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Implantation of metals and ceramics with ions of nitrogen and other species has improved
surface properties such as friction, wear and corrosion in numerous industrial applications.
In recent years, PCB drills tend to be more minimized increasingly as the electronics
components have been more highly accumulated and minimized. Therefore nitrogen ion
implantation was performed onto PCB drill (0.15 & 0.3 mm in diameter), in order to
investigate mechanical properties of WC-Co cermets surface through Nano-indentation
tests. PCB drill was implanted at energy of 70 keV, 90 keV, 120 keV and with the dose
range of 1x10"7 and 5x10" ions/cm® After ion implantation, WC-Co PCB drill bits was
tested in actual operating situation to apply cutting tools industry and is concluded that the
life time of nitrogen ion implanted PCB drills is one and a half times longer than the

unimplanted.
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1. INTRODUCTION

Cobalt cemented tungsten carbide(WC-Co) are used in
a variety of important industrial components and parts,
such as cutting tools, milling tools, mechanical face seals,
drills, punches, submersible pumps, and so on[l].
Coatings and ion implantation techniques are included in
the major surface modification techniques to enhance the
wear resistance of metal parts to abrasion. Coating
processing such CVD and PVD for cutting tools is
caused alteration of tool shape and dimensions as well as
abruption of intermixing between the bulk and the
treated layer. Therefore such coating processing is
inadequate method which is applied to the surface
treatment of the precision mechanical parts with
submicrometer tolerances. On the other hand, nitrogen
implantation in metals and metallic alloys generally
improves surface properties, with the objectives of
ensuring a low friction coefficient or surface hardening
and producing protective or anticorrosion coatings as
well as no influence on surface finish, tool shape and
dimension although shallow implanted depth[2].

For several decades, many previous works on ion
implantation of WC-Co have shown that Nitrogen
implantation can improve wear resistance and domestic
precision surface treatment technology, PVD or CVD, is

used to improve the life time of PCB drills but there are
some problems for the practical use because of margin
and adherence. Korea Atomic Energy Research Institute
developed implanters for industrial uses[3] and
equipment and technology was transferred to domestic
company in 2003.

And now, we can apply ion implantation technology
on the basis of upper experience for the improvement of
life time of micro (0.15 mm & 0.3 mm in diameter) PCB
drills.

2. EXPERIMENTAL

The simplest and most economical process for the
strengthening of metallic surfaces is by the ion
implantation of nitrogen which, being an elemental gas
does not require mass analysis due to beam current and
equipment price. But for this application, the inevitable
mixture of molecular, atomic and some fast neutral
species in the extracted beam is acceptable, and enables
the full output of the ion source to utilized[4]. Therefore,
it consists of a DuoPIGatron ion source[5], vacuum
system, diagnostic system, power supply, an accelerator
tube, target chamber and target cooling system. The
nitrogen beam current is up to 10 mA, 40 keV and
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accelerated up to 120 keV. The typical beam profile is
measured by a linear scanning system based on a
Faraday cup with 5 mm diameter. Figure 1 shows cobalt
cemented tungsten carbide drills (WC-Co, Co : 6 wt%),
0.15 and 0.3 mm in diameter which were used as
samples.
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Fig. 1. The sample of PCB drills.

(a) The collection of drills

(b) Jig fabrication for semi-mass production
(200ea drill cassette))

There are various hardening mechanisms of metal
parts. However, The XPS(X-ray photoelectron
spectroscopy) or XRD{X-ray diffraction) analysis results
indicate, the formed nitrides on surface play an
important role in the enhanced surface harness. Also, it
turned out that much more nitrogen ions were implanted
into the specimens in this work as compared with our
previous experiment[6]. The cleaned the WC-Co
samples with ultrasonic cleaner was implanted with
nitrogen ion at an energy of 70 keV, 90 keV, 120 keV,
beam intensity of 10 2HA/cmz, and with doses of 1 x 10"
and 5 x 10" jons/em”. Micro hardness tests were carried
out on a nano-indenter XP (MTS). Polished WC-Co
plate, diameter 6 mm by thickness 3 mm, was used for
the micro hardness and modulus tests. Ton implanted
WC-Co PCB drill bits have been tested in actual
operating situation. On the drilling, two circuit boards
(0.4t for 0.15 mm drill bit) and six circuit boards (0.4t
for 0.3 mm drill bit) are stacked one above the other for
field test of PCB respectively. Drills are refurbished
when the accuracy of punching is over 20 pum for the
highest board and 40 pm for the lowest board. One bit
drilled 6000 holes and we took a picture after 2000(0.15
mm in diameter), 3000 (0.3 mm in diameter) holes every
500 holes. The rate of rotation is 300 krpm for 0.15 mm
PCB drills and 200 krpm for 0.3 mm PCB drills. 10
piece of implanted and unimplanted drills were tested.

