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Abstract Emitted Light Characteristics
of New LED Array
We have developed 1200 dot-per-inch (dpi) light-
emitting-diode (LED) array chips for very-high-speed Figure 1 shows emitted light power versus drive current
electrophotographic  printheads. The emitted lightfor the 1200 dpi new LED array chip and the 1200 dpi
efficiencies of the 1200 dpi new LED array chips developeaonventional GaAsP LED array chipThe emitted light
in this study were one order of magnitude higher than thoggower of the new LED array chips is ten times or more that
of the 1200 dpi conventional GaAsP LED array chips.of the GaAsP LED array chips for the same drive current;
Temperature increaseAT) of the printhead using the 1200 the emitted light power of the new LED array chips was 74
dpi new LED array chips operated at 12 pages per minutgWV at a drive current of 3 mA, and that of the GaAsP LED
(ppm) were very small, while those of the printhead usingrray chips 5uW at the same drive current. Therefore,
the 1200 dpi GaAsP LED array chips weréG@perated at exposure time on a photoconductive drum is reduced to one
the same printing speedT of the new LED printhead at tenth when the new LED array chips are used, enabling the
120 ppm was estimated to be°B@0at most. Registering new LED array chips to be used at much higher printing
error caused by thermal expansion of the printhead substragpeed than the GaAsP LED array chips.
was also estimated, and is small enough for 1200 dpi

printing due to small temperature increases when used with 100 —me“mf HH}””}””}HH}HH
the new LED array chips. Performance tests show that the 3 C ! :
new LED array chips can be used for printhead applications = 8o — —
requiring high resolution, high printing speed, and low g I ! 1 ; i
power consumption. The new LED array chips can be ° -  New LED array N
applied for color electrophotographic printheads. _.; 60 \ | g ]
= ! '

Introduction © 40 - © GaasP

High printing speeds are required for digital printing. € = : LEE? Ay
Electrophotographic printers are most widely used for high- ' 20 — ‘/ ]
speed printing in offices. Electrophotographic printers using = ! } L
LED array chips seem to be more suitable for higher speed 04 e R (AT

printing than those using a laser diode, because LED array
chips can simultaneously expose the printing width on a
photoconductive drum. Drive current | [mA]
To increase printing speed, drive current of LEDS
should be increased to increase emitted light powers d
LEDs. Increasing drive current, however, increases power=0 and the GaAsP LED arrays.
consumption and temperature on the LED printhead.
Special, large cooling systems are used to suppress Figure 1 indicates that the drive current for the new
temperature increases in high-speed printidigTherefore, LED array chips is much lower than that for the GaAsP
it is necessary for high-speed LED printheads to increaseED array chips for the same emitted light power. Thus,
emitted light efficiency of LEDs. power consumption of printheads can be strongly decreased
We have developed new LED array chips with veryusing the new LED array chips.
high emitted light efficiency for high-speed printheads. This As shown in Fig. 1, emitted light power from the new
paper focuses on temperature increases in the printhead arED array chips is well proportional to the drive current in
registering errors due to printhead temperature increase measured drive current range. The linear relationship
when the new LED array chips are used for very-high-speegletween emitted light power and drive current is important,
printhead applications. because emitted LED light power on the printhead should
be corrected to minimize emitted light power variation. The
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gure 1. Emitted light power versus drive current for the new
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linear relationship results in appropriate emitted light power 0 B L
correction. by F Without cooling ‘ ]
o, T0F Tl GaAsP LED (12 ppm) —J
Temperature Increase of LED Printhead T A VAR AU =
° B
o E
Temperature Increase Measured at 12 ppm g 50F oy E
Large printhead temperature increases adversely affect E P S =
printing quality? Emitted LED light power should decrease 7 E ‘ 3
with increasing printhead temperature. Thermal expansion 5 30~~~ 1~ New LED (12 ppm) =
of a printhead substrate due to temperature increases causeg = L E
registering error. We measured temperature increases of a. 20 ‘ ! ]
printheads using the new LED array and the GaAsP LED & qoff - oo Aot —
array Chlps' . | ‘ | ‘ |
To measure the temperature increaad)(in A3 0
printheads using the new LED array chips, we determined 0 500 1000 1500
the drive current (I(new)) and the strobe time,(f(new)) to Time [s]

