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Abstract

We have developed 1200 dot-per-inch (dpi) lig
emitting-diode (LED) array chips for very-high-spe
electrophotographic printheads. The emitted lig
efficiencies of the 1200 dpi new LED array chips develop
in this study were one order of magnitude higher than th
of the 1200 dpi conventional GaAsP LED array chi
Temperature increases (�T) of the printhead using the 120
dpi new LED array chips operated at 12 pages per mi
(ppm) were very small, while those of the printhead us
the 1200 dpi GaAsP LED array chips were 50�C operated at
the same printing speed. �T of the new LED printhead a
120 ppm was estimated to be 30�C at most. Registering
error caused by thermal expansion of the printhead subs
was also estimated, and is small enough for 1200 
printing due to small temperature increases when used 
the new LED array chips. Performance tests show that
new LED array chips can be used for printhead applicat
requiring high resolution, high printing speed, and l
power consumption. The new LED array chips can 
applied for color electrophotographic printheads.

Introduction

High printing speeds are required for digital printin
Electrophotographic printers are most widely used for hi
speed printing in offices. Electrophotographic printers us
LED array chips seem to be more suitable for higher sp
printing than those using a laser diode, because LED a
chips can simultaneously expose the printing width o
photoconductive drum.

To increase printing speed, drive current of LE
should be increased to increase emitted light power
LEDs. Increasing drive current, however, increases po
consumption and temperature on the LED printhe
Special, large cooling systems are used to supp
temperature increases in high-speed printing.1), 2) Therefore,
it is necessary for high-speed LED printheads to incre
emitted light efficiency of LEDs.

We have developed new LED array chips with ve
high emitted light efficiency for high-speed printheads. T
paper focuses on temperature increases in the printhea
registering errors due to printhead temperature incre
when the new LED array chips are used for very-high-sp
printhead applications.
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Emitted Light Characteristics
of New LED Array

Figure 1 shows emitted light power versus drive curr
for the 1200 dpi new LED array chip and the 1200 d
conventional GaAsP LED array chip.3) The emitted light
power of the new LED array chips is ten times or more t
of the GaAsP LED array chips for the same drive curre
the emitted light power of the new LED array chips was
�W at a drive current of 3 mA, and that of the GaAsP LE
array chips 5 �W at the same drive current. Therefor
exposure time on a photoconductive drum is reduced to
tenth when the new LED array chips are used, enabling
new LED array chips to be used at much higher print
speed than the GaAsP LED array chips.
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Figure 1. Emitted light power versus drive current for the n
LED and the GaAsP LED arrays.

Figure 1 indicates that the drive current for the n
LED array chips is much lower than that for the GaA
LED array chips for the same emitted light power. Th
power consumption of printheads can be strongly decrea
using the new LED array chips.

 As shown in Fig. 1, emitted light power from the ne
LED array chips is well proportional to the drive current
the measured drive current range. The linear relation
between emitted light power and drive current is importa
because emitted LED light power on the printhead sho
be corrected to minimize emitted light power variation. T
5
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linear relationship results in appropriate emitted light pow
correction.

Temperature Increase of LED Printhead

Temperature Increase Measured at 12 ppm
Large printhead temperature increases adversely aff

printing quality.2) Emitted LED light power should decrease
with increasing printhead temperature. Thermal expansi
of a printhead substrate due to temperature increases ca
registering error. We measured temperature increases
printheads using the new LED array and the GaAsP LE
array chips.

 To measure the temperature increase (�T) in A3
printheads using the new LED array chips, we determin
the drive current (IF (new)) and the strobe time (tSTB (new)) to
print characters appropriately at 12 pages per minute (pp
where the strobe time is when LEDs are turned on. Wh
the GaAsP LED array chips were used, we used stand
values for the drive current (IF (GaAsP)) and the strobe time
(tSTB (GaAsP)) for 12 ppm. When the new LED array chip
were used, IF (new) = IF (GaAsP) � 1/6 and tSTB (new) = tSTB

(GaAsP) � 1/4 were used for 12 ppm. Figure 2 show
samples printed using the new LED array chips and t
GaAsP LED array chips. As shown in Fig. 2, charact
printing quality for the new LED array chips was equivalen
to that for the GaAsP LED array chips. From the resu
shown in Fig. 2, IF (new) and tSTB (new) used in the �T
measurement for the printhead using the new LED arr
chips are appropriate for printing characters.

(a) (b)

Figure 2. Printed samples: Micrographs of 9-point character
printed using (a) the GaAsP LED array chips and (b) the ne
LED array chips.

When �T was measured, no cooling fins were use
The ambient temperature was 30�C. The temperature on the
back of printhead substrates was measured using
thermocouple. During �T measurement, all LEDs on the
printhead were turned on for each line printing.

