- REVISED
- VERSION*

_PCT

WORLD INTELLECTUAL PROPERTY ORGANIZATION
International Bureau

INTERNATIONAL APPLICATION PUBLISHED UNDER THE PATENT COOPERATION TREATY (PCT)

(51) International Patent Classification 4 :

GO6K 15/12 Al

(11) International Publication Number:

(43) International Publication Date:

WO 88/ 07729
6 October 1988 (06.10.88)

(21) International Application Number: . PCT/US88/00958

(22) International Filing Date: 29 March 1988 (29.03.88)
(31) Priority Application Number: 033,550
(32) Priority Date: 1 April 1987 (01.04.87)
(33) Priority Country: UsS

¢71) Applicant: EASTMAN KODAK COMPANY [US/US];
343 State Street, Rochester, NY 14650 (US).

(72) Inventors: PHAM, Hieu, T. ; 610 Plank Road, Webster,
NY 14580 (US). ZEISE, Eric, K. ; 7 Creekwood Lane,
Pittsford, NY 14534 (US). NG, Yee, S. ; 15 Great Gar-
land Rise, Fairport, NY 14450 (US). TSCHANG, Pin,
S. ; 883 Winona Boulevard, Rochester, NY 14617
(US). KIEFFER, Kenneth, D. ; 8 Pineridge Drive,
Rochester, NY 14624 (US).

(74) Agent: RUSHEFSKY, Norman; 343 State Street, Ro-
chester, NY 14650 (US).

(81) Designated States: DE (European patent), FR (Euro-
pean patent), GB (European patent), JP, NL (Euro-
pean patent).

Published
With a revised version of the international search report

Before the expiration of the time limit for amending the
claims and to be republished in the event of the receipt of
amendments.
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(57) Abstract

An improved printer apparatus (20) includes a seri-
es of point-like radiation sources (30), such as LED's, ar-
ranged in a row for exposing a recording medium. Logic
means (43) is provided for determining which of the
point-like radiation sources are to be selected for energiza-
tion. A cutrent driver means (49) includes means (44) re- -
sponsive to the logic means (43) to provide electrical cur-
rent to the radiation sources (30) selected. The current
driver means (49) includes a current mirror having a mas-
ter circuit (Q2, ql, 38) for generating a reference current
(Irgp) and a plurality of slave circuits (Q13, 30) for pro-
viding respective driver currents to the radiation sources
(30) selected for energization. The master circuit includes
a resistor (38) of the type that at least prior to adjustment
permits for substantially continuous adjustment of driver
current over a range of resistance values. Two independ-
ent power supplies (P}, P,) are provided to the print head.
One power suppply (P;) provides electrical energy for the
logic device at a fixed voltage suitable for the logic de-
vices. A second power supply (P;) provides the electrical
energy for illuminating the point-like radiation sources.
Thus, power to the logic devices is isolated from noise
generated during energization of the point-like radiation
sources. An adjustable variable voltage is provided by this
second power supply to permit for flexibility in adjust-
ment of the currents to the point-like radiation sources.
This variable voltage may be adjusted in response to aging
of the LED’s or temperature of the print head.
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PRINTER APPARATUS
BACKGROUND OF THE INVENTION
The present invention relates to recording

apparatus for recording images on a moving radiation
sensitive member and, more particularly, to printer
apparatus for use therewith. '

In the prior art as exemplified by U.S. Patent
No. 4,571,602 printér apparatus is described which
comprises a multiplicity of individually addressable
and energizable point—like radiation sources, such as
LED's, arranged in rows for -exposing points upon a
photoreceptor during movement thereof relative to and
in a direction normal to the rows. Driver circuits
are provided for simultaneously energizing the
radiation sources responsive to respective data bit
input signals applied to the driver circuits during
an information line period. The print or recording
head includes a support'upon which are mounted chips
placed end to end and upon each of which are located 7
a group of LED's. The driver circuits are
incorporated in chips and located to each side of the
linear array of LED chips. The driver circuits in
this apparatus include a shift register for serially
reading—in data-bit signals and for driving
respective LED's in accordance with the data signals.