print characters appropriately at 12 pages per minute (ppm),
where the strobe time is when LEDs are turned on. When. _ i i
the GaAsP LED array chips were used, we used standangure 3. Temperature increas@&T) versus time for prlnthed§
values for the drive current ((GaAsP)) and the strobe time USIng the new LED aray and the GaAsP LED aray chips
(.., (GaAsP)) for 12 ppm. When the new LED array chipsoPerated at 12 ppm.
were used, l(new) = | (GaAsP)x 1/6 and ¢, (new) =t
(GaAsP) x 1/4 were used for 12 ppm. Figure 2 shows  Thus, the power consumption of the printhead using the
samples printed using the new LED array chips and thgew LED array chips is low enough for small. No large
GaAsP LED array chips. As shown in Fig. 2, charactecooler is needed when the new LED array chips are used
printing quality for the new LED array chips was equivalentdue to low power consumption.
to that for the GaAsP LED array chips. From the results
shown in Fig. 2, I(new) and {, (new) used in theAT AT Simulation at Higher Printing Speed
measurement for the printhead using the new LED array To simulateAT versus time for the printhead using the
chips are appropriate for printing characters. new LED array chips operated at higher printing speed than
100 ppm, we measuresl of the printhead using the new
LED array chips under operating conditions roughly
equivalent to 120 ppm printing operating conditions. We
did this measurement under operating conditions. &f IL
(GaAsP) and f, = t, (120 ppm)x 10 every 40Qs, where
ts (120 ppm) is the appropriate strobe time for 120 ppm
printing estimated from.(new) and £ (new) at 12 ppm. In
this measurement, all LED array chips on the printhead
were turned on for.t, (120 ppm)x 10 every 40Qs. This is
roughly equivalent to the operation that all LED array chips
on the printhead are turned on for, {120 ppm) every 40
us for line printing speed at 120 ppm.
Figure 4 showaT versus time for the printhead using
. . o : the new LED array chips in measurementAdrsimulation
Figure 2. Printed samples: Micrographs of 9-point characters h L .
printed using (a) the GaAsP LED array chips and (b) the nevxf”‘t 120 ppm. As indicated in Fig. ‘.4]— was on]y 36C with
LED array chips. no cooler, sm.aIIer thafT of the printhead using the GaAgP
LED array chips at 12 ppmT can thus be decreased using
the new LED array chips even at very high printing speed,
When AT was measured, no cooling fins were usedsuch as 120 ppm. No large cooling system is needed with
The ambient temperature was°@0 The temperature on the the new LED array chips at high speed. Note that the
back of printhead substrates was measured using GaAsP LED array chips cannot be used in printheads
thermocouple. DuringA\T measurement, all LEDs on the operated at high printing speed, such as 120 ppm, without
printhead were turned on for each line printing. large cooling systems because of the large drive ctitrent.
Figure 3 indicatedT versus time for printheads using
the new LED array chips and the GaAsP LED array chipRegistering Error

(a) (b)

operated at 12 ppm. As seen in Fig. 3, saturafeds only BecauseAT of the printhead operated at high printing
6°C for the new LED array chips, while that for the GaAsPspeed is expected small using the new LED array chips,
LED array chips is 5TC. thermal expansion of the new printhead substrate must be

smaller compared to the GaAsP LED printhead when a
small cooler is used. Thermal expansion of the printhead
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substrate due to temperature increase causes light speihen the new LED array chips are used, the new LED array
registering error on a photoconductive drum, where highlychips are expected to reduce color printers size.

accurate light spot registering is required, especially in color
electrophotographic printefs.” Registering error of the
1200 dpi printhead substrate should be restricted within a
pitch of LED array of 21.2um. In Fig. 5, straight line
indicates the calculated registering errors verstigor the

A4 1200 dpi LED printheads when no coolers for
printheads are used; the circle indicates the calculated
registering error of the new LED printhead operated at 12
ppm, the diamond that at 120 ppm, and the square that of
the GaAsP LED printhead at 12 ppiil of the printheads
deduced from Figs. 3 and 4 were used to calculate
registering error in Fig. 5. The hatched area indicates the
permissible registering error range, within 2.
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Figure 5. Simulation for registering error versé§ caused by

40 thermal expansion of printhead substrate.
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‘ ! = We have developed the 1200 dpi new LED array chips
o @ e b3 whose emitted light efficiency is ten times or more that of
the 1200 dpi conventional GaAsP LED array chips. The
new LED array chips can be used in very-high-speed
printheads. Printhead temperature increases are much
smaller using the new LED array chips than using the
conventional GaAsP LED array chips due to much lower
. . ower consumption. Registering error caused by thermal
On the printhead substrate, LED array chips ar‘gxpansion of printhead substrates will be very small using

app_ropr.iately spaced betvyeen each other. In calculation f?ﬁe new LED array chips even when no large cooler is used
registering error of the printhead, we assume that the Spaﬁ?high printing speed.
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Time [s]

Figure 4. Temperature increas@T) simulation for printhead
using the new LED array chips at 120 ppm.

regions under LED array chips expand with the therm
expansion coefficient of the LED array chibAs shown in
Fig. 5, for the new LED printhead, registering error is
negligible for a printing speed of 12 ppm, and is roughly
equal to the limitation of the permissible range for 120 ppm.
From registering error estimation in Fig. 5, we conclude that
printhead registering error using the new LED array chips is’
small enough for 1200 dpi printing even if no large coolers
are used. Although the estimated registering error for thg
printhead using the GaAsP LED array chips at 12 ppm is’
not far from the limitation of the permissible range, a small
cooler is not sufficient for cooling the printhead to obtain
smaller registering error when the GaAsP LED array chips’
are used.

In color electrophotographic printers, the tandem,
configuration is advantageous to high-speed priritittgis '
necessary to use four printheads for the tanderg
configuration. Because printheads coolers can be very small
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For high printing speed, low power consumption, and

figh resolution, we conclude that the new LED array chips

re highly promising for color electrophotographic
printhead applications.
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