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Fig. 1 Index distribution on grin lens
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Fig.2 Ray coordinate in grin lens
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Fig. 3 Sinusoidal ray paths through a grin lens
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Fig. 4 Schematic diagram of differential confocal technique
with a grin lens. 1: light source; 2: PBS; 3: grin
lenss 4: object; 5: BS; 6. pinhole 13 7: detector 13
8:pinhole 2; 9; detector 2; 10; subtractor; 11; focus
crror signal
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Fig. 5 Theoretical curve of focus error signal and

dctector measurement signal
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Fig. 6 Schematic diagram of differential confocal detection
system using a gradient-index len. 1;He-Ne laser;2,
4, lens; 3: pinhole; 5; PBS; 6; A/4; 7: grin lens; 8;
object; 9: PZT310:PB; 11 collector; 12 pinholel 513
detectorl s 14: collector; 15 pinhole2; 16 detector2;
17 subtracter; 18: displacement sensor; 19; PZT

actuator and controller; 20 : computer
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Fig. 7 The rclationship between GRIN lens length

and its work distancc
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Fig. 8 Experimental curve of the focus error signal
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Fig. 9 Experimental curve of output noise of focus error
signal (¢) and detector signals [ detector 1-(a),
detector 2-(b) ]
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A Small Differential Confocal Optical Detection System Using
a Gradient-Index Lens

Tan Jiubin Zhang Jie
(Institute of Ultra-Precision Optical and Electronic Instrumentation Engineering ,
Harbin Institute of Technology, Harbin 150001)
(Received 10 December 2001; revised 29 March 2002)

Abstract: For super high precision non-contact measurement of miniature cavities, an optical
focus detection system is proposed based on a differential confocal microscopy. This system
combines a high axial resolution and absolute position traceability of a confocal microscopy
with a small gradient-index lens. The differential confocal principle and the system
configuration are presented. In this system, the small detector with 1 mm diameter is
obtained by a gradient-index lens, the noise produced by the light source intensity drift and
the detector electronic drift is eliminated, and signal-to-noise ratio and axial resolution are
increased by differential design of two detectors. Measurement made with 20° degree gauge
block, with a detector of 1 mm diameter, axial resolution is up to 5 nm.

Key words: optical measurement; differential confocal microscopy; gradient-index lens;
high resolution; non-contact measurement



