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=), VCM dynamic tilt (VCM SEEE)

In mobile phone cameras, usually a voice coil motor (VCM) is used as a micro-positioning device for the image autofocus
(AF) because of its low cost, simplicity, and reliability. Measuring the actual displacement of the VCM is important when we
assemble the camera and test the AF performance for distant objects. In this paper, we propose using a confocal
displacement sensor for calibrating the VCM displacement, where the axial chromatic aberration of a confocal objective lens
is used to measure the target position. The tolerance angle for the dynamic tilt of a VCM increased up to +15° because of
the large numerical aperture of the confocal objective lens, which increased the stability of the repeatable in-line inspection.
We compared the measurement robustness of the confocal displacement sensor with that of the laser displacement sensor
in a mass production line to verify its performance superiority.
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VCM dynamic tilt

25:00

O
2000

Y-tilt (arcmin)

15
1300

\
7
s

~
/!

s * )

s e
o
2
=
=
o

7
i
I}
¥
-25{0620| 06 15} 0§ 10/ 00~ 5.0020.0025.00
\ *

=

Semda

2

3

X-tilt (arcmin)

Fig. 1 Distribution of VCM dynamic tilt for camera module
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Fig. 2 AF displacement measurement method of a camera module
using a laser displacement sensor
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Fig. 5 Structure of confocal displacement sensor
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Fig. 8 Device configuration for testing the confocal displacement
sensor
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Fig. 9 Input intensity of light received on confocal sensor
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Fig. 10 Measurement results of input intensity of 1st lens surface

oo Yo EFe S4T Jejzoltt. o]F A R vA
(Peak) 92|17} ¥ dl=0] SIS 93l Eofe= Yo #3432
Uelll= Ao, dl=2o] F418 7o R 32 ¥ AN
=4 NS Xt YEOR 717 U 7HH o R olF Al7|HA
A WA w27t A Ee S 9] MY £ THs ke
= sl

T27 WY A &4 71 S 13 the, 1 37 Yol

A 2] dnit AU o] 2ol XS WEstdc. 4F %
Be AAS BE WD 300 mE oA, Big] Ak}



January 2018/75

X [um] -550 -500 -400 -300 -200 -100 0 +100 | +200 | +300 | +400 | +450
Y [um] 0 0 0 0 0 0 0 0 0 0 0 0
Intensity
3 0.68 0.68 0.80 0.64 0.88 112 112 1.00 1.00 1.08 0.68 0.28
[arb. Unit]
#1 [um] 299.7 | 299.16 | 299.74 | 299.85 | 299.36 | 299.73 | 299.62 | 299.56 | 299.58 | 299.64 | 300.05 | 261.36
#2 [um] 299.52 | 299.25 | 299.72 | 299.62 | 299.35 | 299.83 | 299.73 | 299.45 | 299.54 | 299.35 | 299.98 | 263.26
#3 [um] 299.36 | 299.52 | 299.45 | 299.45 | 299.46 | 299.49 | 299.59 | 299.52 | 299.67 | 299.35 | 299.79 | 299.16
#4 [um] 299.64 | 299.34 | 299.53 | 299.52 | 299.16 | 299.64 | 299.93 | 299.22 | 299.72 | 2939.44 | 299.82 | 263.21
#5 [um] 299.64 | 299.11 | 299.54 | 299.65 | 299.13 | 299.53 | 299.67 | 299.34 | 299.75 | 299.26 | 299.93 | 269.24
Max. Error [um]| 0.64 0.89 0.55 0.55 0.87 0.51 0.41 0.79 0.47 0.74 0.21 38.64
Avg. [um] 299.57 | 299.28 | 299.6 | 299.62 | 299.29 | 299.64 | 299.71 | 299.42 | 299.65 | 299.41 | 299.91 | 271.25
Stdev. [um] 0.13 0.16 0.13 0.15 0.14 0.14 0.13 0.14 0.09 0.15 0.11 15.88
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[arb. Unit]
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#2 [um] 299.43 | 300.04 | 299.92 | 299.74 | 299.64 | 299.73 | 299.46 | 299.36 | 299.74 | 299.67 | 589.13
#3 [um] 299.83 | 299.74 | 299.55 | 299.77 | 299.83 | 299.59 | 299.63 | 299.46 | 299.45 | 300.00 NG
#4 [um] 299.37 | 299.98 | 299.73 | 299.97 | 299.78 | 299.93 | 299.83 | 299.57 | 299.46 | 299.43 NG
#5 [um] 299.75 | 299.59 | 299.74 | 299.57 | 299.75 | 299.67 | 299.48 | 299.18 | 299.42 | 299.86 | 616.67
Max. Error [um] | 0.64 0.41 0.45 0.43 0.36 0.41 0.54 0.82 0.58 0.57 316.67
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Fig. 11 Measurement results of AF displacement for lens
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Fig. 12 Histogram of AF displacement measurement results
(Confocal method vs. Laser method)
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