Figure 3 indicates �T versus time for printheads using
the new LED array chips and the GaAsP LED array chi
operated at 12 ppm. As seen in Fig. 3, saturated �T is only
6�C for the new LED array chips, while that for the GaAs
LED array chips is 50�C.
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Figure 3. Temperature increase (�T) versus time for printhed
using the new LED array and the GaAsP LED array ch
operated at 12 ppm.

Thus, the power consumption of the printhead using
new LED array chips is low enough for small �T. No large
cooler is needed when the new LED array chips are u
due to low power consumption.

��T Simulation at Higher Printing Speed
To simulate �T versus time for the printhead using t

new LED array chips operated at higher printing speed 
100 ppm, we measured �T of the printhead using the ne
LED array chips under operating conditions roug
equivalent to 120 ppm printing operating conditions. W
did this measurement under operating conditions of IF = IF

(GaAsP) and tSTB = tSTB (120 ppm) � 10 every 400 �s, where
tSTB (120 ppm) is the appropriate strobe time for 120 p
printing estimated from IF (new) and tSTB (new) at 12 ppm. In
this measurement, all LED array chips on the printh
were turned on for tSTB (120 ppm) � 10 every 400 �s. This is
roughly equivalent to the operation that all LED array ch
on the printhead are turned on for tSTB (120 ppm) every 40
�s for line printing speed at 120 ppm.

Figure 4 shows �T versus time for the printhead usin
the new LED array chips in measurement for �T simulation
at 120 ppm. As indicated in Fig. 4, �T was only 30�C with
no cooler, smaller than �T of the printhead using the GaAs
LED array chips at 12 ppm. �T can thus be decreased usi
the new LED array chips even at very high printing spe
such as 120 ppm. No large cooling system is needed 
the new LED array chips at high speed. Note that 
GaAsP LED array chips cannot be used in printhe
operated at high printing speed, such as 120 ppm, wit
large cooling systems because of the large drive current2)

Registering Error
Because �T of the printhead operated at high printin

speed is expected small using the new LED array ch
thermal expansion of the new printhead substrate mus
smaller compared to the GaAsP LED printhead whe
small cooler is used. Thermal expansion of the printh
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substrate due to temperature increase causes light 
registering error on a photoconductive drum, where hig
accurate light spot registering is required, especially in c
electrophotographic printers.1), 4) Registering error of the
1200 dpi printhead substrate should be restricted with
pitch of LED array of 21.2 �m. In Fig. 5, straight line
indicates the calculated registering errors versus �T for the
A4 1200 dpi LED printheads when no coolers 
printheads are used; the circle indicates the calcul
registering error of the new LED printhead operated a
ppm, the diamond that at 120 ppm, and the square th
the GaAsP LED printhead at 12 ppm. �T of the printheads
deduced from Figs. 3 and 4 were used to calcu
registering error in Fig. 5. The hatched area indicates
permissible registering error range, within 21.2 �m.
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Figure 4. Temperature increase (�T) simulation for printhead
using the new LED array chips at 120 ppm.

On the printhead substrate, LED array chips 
appropriately spaced between each other. In calculatio
registering error of the printhead, we assume that the s
between LED array chips expands with the ther
expansion coefficient of the printhead substrate and
regions under LED array chips expand with the ther
expansion coefficient of the LED array chips.5) As shown in
Fig. 5, for the new LED printhead, registering error
negligible for a printing speed of 12 ppm, and is roug
equal to the limitation of the permissible range for 120 p
From registering error estimation in Fig. 5, we conclude 
printhead registering error using the new LED array chip
small enough for 1200 dpi printing even if no large coo
are used. Although the estimated registering error for
printhead using the GaAsP LED array chips at 12 ppm
not far from the limitation of the permissible range, a sm
cooler is not sufficient for cooling the printhead to obt
smaller registering error when the GaAsP LED array c
are used.

In color electrophotographic printers, the tand
configuration is advantageous to high-speed printing.4) It is
necessary to use four printheads for the tand
configuration. Because printheads coolers can be very s
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when the new LED array chips are used, the new LED a
chips are expected to reduce color printers size.
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Figure 5. Simulation for registering error versus �T caused by
thermal expansion of printhead substrate.

Conclusion

We have developed the 1200 dpi new LED array ch
whose emitted light efficiency is ten times or more that
the 1200 dpi conventional GaAsP LED array chips. T
new LED array chips can be used in very-high-spe
printheads. Printhead temperature increases are m
smaller using the new LED array chips than using 
conventional GaAsP LED array chips due to much low
power consumption. Registering error caused by ther
expansion of printhead substrates will be very small us
the new LED array chips even when no large cooler is u
at high printing speed.

For high printing speed, low power consumption, a
high resolution, we conclude that the new LED array ch
are highly promising for color electrophotograph
printhead applications.
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