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ABSTRACT.

oblained by using the hvdrogen plasma etching with the difTusion of the carbon species into the melal alloy

Planarization of the free-standing diamond Llm surface as smooth as possible could be

(e, Cr. Ni). For this process. we placed the [ree-standing diamond film between the metal allov and the Mo
substrate like a metal-diamond-molvbdenum (MIDM) sandwich. We set the sandwich-tvpe MDM in a micro-
wave-plasma-enhanced chemical vapor deposition (MPLCVD) svstem. The sandwich-tvpe MIDM was heated
over ca. 1000 °C by using the hvdrogen plasma. We call this process as the hvdrogen plasma etching with car-
bon diffusion process. After ctehing the tree-standing diamend film surface. we investigated surtace roughness.
morphologics. and the incorporated impuritics on the etched diamond tilm surtace. Finally. we suggest that the
hydrogen plasma ctching with carbon ditfusion process 1s an adequate etching techmgque tor the fabricaton of
the diamond film surface applicable to clectronic deviees

INTRODUCTION

The achievement of the elching of the diamond (ilm
surface is essential Lo overcome the limilations, mainly
caused by the surtace roughness. for the practical apph-
cation of the diamond film to clectronic deviees, How-
cver. etelung the diamond Hlm surface has been regarded

as the most ditficult bamier to be overcome, due to the

highest hardness and chemical inertness of diamond.!
Up to the present, many altempls have been tried to
elch the diamond (ilm surface as smooth as possible.'™?
Among these allempts. the diffusion technigues have
been regarded as a pronusing way to ctticiently eteh the
diamond film surtace.™* The mechanism of these tech-
niques were based on the catalvne chemical reaction
between diamond and metal substrates. such as Ce.?
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Mn_.' Ce-Ni.* I'e " rare earth metals® and so lorth. In this
case. dimmond could be readily converted into sofl car-
bon species like graphite by the catalvsis reaction under
the appropriate temperature (600~ 1.000°C) condition.
Then. the converted sott carbon species diftused into the
substrate. As an alternative technique tor etehing the dia-
mend film surface. a plasma technique. such as ion beam
ctehing.”” reactive ion ctehing."” or clectron cyelotron
resonance (ECR) plasma.” has been introduced. This
technique uses active chemical ion species. which could
come from O Ar! 817 air® and so forth. These
ion species would react with the protruded diamond
grains on the {ilm surlace and convert them into solt car-
bon species. Therelore one could polish the sharp tips of
the diamond {ilm surlace by elching away the converted
solt carbon species. l'urthermore. in comparison with a
diftusion technique. one night enhance the selectivity ot
the pelished area via the masking process. "

Despite many attempts tor ctching the diamond tilm.
it still requires the enhancement of the ctehing cfticiency
and the sclectivity tor the practical application. In this
paper. we mtreduce a new techmque tor cttectively eteh-
ing the diamond lilm surface by combining a dilTusion
technique and a plasima etching technique. We call this
{echnique as the hvdrogen plasma etching with carbon
dilfusion process. This process can give not only the
enhancement ol the etehing efliciency but also the pos-
sibility ol the selective polishing by masking process.
Detailed processes to obtam a very fine ctehed state ot
the diamond film surtace. the characteristics ot the ctched
arca. and the reason tor the enhancement of the ctehing
cthicieney are presented and discussed.

EXPERIMENTAL SECTION

For the hvdrogen plasma etching with carbon dittu-
sion process. we made (he sandwich-tvpe MM by plac-
ing the Nat-type metal alloy (I'e. Co. Ni) onte the as-grown
surlace ol free-standing diamond films and mounted
them onto the Mo subsirate as shown in /g 1. Before
placing the metal alloy onto the tilm. we pohished the
metal allov surtace as smooth (below 0.1 gm) as possi-
ble. The sandwich-type MDM was set w1 the reaction
chamber of MPECVD svstem and heated mercly by the

hydrogen plasma. Free-standing diamond films having
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Fig. 1. Schenatic diagram of the sandwich-tvpe metal-diamond-
nmolyvbdenum (MDM) saniple set.

ca. 350 um film thickness were obtained as the previous
report.