Associated with each driver chip is an input pad
onto which a current—level control signal is
applied. The signal determines the mean current that
is produced by a driver into its corresponding
LED's. Reference is made to mean current because,
due to fabrication tolerances of drivers and LED's,
the actual current through an LED may be up to e.g.
10% larger or smaller than the desired nominal
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value. 1In order to set the control signal, four
resistors in series are puovided between a line
carrying a five volt DC voltage and the driver chip.
By shorting out one or more of the four different

5 resistors, 15 different possible combinations of

' curreﬁt control signals can be made. The current
control signal fixed for that driver chip is not fed
to the LED's but is instead used to generate a larger
actual current that passes through the LED's selected

10 to be energized by the data signals. ' '

A problem with the apparatus described in the
aforemeﬁtioned patent i{s that 15 levels of control
provide an undesirable design limitation. A mean
current to one group of LED's that is higher than

15 that to an adjacent group of LED's in the same row
will provide reproductions with varying patterns of
1ines. The eye is very sensitive in detecting low
frequency pattern lines in reproductions.' While
differences in light output between adjacent LED's

20 may not be significant to the eye, differences of
mean light output between adjacent groups of LED's
tend to degrade image quality, particularly in
reproductions of pictorial information.

A Further disadvantage of the apparatus of the

25 prior art is that of lacking the ability to provide
for easy and preferably automatic maintenance of LED
light output to correct for changes in light output
resulting from aging or other changes to the print
head. _

30 A further disadvantage over the apparatus of the
prior art is the offsetting of adjacent LED's into
staggered rows and the requirement that circuitry be
provided for illuminating the rows at staggered

times.
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It is, therefore, an object of the invention to
provide an improved printer apparatus and print head
for use therewith which overcomes the problems of the
prior art.

' SUMMARY OF THE INVENTION
The improved printer apparatus of the invention

is realized by a printing apparatus including a
series of- point—like radiation sources arranged in a
row for exposing a radiation sensitive recording
medium; means providing data signals representing
data to be pninted;wlogié means responsive to the
data signals for'detérmining which of the point-like
radiation sources are to be selected for
energization; current driver means responsive to the
logic means for providing electrical current to the
radiation sources selected for energization;
characterized by:

the current driver means including a current
mirror circuit means including a master circuit for
generating a reference current and a plurality of
slave circuits for providing respective driver
currents to the radiation sources selected for
energization; the master circuit including a resistor
of the type that at least prior to adjustment permits
for substantially continuous adjustment of driver
currents over a range of resistance values.

An improved printer apparatus is also realized by
apparatus including a series of point—like radiation
sources arranged in a row for exposing a rtadiation '
sensitive recording medium, the series of point—like
radiation sources comprised of a plurality of
sub—groups of said point—like radiation sources;
current driver means for providing electrical current
to the radiation sources; characterized by:

the current driver means including for each
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sub—group of radiation sources a current mirror
circuit means including a master circuit for
generating a reference current and a plurality of
slave circuits for providingrrespective driver
currents to the radiation emitters selected for
energization; the master circuit for each sub—group
including a respective voltage responsive reference
current controlling cireuit and a resistance means of
respective resistance value for establishing a
respective reference current in the master circuit;
the respective resistance values for at-least two of
said sub—groups being substantiélly different to
establish different respective reference currént
levels in their respective master circuits;
means For coupling the respective voltage
responsive reference current cbnttolling circuits to
a common reference voltage source; the respective
resistance values of the resistance means being set
such that a relatively small change in reference
voltage causes a change in reference current that is
approximately the same for each master cifcuit.
BRIEF DESCRIPTION OF THE DRAWINGS
FIG. 1 is a schematic of a recording apparatus,
including printer apparatus, made in accordance with'

the invention; , :
FIG. 2 is a block diagram of circuitry used in

forming the printer'apparatus of FIG. 1 in accordance
with the invention;

FIG. 3 is a block diagram of a driver circuit for
use in the printer apparatus of FIG. 2;

FIG. 4 is a schematic of a current driving
circuit for the driver circuit of FIG. 3;

FIG. 5 is a graph illustrating a preferred range
of parameters for operating'the circuit of FIG. 4.

