ! in the spectrum of the AE surface «& 3009
(graph 1), though the peak is well pronounced in the spec-,
trum of the LE diamond surface (graph 2). The differencest 2900
in the intensities of the Raman signals (from diamond ands
glassy carbon) means it would not be correct to compare th
spectrain Fig. 2, since a much weaker signal from glassy cam=
bon may be lost in the spectrum presented in graph 2. This
is actually the case if both spectra are compared at the same
intensity scale, and the weak graphitic bandL&80 cnt? 1200 ~ 1300 ~ 1400 ~ 1500 ~ 1600 = 1700
is observed in the spectrum of the LE diamond surface. Thé Raman shift, em’!
integral intensity of the graphitic band of the LE surface is_ _ o .
about three times less than that of the AE surface. This, homg—ﬁazlggmaz? spectra of a diamond surface etched in air (1) and under a fi-
ever, does not mean that the observed ratio of the integral
intensities is a direct measure of the thickness of the graphi-
tized layer formed under liquid or air etching, as only a top
graphitic layer on the AE surface, completely absorbing th&14.5 nm and gives rise to a Raman spectrum characteristic
excitation light, could contribute to the Raman signal. Thusof pure diamond.
we can conclude that an 'almost clean’ diamond surface is The laser fluence required to start the etching of a di-
formed by laser etching in liquid, keeping necessarily in mindamond surface under a liquid is several times higher than
that the laser-induced graphitic layer at the LE surface is ahat required for the etching in air. Or, the activation time of
least three times thinner than that at the AE surface, whiclthe etching of the diamond in liquid is several times high-
in turn, promotes the low absorption of the excitation light ater than the activation time for etching in air under the same
laser fluence. For instance, the delay in the etching of a di-
amond surface under a water layer is about several seconds
at a laser fluence dd.7 J/cm?, whereas for the etching of
diamond in air the delay is less th@r2 s Once the etching
has started, its rate is almost independent of the surround-
ing medium. Figure 3 shows the dependence of the groove
depth on the scanning velocity of the laser beam. One can
see that the etching rate in liquids is slightly higher than that
in air. For a laser fluence df8 J/cm?, the etching rate is
as high as5s0m/s at low scanning velocities, which cor-
responds to~ 600A per laser pulse. At higher scanning
velocities, the etching rate in DMSO is abdufl um per
laser pulse, whereas in air the rate is twice as low. The de-
crease in the etching rate with depth can be explained by
defocusing of the laser beam and by the change in the an-
gle of incidence of the laser radiation in the relatively deep
groove.
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: \ A diamond surface etched in air and then irradiated un-

Fig. 1. Typical SEM view of a diamond surface etched under a layer ofder @ liquid !ayer is also free Of the graphitic layer. Moreover,
H,0 the areas with removed graphite are larger than the laser spot,
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. formatioryevaporation, since the graphitic layer provides the

scan velocity, pm/s coupling of copper vapor laser radiation to the transparent

Fig. 3. Dependence of the groove depth etched in a CVD diamond film verdiamond.

sus the scanning velocity of the laser beam. Surrounding medium:zDMSO One more process contributes to the decreas#zmn-

(1), H20 (2), air (3). Laser spot size @0um, laser fluence 018.6 J/cm der the etching of diamond in the liquid: namely, the hy-
drodynamic impact of the liquid. Indeed, during the laser
pulse a thin £ 0.4 wm for H20) layer of the liquid is heat-

depending on the scanning velocity of the laser beam aned via heat diffusion from the graphite layer. The tempera-

laser fluence. ture of this heated liquid layer is about of that of graphite
ElectrolessCu deposition on a diamond surface etchedsurface, that is abol2000°C, so the liquid is overheated.
under a liquid layer proceeds faster than on one etched in aifhis layer of overheated liquid expands explosively, which

Typically, the deposition starts on LE featu4@min after  causes pressure on the graphite layer and leads to the dam-

the sample is dipped into the electroless solution at ambierige of the latter. In the first approximation, the pressure

temperature. The first traces©ti deposition on AE features must be of order of the Young’s modulus of the graphitic
appear in 1 hour. This indicates a higher density of catalytlayer. For an absorption coefficient of graphitésad nm of

ic centers exposed to the electroless solution in LE sample$.5 x 10°, the Q1-wm-thick graphite layer is heated up to the