3. RESULT
In unimplantation, Fig. 2 shows about 2000 holes can

be drilled per a bit but the drills punching over 2000
holes are impractical because of the reduction in shank

diameter beyond acceptable limits. In Fig. 3, the result as

" a function of dose and energy shows that the most of the

micro-harnesses are improved than that of unimplanted.
The hardness improvement is due to the high
concentration of nitrogen in the implanted region at
depths between 25 and 50 nm below the surface. And an
effective hardness was increased of nearly 40 % in the
implanted region. From above results, it was expected
that the life time of PCB drill would be longer than other
experimental conditions because optimum hardening
occurs at 90 keV, 5 x 10" jons/cm’.
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Fig. 2. The Accuracy of of punching and the blade shape
change of unimplanted PCB drills.

(a) the accuracy of punching in the early stage

(b) the blade shape in the early

(c) the accuracy of punching after 2000 holes

(d) the blade shape after 2000 holes punching
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Fig. 3. The hardness for unimplanted and nitrogen ion

implanted WC-Co with does and energy versus nano-
indentation depth.



208

But a condition of 120 keV energy is more effective to
improve the punching life than 90 keV energy in the
actual field test with Table 1. It is figured out that the
surface of PCB drill is easy to brittle due to improving
surface under conditions (90 keV, 5 x 10" jons/cm?). As
a result with Table 1, the optimum experimental
condition is obtained when the specimen was implanted
with 120 kV energy and is a 1.5 times larger durability
than those the non-implanted. The Fig. 4 shows the blade
shape change and accuracy of punching of unimplanted
and implanted drill at energy 120 keV. As shown in this
figure, implanted drill was enhanced the life time up to
4500 punching comparing with unimplanted drill.

Table. 1. The results of field test.

Field test ( quantity x 1000)

Energy 0 T0keV 90 keV 120 keV

Dose 0 1x107 | 5x10V7 1x107 | 5x10Y7 1x107 | 5x10Y7

Angle 0 0o | 259 0° | 2594 Q° | 25°| 0° | 25°| Q° ! 250 0° | 25¢
0.15mm -
300 krpm 3.5 - 4.0 - 40145 [45(35(20 301453540
0.30 mm
200 kipm 35 - |45 - | 451303030 45|501806| - |30
0.30 mm <
160 krpm 3.0 - 3.0 - 3013030 (30|30 | 4513535 |30

(b) 0.3 mm in diameter drill bits, 200 krpm, 0.4t PCB, 6000 Hits
5000 hits

3000 hits 4000 hits

Shape

Initial bit

Accuracy

Shape
120keV
1x10Y7

(ions/cm?)

Accuracy

Fig. 4. The blade shape change and the accuracy of
punching of unimplanted and implanted PCB drills at
energy 120 keV, 1 x 10" ions/cm®, 0.4 t PCB, 6000 hits.
(a) drill bits of 0.15 mm in diameter, 300 krpm

(b) drill bits of 0.3 mm in diameter, 200 krpm

The adherence strength is also very important because

of the reduction in shank diameter by high-speed rotation.

And the surface treatment thickness by ion beam
implantation doesn’t matter for ultra-precision industrial
tool because ion implanted region in 120 keV energy is
depth several hundred nm below the surface. So, ion
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implantation, which makes no change in manufacturing
margin and is a good method for adherence, is efficient
way to improve life time of a PCB drill. There is a little
difference in between the result of nano-indentation data
and field test data of PCB drills. But the most of
implanted PCB drills’ life time increased. And ion
implantation can be used as the last process. A precision
instrument design technique and ion source optical
design technique are needed to manufacture ion source.

4. CONCLUSION

WC-Co tools were implanted with nitrogen and tested
in practical applications. Nitrogen ion implantation can
increase the surface hardness of PCB drills. The
implanted PCB drills appear to last more than 1.5 times
longer than unimplanted. 200 PCB drills were ion
implanted successfully at the same time for semi-mass
production process.
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