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Design of an Endoscopic Microscope Objective Composed of
GRIN(Gradient-Index) Lens with Scanning Devices
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We present an attractive real time in-vivo endoscopic microscope with a resolution of submicron, in which two kinds of optical

correcting plates are inserted to eliminate higher order spherical aberration and field curvature. And, since the conventional
objective lens is replaced to GRIN lenses with diameter of 1 mm, the above endoscopic microscope can be effectively utilized

to invade minimally for live animals.
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FIG. 1. Typical type of GRIN objective lenses for endoscopic
microscope. GRIN lenses are composed of three parts which
perform collimating, relay, and focusing function, respectively.
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FIG. 2. Typical type of under-corrected spherical aberration for
GRIN Ienses.
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FIG. 3. A converging beam incident to plane parallel plate (or
plane optical block) in which a converging beam splits
onto optical axis to make over-corrected spherical aberration
by optical path difference.
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FIG. 4. Over-corrected spherical aberration by the interaction of a
converging beam and plane parallel plate.
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FIG. 5. Schematic description of a converging beam incident to
the concave-plane optical block.
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FIG. 6. An endoscopic microscope objective composed of GRIN
lenses with scanning devices. Note that the collimated beam
from scanner is converged by the module lens of CODE
V in a ideal way.
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FIG. 7. The diameters of encircled energy on the image surface
within which fixed percentages of light energy are contained.
Where, Off-axis means the end point of off-axis, that is,
the edge point of scanning area.
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FIG. 8. Field Curvature caused by focusing GRIN lens.
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point of the whole GRIN lenses which are composed of
collimating, relay, and focusing element, respectively.
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FIG. 10. An endoscopic microscope objective composed of GRIN
lenses with scanning devices. Note that the collimated
beam from scanner is converged by the real microscope
objective.
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Where, Off-axis for 1.0 means the end point of off-axis,
that is, the edge point of scanning area.
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TABLE 1. The design data of an endoscopic microscope objective composed of GRIN lenses

# R(mm) T (mm) Glass Element

1 -0.754 0.5354 1.489603 'PMMAO' Aberration Correcting
2 plan 0 Block

3 plan 1.3913 'ILH' Collimating
4 plan 0 GRIN Lens
5 plan 12 'GRINTECH' Relay

6 plan 0 GRIN Lens
7 plan 1.6528 'ILH' Focusing

8 plan 0 GRIN Lens
9 plan 0.25

10 plan 0 Image Surface
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