Also, AE features are surrounded by a significant amountritical temperature oH,O of 640K at a laser fluence of

of sputtered graphitic material, and electroless copper depe- 4 mJ/cm<. A graphite film of this thickness will be easi-

sition proceeds on the sputtered material as well as in thig removed by the expanding liquid but the temperature rise

etched areas. in the film (~ 640 K) is not enough to increase significantly
the thickness of the graphite layer. The absorption coeffi-
cient of the diamond surface at the laser wavelength is about

3 Discussion 10cn ! [7], so there is no surface absorption of the sub-
sequent laser pulse, and the etching stops. For higher laser

Let us consider the process of laser ablation of diamonéluences, the etching under liquid commences when the ne-

in air with a series of laser pulses. The distribution of thecessary thickness of the absorbing graphitic layer is gained,

temperatureT for various moments in timds > to >ty that is after a certain number of laser pulses. This is consis-
is shown schematically in Fig. 4. Hergy is the tem- tent with the higher value of laser fluence under which LE
perature of graphite evaporation (abot@00°C), and Ty  occurs and with the observed etching delay. The mechanism
is the temperature of the diamond-graphite phase transif explosive expansion of the overheated liquid explains why
tion (about1500°C). One may suggest that the graphitic the areas with removed graphite layer are larger than the laser
layer will be evaporated t@; and the diamond will be spot: the pressure wave propagates in the liquid in all direc-
transformed into graphite t@a,. So Az=2z,—2z; is the tions. The removal of the graphitic layer by the fast expansion
thickness of the graphitic layer on the diamond surfacefa liquid is similar to that reported recently for laser-assisted
left after the laser pulse. For a given value of laser flu-etching ofSiC ceramics [8]: all the products of its laser de-
ence, the steady-state value dfz can be found from composition are removed from the areas etched under a liquid
the balance between the formation and evaporation of thlayer, thus leaving &iC surface chemically identical to the
graphitic film. SinceTey > Ty, the graphitic layer remains virgin one. A more precise model of LE requires knowledge
on the diamond surface even for shortest laser pulse dwf the state equation of the liquid in the overcritical range of
ration. T(z,t) can be found from the heat diffusion equa- parameters.
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Faster electroless deposition Gf1 onto a diamond sur-

the plating solution, thus preventing the metal deposition.

etched diamond for electroless metal plating. Thé char-

acteristics of the electroless metal contacts to the LE diamond4-

surface are now under study.

Acknowledgement§Ve are grateful to Dr. A.A. Smolin for assistance in the
CVD sample preparation.

5.

7.
8.

References
face etched under a liquid confirms our previous observation
that the graphitized layer screens the diamond surface froml.

M. Rotschild, C. Arnone, D.J. Erlich: J. Vac. Sci. Technol4B310
(1986)

) - L . 2. S.M. Pimenov, A.A. Smolin, V.G. Ralchenko, V.I. Konov: Diamond
Laser 'cleaning’ of the graphitized surface as well as diamond

etching under a liquid enhances the catalytic activity of the 3,

Film Technol.2 201 (1993)

S.M. Pimenov, G.A. Shafeev, V.A. Laptev, E.N. Loubnin, Appl. Phys.
Lett. 64, 1935 (1994)

S.M. Pimenov, G.A. Shafeev, B.N. Loubnin, Appl. Phys. L&§. 334
(1996)

V.A. Laptev: inApplications of Diamond Films and Related Materjals
eds. Y. Tseng, M. Yoshikawa, M. Murakawa, A.Feldman (Elsevier,
Amsterdam 1991) p.9

. G. Gutzeit, B.B. Saubestre, D.R. Turné&tectroplating Engineering

Handbook ed. by A.K. Graham. (Van Nostrand Reinhold Company,
New York, 1971)

V.G. Ralchenko, private communication

S.1. Dolgaev, A.A. Lyalin, V.V. Voronov, G.A. Shafeev: Appl. Phys. A
63, 75 (1996)