The detailed conditions tor the hydrogen plasma ctch-
ing with carbon diftusion process of tree-standing dia-
mond tilms are as tollows: H. gas tlow rate -~ 200 standard
em’ per minute (scem). total pressure 60 Torr. micro-
wave power = 2000 watt. and reaction time = 20 min.
respectively. The substrale was merely heated by the
hvdrogen plasma and its temperalure was measured as
ca. 1.100"C by using the optical pyrometer.

Aller the elching process. the surface roughness and
morphologies of the diamond film surlace were closely
investigated using atomic toree microscopy (AFM. PSI
CP) and scanning clectron microscopy (SEM: Hitachi E-
201). respectively. Diamond qualines and the residual
impuritics of the diamond tilm surtace were also nves-
tigated by using micro-Raman (Remshaw 300K and Auger
spectrascopy (VG Scientitic. mierolab 310-D). respee-

tively.
RESULTS AND DISCUSSION

Aller the hvdrogen plasma elching with carbon diftu-
sion process. we compared the surlace morphologies of
the diamond film betore and atter the ctehing process.
Fig. 2a and b show the optical photographs ot the etched
diamond tilm surtace (Fig. 2a) with the as-grown dia-
mond tilm surtace (inset ot Fig. 2a) and the surtace ot
the metal alloy (Fig. 2b). which has been placed onto the
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Tig. 2. Optical photographs of (a) the etched diamond tilm surtace with as-grown diamond film surtace (inset) and (b) the metal
allov which was placed on the as-grown free-standing diamond tilm surtace.

diamend film surtace during the plasma dittusion cteh-
ing process. respectively, By comparing /ig. 2a with its
nsct. we can obviously observe that a rough surtace state
of as-grown diameond film transtormed into a smooth
one by the hydrogen plasma etching with carbon diftu-
sion process. Using the micrometer for thickness mea-
suremenl. we oblained (he (ilm thickness as ca. 250 pm.
We delined the etching efliciency as the reduced [ilm
thickness by the elching process per minute. In this
work. (he etehing efficieney is caleulated as ca. 5.0 (um?
min). This value is regarded as a higher one lor the dia-
mend etching rate. as compared with other reports.®
As shown m fdg. 2b. we can tind a trace of the
depressed mark on the metal alloy surtace. according to
the tilm shape. It obviously indicates the occurrence ot

the massive reaction between the tilm and the metal
alloy. So. we suggest that this massive reaction may
assist the ctehing etticicney by pressing the diamond
tilm surtace.

We also investigated the detailed surtace morphology
of the ctched surtace by using SEM. Compared with the
as-grown one (Fig. 3b). the under-developed grains and
the relatively tiny graing were observed on the elched
surlace as shown in Fig. 3a. Obviously, the under-devel-
oped grains (Fig. 3a) were able to form a smoother sur-
lace. as compared with the well-developed grains (Frg.
3b). In addition. the grain size is in proportional to the
tilm thickness. so the relatively tiny grains on the etched
surtace were considered to be a tvpical phenomenon
atter thinning the tilm thickness by the etching process.

Fig. 3. SEM mmages of (a) the ctehed diamond film surtace and (b) the as-grown diamond tilm swrface.
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Fig. d. AFM 1mages ol (a) the etched diamond film surlace and (b) the metal allox surlace.

