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Development of Multi-Axis Ultra Precision Stage for Optical Alignment

S. H. Jeong*, K. H. Lee’, G. H. Kim™, K. R. Cha™, H. U. Kim"™", S. B. Choi"",
J. H. Park’™™

IF Abstract JL

As optical fiber communication grows, the fiber alignment become the focus of industrial attention. This greatly influence
the overall production rates for the opto-electric products. We proposed multi-axis nano positioning stage for optical fiber
alignment. This device has 3 DOF translation and sub nanometer resolution. This nano stage consist of 3 PZT-driven flexure
stages which are stacked parallel. The displacement of it is measured with capacitance gauge and is controlled by
computer-embedded main controller. The design process of flexure stage using FEM is proposed and the performance evaluation
of this system is verified with experiments.

Key Words : Optical fiber Alignement(F3), PZT Actuator(Q}A Mo olE]), Flexure(EH331Al), Capacitance gauge(XA-2FE
AlAY), FEM(3-3ta4H), Resolution(E3]%), Travel(o]442))
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Fig. 1 Schematic Diagram of Precision Positioning System
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Fig. 2 Mechanism of Flexure
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Table 1 Input Condition for FEM

Mesh

Mesh Type Solid Mesh

Mesher Typer Standard

Element Size 0.86977 mm

Tolerance 0.0043489 mm ok

Nodes 95441 ‘

Elements 65610 {(a) Stress in Z-Axis Flexure
Properties Fig. 3 Stress Analysis with 100 gm Input

Elastic Modulus

7.2e+10 N/m'

Poisson's Ratio

0.34

Shear Modulus

2.7e+10 N/m

Density

2800 kg/m®

Yield Strength

6.8 e+08N/m’

Boundary Condition

- Force on Face 42H(PZT Actuator) : 16 N
- Displacement on Face 2186 : 100 i
- Fix on Face 2068 with 6 DOF
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(a) Stress in X-Axis Flexure
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{a) Displacement in X-Axis Flexure



(b) Displacement in Y-Axis Flexure
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(c) Displacement in Z-Axis Flexure
Fig. 4 Displacement Analysis with Applying force
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Table 2 Input Condition for Frequency Analysis

Mesh

Mesh Type Solid Mesh
Mesher Typer Standard
Element Size 0.0033005 m
Tolerance 0.00016503 m
Nodes 43412
Elements 24550
Property

Elastic Modulus 7.2e+10 N/m2
Poisson’s Ratio 0.34

Shear Modulus 2.7e+10 N/m2
Density 2800 kg/m3
Yield Strength 6.8 e+0O8N/m2

Boundary Condition

- Force on Face 917 &965(PZT Actuator) : 100 N

- Fix on Face 115 with 6 DOF

Table 3 Frequency Analysis of Multi-Axis Ultra Precision

Stage
Mode| Frequency (Hz)|] Mode | Frequency (Hz)
1 156.18 6 1385
2 189.69 7 1936.4
3 431.59 8 1946.4
4 812.] 9 2759.1
5 975.04 10 38434

(b) 1st Mode Shape

(c¢) 2nd Mode Shape
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(d) 3rd Mode Shape (e) 4th Mode Shape
Fig. 5 Mode Shape of Multi-Axis Ultra Precision Stage
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Fig. 6 Multi- Axls Ultra Precision Stage

Table 4 Resolution and Travel of Multi-Axis Ultra Precision

Stage
Axis Resolution Travel
X 31 nm 97 m
Y 25 nm 99 um
Z 32.5 nm 93.25 im
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(a) Resolution of X-Axis
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(c) Resolution of Z-Axis
Fig. 7 Resolution of Multi-Axis Ultra Precision Stage
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(a) Travel of X-Axis
2004/67/0¢ 18:10:05 @u Marwa i
Stopped. ; - i tl:!ﬂxzs . Seflin

T H T RS T (6 §
. . 1.98 Udfv
[N Lo LI
| ozage ows F
- : fato
T i sy
i LR
bed 380. 900
I 3. 960080

(b) Travel of Y-Axis
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(c) Travel of Z-Axis
Fig. 8 Travel of Multi-Axis Ultra Precision Stage
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