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The Effect on Image Quality of a Laser Scanning System with a Narrow Beam
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Abstract

Further improvement in image quality and the stability of
image quality is required if electrophotographic systems are
to find a greater place in the production print market. But
although a beam having a narrower diameter in a writing
optical system has promised to be effective achieving that
higher image quality and greater stability of image quality,
there are few reports of actual prototypes built or of the ef-
fects studied. To verify the effect of a narrow beam diameter
on image quality, we built a prototype optical unit which fo-
cused a 30-micrometer-diameter beam across the full width
of A3 paper, after which image quality was evaluated.

This report describes the configuration and performance
of our prototype optical system, and, as an example of the
effect of the narrow beam on image quality, it reports a re-
duction effect on the color difference caused by fluctuation
of the electrophotographic process.
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Fig. 1 Schematic of new laser scanning optics.
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Fig. 2 Calculated results of concentration index fluctuation with defo-
cusing distance. Concentration index is expressed in the intensi-
ty-weighted averaging distance from the center of gravity. The
smaller the beam size, the smaller the defocus allowance.
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Fig. 3 Schematic of light path after polygon mirror.
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Fig. 4 Schematic of light path before polygon mirror.
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Fig. 5 Schematic of new laser scanning unit.
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Fig. 6 Measured profile of exposure diameter of unit pixel on the evalu-
ation surface (@: Main scanning direction, O: Sub scanning di-
rection). Exposure diameter of unit pixel means 1/e? width of in-
tegral intensity distribution on the evaluation surface when the
beam is scanned in unit pixel length.
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Fig. 7 Experimental results of correlation between defocusing distance
and exposure diameter of unit pixel (@: Beam A in the main scan-
ning direction, O: Beam A in the sub scanning direction, A: Beam
B in the main scanning direction, /\: Beam B in the sub scanning
direction). Beams A and B are at both ends on evaluation surface.
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Table 1 Selected variable factors and their levels: each factor causes
color difference in the electrophotographic process.

Factors  Shape Number TIC* Background Power of Developing

Levels of screen  of lines margin  laser diode bias
1 Dot 130 Eﬁr?é; 4%  -30V -10% -30v
2 Line 270 gﬁﬁg 5%  Default  Default  Default
3 - ool 6w waov w10% w30V

*T/C: ratio between toner and carrier.
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Fig. 8 Evaluation pattern for color difference.
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Fig. 9 Results of L18 experiments for evaluation of noise influence,
which causes color difference. The larger the deviation from a
straight line with a slope of 1, the larger the color difference from
standard conditions. The 30 um diameter beam shows smaller
color difference caused by process variation than the 60 um di-
ameter beam.
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Fig. 10 Factorial effects comparison of 30 um and 60 um beam systems.
Conditions selected for the next confirmatory experiments C1,
C2,and C3 are marked as O, A, and [ respectively.
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Table 2 Sets of compounded noise factors in the confirmatory experi-

ment.
Factors 1o Background  Powerof  Developing
Levels margin laser diode bias
C1 5% Default Default Default
c2 6% +30V -10% -30V
c3 6% -30V Default +30V
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Fig. 11 Influences of compounded noise factors on color difference. Ef-
fect on reduction of color difference by decreasing the beam
diameter has been observed in 4 types of screen set.
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Fig. 12 Experimental gain in color difference by a decreased beam di-
ameter.
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Table 3 Measured value of the maximum color difference in each ex-
periment which differs in screen set and beam spot diameter.
Declining rate of the maximum color difference by decreasing
the beam spot diameter is also calculated.

60 ym beam 30 ym beam Declining rate
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