Average surlace roughness (Ra) of the etched surlace.
measured by using AFM. shows a comparable value (ca.
100 Y as that of the polished metal alloy surface (com-
pare Figs 4a with b). Due (o the higher roughness ol the
tree-standing diamond tilm surtace. we could not mea-
sure the exact roughness value ot the as-grown diamond
tilm surtace. However. we consider that the surtace
roughmess value ot the as-grown tilm surtace might be
over a tew tens micrometers. according to the grain size
as shownn #7g. 3b. So. we can undoubtedly contirm the
smoothness ol the elched diamond [ilm surlace by the
hvdrogen plasma eiching with carbon dillusion process.

l'rom these resulls, we can suggest that the hvdrogen
plasma elehing with carbon diflusion process can ellec-
tively elch the as-grown surface of the {ree-standing dia-
mond film. Finallv, this process could readily lead to a
smooth diamond tilm surtace applicable to the diamond
clectronic devices, We suggest that the cavse tor these
results may be come from the synergy etteet of a dittu-
sion process and a plasma ctehing process as shown in
17ig. 5. Namely. the hydrogen plasma speeics would react
with the protruded diamond grams on the tilm surtace
and could converl them into (he solt carbon species like
graphite. In addition. the protruded diamond grains could
be readily converted inte sofl carbon species by the
catalysis reaction of the metal allov under the relatively
high temperature condition. as the previous report’. Then,
the converted solt carbon species could be elched away.,
via C + 2H, — CH,T. or diftused into the metal alloy via
the solid solution reaction.® This is why we call this pro-
cess as the hyvdrogen plasma ctehing wath carbon diftu-
101 process.

Undoubtedly. metal components m thns metal allov

Muetnl Alloy
iFis, Cv, Wil

Fig. 3. Schematic diagram of (1) the converted carbon
species dilusion into the metal alloy and (2) the etched away
ol the converted carbon species.

Iso have a chance to penetrate into the etched diamond
1ilm surlace during the etching process and acl as impu-
rities in the film. The impurities in diamond Iilm would
deteriorate the performance of the diamond electronic
deviees. To investigate the impuritics in the ctched dia-
mond tilm. we carried out Auger spectroscopy measurc-
ment as a tunction of the film depth. /g, 6 shows the
depth protile of the ctehed diamond tilm. For a depth
protile. we sputtered the film at a rate of ca. (1.1 nmisee.
We did not tind any disnnet impuritics incorporation.
such as lie. Cr. O. and Ni in the film with the depth. This
result reveals that the possibilitv ol the metal compao-
nents transler from the metal allov or the impurilies
incorporation, which might come Irom the residual gas
in the chamber. into the etched diamond (ilm would be
rare during this process.

As shown n /g, 7. the depth profile invesngation ot
the melal allov was also pertormed. Noticeably. the car-
bon component was dominant at the surlace ol the metal
allov. Tt obviously reveals that the mass transler, as a car-

bon lorm. has accurred from the diamond film into the

Sonarnal of the Koveean Cheamical Socien:



e Feftol 23} s FpAgo) 2|3 cloloiiat Erie) Huiat 355

200 } Peak To Peak Height 4
w 160 E
= ¢ ——
g 120 .
L.
z 4
2 8o0f B
Q
E N
40 F 4

OE!!I!!! !FEOCrNi |
0 1000 2000 3000 4000 5000

Etching time (seconds)

Fig. 6. Auger spectrum ol (he depth prolile for the etched
diamond film.,
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Fig. 7. Auger spectrum of the depth profile for the metal
alloy.

metal alloy during this process. The oxygen could be
also detected around the surface of the metal alloy (See
Fig. 7). These results confirm that carbon transfer from
the diamond film and oxygen incorporation into the
metal alloy would be possible during this process. On the
contrary. the metal components transfer from the metal
alloy and impurities incorporation from the residual gas
into the etched diamond film surface would be rare. We
suggest thal the diflerent atomic size and the solid sol-
ubility may be the main reason to understand the mech-
anism ol these results.’

CONCLUSIONS

The hydrogen plasma ctching with carbon ditfusion
process can effectively eteh the as-grown surface of the
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free-standing diamond [ilm via the synergy ellect ol a
diffusion process and a plasma etching process. Fur-
thermore, this process accompanies the pure etched
surface without metal components transler from the
metal alloy and the impuritics incorporation trom the
residual gas in the reaction chamber. Conscquently. this
process can readily produce the smooth and purce dia-
mond film surfacc applicable to diamend clectronic
devices.
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