FIG. 6a and 6b are schematics of alternate
circuits for use with the apparatus of FIG. 1.



WO 88/07729

10

PCT/US88/00958

-—5—

FIG. 7a and 7b are flowcharts for a program for
operating the print apparatus in accordance with
certain aspects of the invention.

DESCRIPTION OF THE PREFERRED EMBODIMENTS

Apparatus of the preferred embodiments will be
described in accordance with an electrophotographic

recording medium. The invention, however, is not
limited to apparatus for creating images on such a
medium, as other media such as photographic film.
etc. may also be used with the invention.

Because electrophotographic reproducﬂion
apparatus are well known, the present description
will be directed in particular to elements forming

'part of or cooperating more directly with the present

15

20

25

30

invention. Recording apparatus not specifically
shown or described herein are selectable from those
known in the prior art.

With reference now to'FIG. 1, an electrophoto—
graphic reproduction apparatus 10 includes a
radiation sensitive recording medium such as a
photoconductive web 11 or other photosensitive or
radiation sensitive medium that is trained about
three transport rollers 12, 13 and 14, thereby
forming an endless or continuous web. Roller 12 is
coupled to a driver motor M in a conventional '
manner. Motor M is connected to a source of
potential when a switch (not'shown) is closed by a
logic and control unit (LCU) 15. When the switch is
closed, the roller 12 is driven by the motor M and
moves the web 1l in a clockwise direction as
indicated by arrow A. This movement causes
successive image areas of the web 10 to sequentially
pass a series of electrophotographic work stations of
the reproduction apparatus.

For the purposes of the instant expoéure, several
work stations are shown along the web's path. These
stations will be briefly described.
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First, a charging station 17 is provided at which
the photoconductive surface 16 of the web 11 is
sensitized by applying to such surface a uniform
electrostatic primary charge of a predetermined
voltage. The output of the charger may be controlled
by a grid connected to a programmable power supply
(not shown). The supply is in turn controlled by the
LCU 15 to adjust the-voltage level Vo applied onto
the surface 16 by the charger 17.

At an exposure station 18 an electrostatic image
is formed by modulating the primary charge on.an
image area of the surface 16 with selective
energization of point-like radiation sources in
accordance with signals provided by a data source

19. The point—like radiation sources are supported

in a printer apparatus (print head) 20 to be
described in more detail below.

A development station 21 includes developer which
may consist of iron carrier particles and
electroscopic toner particles with an electrostatic
charge opposite to that of the latent electrostatic
image. Developer is brushed over the photoconductive
surface 16 of the web 11 and toner particles adhere
to the latent electrostatic image to form a visible
toner particle, transferable image. The development
station may be of the magnetic brush type with one or
two rollers. Alternatively, the toner particles may
have a charge of the same polarity as that of the
latent electrostatic image and develop the image in
accordance with known reversal development

techniques.

The apparatus 10 also includes a'transfer station
25 shown with a corona charger 22 at which the toner
image on web 11 is transferred to a copy sheet S; and
a cleaning station 28, at which the photoconductive
surface 16 of the web 11 is cleaned of any residual
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toner particles remaining after the toner images have
been transferred. After the transfer of the unfixed
toner images to a copy sheet S, such sheet 1is
transported to a heated pressure roller fuser 27
where the image is fixed to the copy sheet S.

As shown in FIG. 1, a copy sheet S is fed from a
supply 23 to driver rollers 24, which then urge the
sheet to move ‘forward onto the web 11 in alignment
with a toner image at the transfer station 25.

