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Development and applications of precision diamond cutting tools utilizing the
modification of surface structure induced by a focused ion beam irradiation
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In this study, we developed high-performance diamond and cBN cutting tools,
used in ultraprecision cutting, by the modification of surface structures induced by focused ion
beam irradiation and heat treatment. It was found that the texture on the tool surface enables us to

reduce friction between tool and chip interface, and improve resultant cutting performance. The
dependences of the texture effect on the machining conditions and texture shape was investigated.
This technique was also applied to other tool materials used in ultra-precision machining, such as
nano-polycrystalline diamond and binderless cBN. In addition, high-efficient patterning method was
investigated. These results indicate that our method is effective for improvement of ultra-precision
cutting technology.
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Fig. 1 Method for fabricating textures on a diamond tool
surface by using FIB irradiation and heat treatment: (a)
deposition of a carbon layer on the diamond, (b) formation
of non-diamond phases with FIB irradiation, (c) heating in
air to etch the non-diamond phases, and (d) resulting texture
on the diamond tool surface.

Z—19,

CK—19 (d:m)

3. WD L

INTHEBRIC X5 TEOFAMCIE, Bk
HNTHE (777F v 2 () % ROBONANO
a-0iB) O % bEREE W=, B iRt EIC

FRIE L 7o RHIA T3 L, @R Is S = — 3
T&1T72-7~.

FIB MHHIZIX, $£RA 4 B — 200 TH
((BR) BHINA T2 7 vay— XH FB-2100)
Z 7o, FIB BSOS AT OFHiids L Ot
SO —PIC L DT ERICIE, L—YF
~ UM E (L= 3 — (BF) # inVia
Raman microscope) % FHV 7z.

4. WF7EEE
(1) BB A S L7 T EofEf

Hfim A A vEr FTEOE#EELD =
W, 2 MEOGEICESEE R, — T
1%, FIB MRIH%, T35, BEzeth CHUL
BT L THEEASINDEZLAYEY FOK
B V" ChDH. #I7lE, FIB BEE, 225t
TEVLEES 5 Z LTI E D, IR TH
L. INLOWEREE AR ATEY R
HOFT S WEIIZT 7 AF v RICEEL, £0
FEIZOWTHRE LT,

B 1%, BHEOFECL S TEHOERTE
TdHh 5. FIB BHIC L > T S n- 2=
%, BLBLZ X VBRI F T A D
T, NIBIRDT 7 AF v 2 /ElTE 5.

X20%, ERLZTEOREESE K= —
VU ATHIEC L BB THD. UnH~

DB RET 5720, YN HANS 1 pm B
ez 6b)%&’%ﬁbf_ﬁﬁfﬂﬁ%1’ﬁ;@bf:. [7]
(@I%, AEOFETCHWHE LI XA YEL N L
HTohs. FIB BRI, MUNRFEENAET
2. L= I<=rapiotiicky, 7977
A MIROMFE2 R < B S 4, S’
BEINTWAIZ ERbMNE., ZHIZL-T,
BEAREEA E L COERPHIRFCE 5. £
TNAI=TADEEIZEL T, GalIREIN
Tz, [[XKOb)IE, BEOFETHE LY
A¥YELNLETHD. X TEWEHT S
L TRARNERRMICD Yy F TSN, B
S 41 nm OMIBIRBIER I ND Z EBnbnd.

E

(2) INTEBRIZ X 5 THOFHMm

ERL U 7= T B A VTN LERZ 1TV,
ORI HONWTHF LTZ. K31k, £ THEHA
AT LR YIEI 1 TH 5. BIHIEE
180 m/min, 1A% 3 um, % ¥ & 10 pm T NiP

A

—
(o))
=

I 1 —
- =)
I ———————
o =T
e ——————
B e ————— )
N m——— e e
e L it
B T ]
Z

Fig. 2 Textures fabricated on the diamond tool surface. (a)
Ion irradiated area after aluminum deposition and heat
treatment in vacuum. (b) Ion irradiated area after heat
treatment in air.
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Fig. 3 Comparison of cutting forces and friction coefficient
machined by various surface improved diamond tools.
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Fig. 4 Comparison of the cutting forces while machining
aluminum alloy with non-textured tool, textured tools with
perpendicular, and parallel directions.
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Fig. 5 SEM images of the cutting chips generated from
machining an aluminum alloy with (a) a non-textured tool
and tools textured in the (b) perpendicular and (c) parallel
directions.

Fig. 6 Surface topographies from a coherence scanning
interferometer of the aluminum surface after machining with
(a) a non-textured tool and tools textured in the (b)
perpendicular and (c) parallel directions.

Fig. 7 Rake face of the textured diamond tools. (a)
Non-textured, textured (b) whole area, and single line with
(c) 1.0 um, (d) 16.2 um from cutting edge.
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Fig. 8 Comparisons of the cutting forces while machining
NiP using nontextured and textured tools.
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Fig. 9 Surface topographies of NiP after machining using (a)
nontextured tool, and (b) textured tools.
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Fig. 10 AFM image of diamond surface irradiated by DUV
laser. The FIB-irradiated diamond surface (a) without and
(b) with the Ga removal step was irradiated by a UV laser
for 800 s.
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Fig. 11 Changes in depth of laser-irradiated area and
diamond peak plotted as a function of UV laser irradiation
time.
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Fig. 12 Change in the increasing rate in depth of
FIB-irradiated NPD as a function of ion dose.
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Fig. 13 Change in the increasing rate in depth of
FIB-irradiated binderless ¢cBN as a function of ion dose. The
FIB-irradiated surface was covered with aluminum and then
heated in air.
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