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Study of a New Type of Laser Microscope with Wide Field of View Using a Shrink Fitter

Isami NITTA, Akihiro KANNO, Michiya OKAMOTO and Yasushi NAGAOKA

A shrink fitter is a ring-shaped new machine element to join mechanical components with different
coefficients of thermal expansion. As an application of the shrink fitter several optical lenses were shrink-
fitted in a lens-barrel using the shrink fitter. The optical axes of the several lenses in the lens-barrel agreed
with each other regardless of changes in room temperature. The scanning lens assembled by the shrink fitter
could focus the laser light well even over a wide scanning width. If such a scanning lens was incorporated into
a laser microscope, object surfaces could be observed over a wider area, compared with the conventional
microscope. In this study we have developed a new type of laser microscope with a field of view of 10 by 8 mm.
The pixel number in the laser scanning direction of 10 mm was 20,000 and 16,000 in the perpendicular
direction of 8 mm. Thus, one field of view of this laser microscope has 320,000,000 pixels. The observation
result of some surfaces by this laser microscope are reported.
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Fig.1 Relationships between resolution and field of view
on various types of microscopes and cameras
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Fig.2 Layout of the developed laser microscope
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Fig.3 Overview of the developed laser microscope
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Table 1 Optical properties of the 6 lens

Effective Focal Length 27.3mm
Back focallength 32.9mm
Wave length 405nm
Spot size approx. ®2pm
Scanning width 10mm

Table 2 Sizes of each lens [mm]

Lens No. |Radius of Radius of Diameter
curveture (in) |curveture (out)
L1 -12.28 -75.6 25
L2 -57.44 2760 25
L3 -53 -20.44 25
L4 210 -28.88 28
L5 35.8 56.2 28
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Fig.4 f6 lens wit the shrink fitter
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Fig.5 Measured position of optical axis of each lens
S1: optical axis on incident side,
S2: optical axis oninjection side
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d : diameter of laser spot

A : wave length
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Fig.6 Spot sizes as a function of scanning position,
calculated from the optical design soft, code V
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Fig.8 Spot sizes as a function of scanning position,
obtained from the experiment (405nm)
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Fig.9 Spot sizes as a function of scanning position in case of various
temperature, obtained from the experiment (650nm)

(a) test chart for line widths of 0.8 pm to 1.2 pm
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(b) measured resolvable line widths

Fig.10 Resolvable line width as a function of scanning position,
(a)test chart and (b) measured results
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(a) a CPU chip without a top cover

Ty

(b) a CPU circuit image obtained with the laser microscope

Fig.11 a CPU circuit and the images obtained the laser microscope
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(a) an aspheric lens observed with the laser microscope,
10mm X 8mm

(b) a magnified image of the portion of a white rectangle in Fig.12(a)

Fig.12 an aspheric lens of CCD camera for a cellular phone
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(a) a cover glass observed with the laser microscope,
observed area’ 10mm X 8mm

(b) a magnified image of the portion of a white rectangle in Fig. 18(a)

Fig.13 a cover glass for an optical microscope
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(a) an upper surface of an alumina ceramics faucet

®) W ©

Fig.14 an Alumina ceramics faucet,
(a)an appearance of the faucet, (b) a magnified
image of the portion of a white rectangle in Fig.
14(a), (c) a magnified image of the portion of a
white rectangle in Fig.14(b)
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