To coordinate operation of the various work
stations 17, 18, 21, and 25 with movement of the
image areas on the web 11 past these stations, the
web has a plurality of indicia such as perforations

“along one of its edges. These perforations generally

are spaced equidistantly along the edge of the web
11. At a fixed location along the path of web
movement, there is provided suitable means 26 for
sensing web perforations. " This sensing produces
input signals into the LCU 15 which has a digital
computer, preferably a microprocessor. The
microprocessor has a stored program responsive to the
input signals for sequentially actuating, then
de—actuating the work stations as well as for
controlling the operation of many other machine
functions. Additional encoding means may be provided
as known in the art for providing more precise timing
signals for control of the various functions of the
apparatus 10.

Programming of a number of commerciallyravailable
microprocessors is a conventional skill well
understood in the art. This disclosure is written to
enable a programmer having ordinary skill in the art
to produce an appropriate control program for the one
or more microprocessors used in this apparatus. The
particular details of any such program would, of




WO 88/07729

10

15

20

25

30

(2]
(94]

PCT/US88/00958

-8_
course, depend on the architecture of the designated
microprocessor. '

With reference to FIGS. 1 and 2, the printer
apparatus (print head) 20, as noted, is provided with
a multiplicity of energizable point—like radiation
sources 30, preferably light—emitting'diodes
(LED's). Optical means 29 may be provided for
focusing .light from each of the LED's onto the
photoconductive surface.' The optical means
preferably comprises an array of optical fibers such
as sold under the name Selfoc, & trademark for a-
gradient index lens arrtay sold by Nippon Sheet Glass,
Limited. Due to the focusing power of the optical

means 29, a rtow of emitters will be imaged on a

respective transverse line on the recording medium.
With reference to FIG. 2, the print head 20
comprises a suitable support with a series of LED
chips 31 mounted thereon. Each of the chips 31
jncludes in this example 96 LED's "arranged in a
single row. Chips 31 are also arranged end—to—end in
a row and where twenty—seven LED chips are so0
arranged, the print head will extend across the width
of the web 11 and include 2592 LED's arranged in a
single row. To each side of this row of LED's there
are provided twenty—seven identicél driver chips 40.
Each of these driver chips include circuitry for
addressing the logic associated with each of 48 LED's
to control whether or not the LED should be energized
as well as to determine the level of current to each
of the LED's controlled by that driver chip 40. Two
driver chips 40 are_thus associated with each chip of
96 LED's. Each of the two'dtiver'chips will be
coupled for driving of alternate LED's. Thus, one
driver chip will drive the odd numbered LED's of the
96 LED's and the other will drive the even numbered
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LED's of these 96 LED's. The driver chips 40 are
electrically connected in parallel to a plurality of

.lines 34-37 providing various electrical control

signals. These lines provide electrical energy for
operating the various logic devices and current
drivers 49 in accordance with their voltage
requirements. A series of lines 36 (indicated by a
single line in Fig. 2) provide clock signals and
other pulses for controlling'the movement of data to
the LED's in accordance with known techniques. As
may be noted in Figure 2, external to each driver
chip 40 is a variable resistor 38 that is
schematically illustrated and will be described in

-greater detail below. A data line 33 is also

ptovided for providing data signals in the form of
either a high or low logic level. The driver chips
each include a data in and data out port so that they
serially pass data between them.

With reference now to FIG. 3, the architecture
for each driver chip 40 includes a 48 bit
bidirectional shift register 41. A logic signal
carried over line R/LB determines the direction data
will flow down this register. Assume that this chip.
is enabled to cauée data to flow down the registef '
from left to right as shown in FIG. 3. Data thus
enters shift register 41 over line 33 through the
driver chip's data—in port at the left from say the
data—out port of a driver chip immediately to the
left or from the LCU if the driver chip 40 is the
first chip for data to enter. Data exits from this
chip at the data—out port to be input to the next
adjacent driver chip to the tight of driver chip 40.
In operation for each line of image to be exposed in
the main scanning direction, i.e., transverse to that
of movement of the recording medium 11 data from the
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data source suitably rasterized, in accordance with
known techniques, streams serially through the shift
registers under control of clock pulses provided by
the LCU over line 36a. When 2592 bits of data (1's
or 0's) are stored by the shift registers of all of
the driver chips, a latch signal is provided over
1ine 36b to latch this data into latch registers 42

