inted circuit board (PCB) ma-

hining has becomeincreasingly

harder, which necessitates the

need to optimize high-perfor-

mance PCB cutting tools, such as drills

and routers, by improving the base mate-

rial - the high-grade tungsten carbide -

and the geometric design of the cutting

edges and flute. In addition, the drilling

spindles used on the computer numerical

control (CNC) machines need ultra-high

revolution per minute (RPM) capability

to help reduce breakage, especially when

using ultra-micro drills of <¢0.1mm and
routers at <¢p1.0mm.

To achieve high performance, mater-
ial-specific parameters are needed to com-
pensate for the different laminate charac-
teristics that can affect the result. By fol-
lowing these key points, it is possible to
achieve process improvement in the
drilling process. At the same time, de-
mands on cost reduction require the stack
height of PCBs to be increased and ex-
tend the tool’s operating life. These fac-
tors have been the mgjor driversin PCB
tool development.

To meet these continuing demands,
Union Tool has developed a revolution-
ary, high performance, longer life tool
that suits mass production by applying
carbon coated technology. Thisis simi-
lar to Diamond-like carbon (DLC) coat-
ing and/or diamond coating of chemical
vapor deposition (CVD) processto PCB
tools.

Table 1: Kinds of carbon coat and their
application

Type ULF (DLC) Diamond

High lubricant properties
Low affinity with non-ferrous
material

Applicable PCB drill
Tool Non-Fe material routers

Feature High hardness

PCB router

« Improve chip evacuation

* Non-adhesive to Cu, Al

« Reduce cutting torque

- Improves cutting performance

Improves wear

Mechanism N
resistance

« Improves breakage resistance
for ultra-micro drill and high
aspect ratio drills

« Improves HWQ

« Improves cutting performance
and tool life for drills and
routers for non FE material

Enhanced longer life,
high accuracy is also
achieved due to
reduced cutting edge
wear

Main
Effects

Union Tool’s Garbon Coating
Technique Innovates PGB Tools

Substrate: MCL-E-679FGM t0.1 x 7, Chipload: 10 um/rev

10,000

8,000

Effects of ULF Coating 6000

With DLC, itis p0$ble : 4,000
to obtain various mechani-
cd characteristicsusing var-
ious coating formation meth- 0
ods. However, Union Tool
succeeded in optimizing the
DL C coat-forming method
that has both durability and
high lubricant properties,
sustainable for use in PCB machining ap-
plications. Thisproduct iscommercialized
asthe Uniontool Lubricant Film (ULF) coat.

Table 1 shows the carbon coating type
and application to the PCB tool. The ULF
coating contributes remarkably to thetool's
improved performance, especially for ap-
plicationsusing ultra-micro diameter drills,
with an aspect ratio of more than 20:1.
Router bitsalso improved in performance
when routing non-ferrous materials.

Among the many positive effects of the
ULF coated drill include greatly improved
resistanceto breakage on ultrasmicro drills
of around $0.1mm.

Fig. 1 showsthe comparison resistance
to breakage of an uncoated drill and ULF
coated drill (¢0.1mm). In this example,
the geometry and the material of the drill
are identical. In addition, the drilling is
conducted with various spindle speeds un-
der aconstant chipload of 10pm/min. The
uncoated drill breaks easily at alow spin-
dle speed due to the lack of appropriate
surface velocity. This causesweaker chip
evacuation, which increases the cutting
torque. In contrast, the ULF coated drill
resists breakage at thislow spindle speed.
Thisresistance is believed to come from
the high lubricant properties of the ULF
coating.

These lubricant properties of the ULF
coating also resist material adhesion when
machining non-ferrous materialsas shown
inFig. 2. Although the cutting tool (router)
is specifically designed to machine non-
ferrous material's, serious adhesion can be
observed on the cutting edges and in the
flute of the uncoated router during the ma-
chining of aluminum panels. As the cut-

[hits]

2,000

Non

Infeed rate
Spindle speed

3.0 m/min
300 krpm

4,338
I 1,297 5*?
cj = o
ULF Non ULF Non ULF

1.6 m/min
160 krpm

2.0 m/min
200 krpm

Fig. 1: Improvement of breakage resistance using the ULF
coating $0.1mm drill

RAU (ULF coated)

