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Development of Branch-type Light Guide in Scanner Lighting Module
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Abstract

In general lighting today, demands for energy saving,
emission efficiency, and lower costs continue to shift the
market from incandescent and fluorescent lighting to LED
lighting, including scanner light sources, where LEDs are
now mainstream.

Since 2008, Konica Minolta has lowered power consump-
tion by improving LEDs as MFP scanner light sources, most
lately culminated in a new branch-type light guide for the
scanner lighting modules found now in the bizhub 227/287/
C368 series, placed on the market in 2016. Presented here is
a branch-type light guide that achieves the lighting charac-
teristics required with a single LED.

Conventional scanner structure employs a pair of a light
guide and a reflector that illuminate the reading position
from both the left and right sides. But with conventional
structure, the characteristics of illumination distribution in
the sub-scanning direction differ between direct lighting
from the light guide and indirect lighting via the reflector.
This undermines stability in the combined direct and indirect
light. Further, illumination distribution in the sub-scanning
direction is highly susceptible to light guide and reflector
assembly errors, lowering production yield.

To avoid these drawbacks, we developed a branch-type
light guide that uses only a single LED. Combined with the
yearly-improving luminous efficiency of LEDs, this branch-
type light guide has won additional energy saving and cost
reduction. Our design strategy was to control the two param-
eters that determine the shapes of the light guide's branch
and cross-section. We optimized these parameters by apply-
ing the TM (Taguchi Method) and achieved a design that
robustly guards against LED position aberration. In addition,
the use of prisms to control illumination distribution resulted
in stabilized illumination distribution.

This new branch-type light guide has improved luminous
efficiency by 24 % in the bizhub 227/287 while satisfying all
other performance measures, significantly saving power and

contributing to environment safety.
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Fig. 1 Mirror and scan-unit scanners.
Mirror scanners (a) create images by using a lighting module to
transmit light through a series of mirrors and then through a lens
unit to a CCD sensor. Scan-unit scanners (b) create images simi-
larly, but modularize the lighting module, mirrors, lens, and CCD
sensor into a single scan unit.
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Fig. 2 Perspective view of optical system and lighting distribution.
Lighting intensity, strongest at the middle of the lamp, weakens
in accordance with the cosine 4™ power law as the ends of the
lamp are approached. Therefore, lighting distribution is designed
to gradually increase from the center of the lamp to its ends.
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Fig. 3 Light guide type and array type LED modules.
A light guide type LED modules consists of a light guide and
either a single LED or a small number of LEDs arranged on an LED
board. An array type LED module consists of a large number of
LEDs arranged on a long LED board.

Table 1 Light guide type and array type LED modules compared.

Light guide type Array type
LED module LED module
Number of LEDs 1-4 pcs 20-50 pcs
Lighting efficiency Good Excellent
Evenness of illumination Good Fair
Evenness of chromaticity Good Fair
Low heat generation Fair Good
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Table 2 Various light guide type LED modules.

(a) (b) (c) (d)
O O ) 7 Mirror
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Number of LEDs 4 2 1or2 1
Number of light guides 2 2 1+1 mirror 1

Left-to-right illumination
ratio of paired LED 5:5 5:5 6:4 5:5
module elements
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Fig.4 Channeling light rays in a branch-type light guide.
To avoid losing those light rays most perpendicular to the light
guide, a V-shaped notch channels that light down the two
branches of the light guide.
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Fig.5 It is desired that illumination distribution in the sub-scanning
direction remains constant in a certain area while, ideally, no light
falls on any other area. To achieve this segregation, a cross-sec-
tional shape was adopted so that light is condensed at the
rounded exit surface by rendering the bottom of the trapezoidal
section prism-shaped.
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(a) Response graph of standardized signal-to-noise ratio
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(b) Response graph of larger-is-better response
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Fig. 6 Taguchi Method (TM) response graph.
In Step 1, factors were chosen so that variation of the illumination
distribution is low even if the LED position fluctuates (a). In Step 2,
optimum conditions were selected so that there is more light
where required and less light where it is not required (b).
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Fig. 7 Bottom of light guide (enlarged).
The illumination distribution in the main scanning direction was
stabilized by placing no prism in the area of ray concentration (see
Fig. 4). The illumination distribution in the sub-scanning direction
is adjusted by arranging prisms at an angle of 6.
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Measurement results —— Simulation results
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Fig. 8 Illumination distribution in the sub-scanning direction of the
branch-type light guide used in bizhub 227.
Measurement results closely matched simulation results.

Fig. 9 Simulation of LED module Lighting.
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Table 3 Performance of conventional lighting module and of the light-
ing module in the new bizhub 227.
The optimization of parameters improved luminous efficiency

by 24%.
bizhub C754 bizhub 227
lighting module lighting module
Color scan speed 60 opm 36 opm
Lamp illumination intensity 42,000 Lx 23,000 Lx
Power consumption 6.6 W 29W
Efficiency 6,364 Lx/W 7,868 Lx/'W
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