' so that the shift registers 41 may commence filling

with data signals for the next line of exXposure.
Forty—eight latch registers 42 are provided in each
driver chip to receive the data shifted out in
parallel fashion from the shift registerﬁ41. Each
latdh register is associated with a particular LED
and adjacent latch registers are associated with
every other LED. A logic AND gate 43 is associated
with each latch register and has one input coupled to
the output of its respective latch register and its
other input coupled to a line 36c for providing a
strobe or timing pulse from the LCU. This strobe
pulse determines when to trigger the LED's to turn on
in relation to the position of the recording medium
and the duration for which the LED's are turned on.
All the AND gates have one of their inputs connected
to this strobe line. The output of each of the AND
gates is coupled to a logic or switching circuit that
is part of a constant current driver circuit 44.
With reference now to FIG. 4, the output of each
AND gate is fed over line 45 to a logic circuit that
includes a logic inverter and three p—channel
enhancement mode MOSFET's (metal—oxide semiconductor
field—effect transistors) Qli, Q12, and Q13.
Transistor Qll has its gate terminal connected to the
input of the inverter and its drain—source current
conducting channel connected to tﬁe line labeled
V. carrying a voltage of, say, 4.5 volts.

LED .
Ccurrent conducting channels of transistors Qll and
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Ql2 are both connected to the gate terminalrof'
transistor Q13. The output of the inverter 46 is
connected to the gate terminal of transistor QlZ.'
The current conducting channel of transistor Ql2 is
connected to the gate of a similar type transistor
Q2. Transistor Q2 has its current conducting channel
coupled to the line VLED’ A terminal of transistor
Q2 is coupled to one terminal of the current
conducting channel of an n—channel enhancement mode

transistor Ql. The gate terminal of Q2 is also

‘-connectéd to the connection between transistors Q2-

and Q1. A variable voltage source VREF is coupled

to the gate terminal of transistor Ql and the current
conducting channel of transistor Ql is coupled to
ground through the variable resistor RREF’ '
previously described. The circuit described
comprises a current mirror in that current I

REF’
through a master circuit that includes the line

carrtying V transistor Q2, transistor Ql and

LED’
RREF to ground, is mirrored or proportionally
maintained in each of the identical slave circuits,
one of which shown comprises the line carrying

\ transistor Ql3, an LED, and ground.

LEDThe operation of this current mirror will now be
described. It will be appreciated that each slave
circuit forming a part of this current driver circuit
49 will behave in the same ménner, assuming a same
logic signal is provided. With a "high" iogic level
signal provided by the AND gate 43 to the input of
inverter 46, the output of the inverter is such as to
render transistor Ql2 conductive and causes current
101 to flow through LED1 by rendering transistor

Q13 conductive. Current I is proportional to cur-—

01

rent IREF flowing through the master circuit due to

transistors Q2 and Ql3 having approximately the same
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biasing potentials. Transistor Ql controls the level
of 1 in accordance with the input voltage VREF

REF , ,
at its gate terminal. The level of current IREF is

also controlled by the value of the resistor RREF
that is in series with transistors Q2 and Ql. As
noted above, the output of the inverter 46 goes to a
"Jow" logic level due to the concurrence of a logic
"high" input signal on ‘the AND gate's 43 data
terminal and a logic "high" strobe or trigger pulse
signal on its other input terminal. When the strobe

“pulse drops down to a logic "low" level, the output
of AND gate 43 goes "low" and the output of inverter