RA (Un coated)

ULF coated Un coated

Work: Aluminum t1.0 x 1, Spindle speed: 28 krpm, Feed rate: 0.4 m/min

Fig. 2. Reduced material adhesion using
the ULF coating when machining
aluminum material (¢2.0mm router)

ting edgeiseffectively blunted by the build-
up of material, a burr is generated on the
edges of the slot. The photograph of the
dot istaken after 2.0m of routing. Clearly,
the lifecycle of the tool ends as the level
of burring is beyond the acceptable spec-
ifications. When aULF coated tool isused,
thereisalmost no material adhesion of the
aluminum material, enabling much longer
tool life, asthetool remains sharp and un-
clogged even after 10m of routing. This
non-adhesion effect isalso significant when
machining copper, which is also non-fer-
rous. Fig. 3 shows the high-speed camera
image of ¢$0.25mm drilling on at0.5mm
thick copper panel. The un-coated drill
broke at the first hit, whereas the ULF
coated drill achieved 2,000 hits without
breaking. Here, the non-adhesion effect of
ULF coating is shown for the drill break-
age resistivity. This non-adhesion effect,
therefore aso improvesthe machining per-
formance on PCBs made of copper layers,
as well as the chip evacuation. It can be
concluded that thissignificantly influences
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thedrill breakage resistance and improved
hole wall roughness on PCBs.

ULF Coating Application

Asan example, in Fig. 4, ahigh aspect
ratio drilling application on at0.4mm sub-
strate stacked 6 high, using a$0.20 x 4mm
drill (aspect ratio 20:1), isatypica appli-
cation for aULF coated drill. With thiskind
of increased stack height, the total quality
requirement, including hole registration
accuracy and hole wall roughness, is dif-
ficult to improve using an uncoated drill.
Increasing therigidity of thedrill may im-
provethe hole registration accuracy, how-

ULF coated

Uncoated

Broken at first hit
Work: Copper t0.5 mm x 1, Spindle speed: 100 krpm,
Feed rate: 1.5 m/min

Achieved! 2 000 hits

Fig. 3: Breakage resistant effect of ULF
coating on machining of copper panel
(6$0.25mm drill)

ever, ontheother hand, the New ard repoint
chi P evacuation gaSWOFSE g0, Substrate: MCL-E679FGR t0.4mm x 6 panels ,TI
leadi ng to bad hole wall 50 6,000 hits 6,000 hits x 4 times use [® Avg. + 35
= o

roughness. To target this <, | & I
kind of high precisonma- =, LSNIN i I

.. . . @
chiningwith ahigh aspect  : —e——
ra‘n 0, the ta:hr"que Of ap_ Ed . cg:\;gﬂ::)e:al Better and stable positioning accuracy
pl z_l nﬁlthe_ Uld_ Z Cﬁa(tjl ngto | mocified gesmetry cri K
angnly rigi I esign
enabl eS | mproved Ch| p New New re:)(s)znt rezprgijm re?){)dint
evacuation that givesgood
h0| e WaI | roughne$ Spindle speed: 200 krpm, Feed rate: 3.2 m/min

Therefore, the ULF coat-
ing makesit possibleto do
high precision machining
that was difficult to achieve
with an uncoated drill onthe stack heights.

Together, the examples above clearly
show that the application of the ULF coat-
ing onto aPCB drill, at around $0.1mm,
can beacommercial successand isprov-
ing so as a product for package substrate
machining. Union Tool’s customers have
already verified at mass production the
advantage of improved resistance to break-
age when drilling ultra-micro holes as
shownin Fig. 1.

6,000th hit)

Fig. 4: $0.2 x 4mm ULF coated high-rigidity drill performance
[left: hole registration accuracy; right: HWR (around the

Future Prospects

The revolutionary ULF coating is
proven effective in the following appli-
cations: ultra-micro drilling below
$0.2mm for package substrate; high-pre-
cision machining for higher stack heights
at ¢$0.15 to 0.25mm; drilling flexible
PCBSs; high copper-layer multilayer PCBs;
and drilling and routing of aluminum ra-
diator panel for LED technology; h|gh

current, thick copper panels.
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