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A Study on Machining of A V-groove on the Optical Fiber Connector Using
a Miniaturized Machine Tool

Jae-Ha Lee, Seong-Ryeong Park’, Seung-Han Yang” and Young-Moon Lee”™

ABSTRACT

As optical communication is being substituted for telecommunication, the demand of a large variety of fiber optic
components is increasing. V-groove substrates, one of the module components, are used to connect optical fibers to
optical planar circuits and to arrange fibers. Their applications are multi-channel optical connectors and optical wave-
guide fiber coupling, etc. Because these substrates are a critical part of the splitter in a multiplexer and a multi fiber
connector, precise and reliable fabrication process is required. For precisely aligning core pitch between fibers,
machined core pitch tolerance should be within sub-microns. Therefore, these are generally produced by state-of-the-art
micro-fabrication like MEMS. However, most of the process equipment is very expensive. It is also difficult to change
the process line for custom designs to meet specific requirements using various materials. For various design
specifications such as different values of the V angle and low-priced process, the fabrication method should be flexible
and low cost. To achieve this goal, we have suggested a miniaturized machine tool with high accuracy positioning
system. Through this study, it is shown that this cutting process can be applied to produce V-groove subtracts. We also
show the possibility of using a miniaturized machining system for producing small parts.
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Fig. 1 Dimension of V grooves to be machined
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Fig. 2 Core offset by misalignment between transmitting:

and receiving fibers
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Table 1 Some information for controller and PZT

. Motion board DS1104
Motion

Company dSPACE(Germany)
controller

Axis 3 PWM Channel

Model Navy II type PZT

PZT Piezoelectric
. . 0.39[nm/Volt]

actuator | Strain Coefficient

Piosson’s ratio 0.31
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Fig. 5 Block diagram of overall control system
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Fig. 6 SEM photo of diamond tip

Table 2 Properties of materials

caft?;zll;te Silicon
Moduise | 2397 | yode | 9030Ps
T S e | 2|
Hanoss | M5 | vrness | O0HY

Table 3 Summary of cutting parameters

Materials Polycarbonate, Silicon

Cutting speed[mn/s] 0.25/0.67/1.43

Depth of cut{m] 2/6
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Fig. 7 Front view of machined grooves on polycarbonate Fig. 10 SEM photo of the broken tool
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Fig. 8 Close-up view of groove shape

Fig. 9 Lateral view of machined V grooves on (a) Focusing on the surface
polycarbonate(0.67 mn/s, 2 ;m)
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(b) Focusing on the center line

Fig. 11 Front view of machined grooves on silicon
material (0.67 mn/s, 2 1)

(a) At 0.25 mn/s cutting speed and 2 ym depth of cut

(b) At 1.43 mn/s cutting speed and 2 ym depth of cut

Fig. 12 SEM photo of a groove on silicon material
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Table 4 Summary of results

Materials Polycarbonate

Cutting
speed
[mm/s]

0.25 0.67 1.43

Depth of

cut [sm] 2 6 2 6 2 6

Time

[min] 8.8

67.5 23 25.8 125 | 43

+0.6
0-
0.85

Lateral
variation

[1m]

+0.6
5-
0.85

+0.10
-0.20

+0.10
-0.25

+0.10
-0.20

+0.05-
0.20

Surface

integrity Bad

Good | Good | Good | Good | Bad

Materials Silicon

Cutting
speed
[mm/s]

0.25 0.67 1.43

Depth of
cut [m]

Time

[min] 35

68 351 | 255 | 13.4 [ 138

Lateral +0.1 | +0.1

variation
{1m]

+0.15
-0.6

+0.05-
0.35

+0.05
-0.35

+0.10

0.55 105 | 1.10

Surface

integrity Bad

Good | Good | Bad Bad | Bad
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