46 goes to a logic "high" level and turns off
transistor Ql2 and turns on transistor Qll. This
removes the negded bias. for transistor Ql3 to operate
and it, tod, turns off or ceases to conduct, thereby
preventing any current from flowing to LEDI. Thus,
the on—time for exposing each pixel on the recording
medium is determined by the strobe signal and the
amount of current controlling the brightness of this
LED is controlled by the level of the current IOI’

An important feature of the invention is having
RREF'be adjustable over a continuous range of
resistance values. During calibration of the print
head, measurements are taken of the mean or average
1ight output of the forty—eight LED's driven by a
respective driver chip and ¢ompared with the light
output needed or specified for proper exposure of the
recording medium. The refetence voltage, VREF’
may be set at 3.0 volts during this measurement. The
reference resistor RREF is of the known laser
trimmable type wherein portions may be vaporized off
so that while measurements of light output are taken,
the resistance is adjusted until the light output
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measured matches that specified. 1In resistors of
this type, the material vaporized results in
reduction of the effective cross—sectional area for
the resistor thereby affecting its conductivity.

Each of the groups of 48 LED's is calibrated in a
similar manner so that their respective resistor
RREF is adjusted accordingly. The resistors and
driver chips may now be encapsulated to prevent=
further adjustment. With the print head mounted as
shown in FIG. 1, adjustments for variation in light
output due to-aging and/or environmental conditions
will now be described. As shown in FIG. 6a, a logic
device power supply 50 outputs a calibrated voltage
V. A voltage divider circuit is provided in which

one of the resistors, R is a positive temperature

coefficient thermistor gttached to the print head at
a location that is reasonably representative of the
temperature of the LED's. The LED's used in this
print head have decreased light output with elevation
in temperature. To compensate for this, the
resistance RT will increase, theteby, providing an
increase to the reference voltage used to drive
transistor Ql. This affects the master current level
Iref as shown in FIG. 5. As may be noted in this
figure, the preferred operating range for each driver
chip 40 is in the range indicated by the somewhat
parallelogram—shaped figure having the vertices A, B,
C and D. 1In one embodiment of a print head, values
of RREF might range from 100 to 160 ohms. VLED
can be maintained constant at 4.5 volts. VREF

could be thus adjusted over the range from 2.6 volts
to 3.6 volts. It will be noted that providing the
type of operating range as shown in FIG. 5 has
important advantages in making adjustments to

maintain the appropriate level of illumination output
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by the LED's. In this example, assuming Vppp 18

2.6 volts, the currents to. the various subgroups of
LED's will range from 5ma to 7ma OT each LED of any-
subgroup of LED's will receive a current indicated by
some point on line AD. Line AD thus represents the
locus of points for the currents to the LED's at the
selected V of 2.6 volts. It will be noted that

REF
as V 4increases towards 3.6 volts, the locus, X

Y, o%Egimilar points but for a different Veer

shifts upwardly but does not change the relative
differentials in current received by the LED's.
Thus, LED's in a subgroup having a driver chip with
an RREF.OE 160 ohms might have a current of 5.2

amps for a VREF of 2.6 vo}ts (point D), while
another subgroup havingra driver chip with an RREF
of 100 ohms might have a current of 7.1 ma (point
A). The difference in current between a respective
LED in each of these subgroups 1is 1.9ma per LED.
With a need for a change of VREF to say 3.0 volts
due to a need to compensate for aging oT thermal
affects upon light outputs by the LED's, the
operating parameters of the LED's have shifted
generally uniformly both upwardly and to the right on
this graph. The new current locus, x y, indicates
that the subgroup of LED's formerly operating at
point A now has 8.1 ma of current that will pass
through each LED of that subgroup while that
operating at point D will now have a current of 6.2
ma. The differerze in current between respective
LED's remains at 1.9 ma. The circuit described thus
provides in addition a simplification to calibration
since with adjustments of a parametet such as VREF
the expected respective currents to the LED's can be
readily calculated. This Facilitates also the
providing of different reference voltages, Vppp:
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for compensating for different '"ages" of the LED's.
The "age" of an LED may be defined by the number of
times it has been used rather than its chronological
age.

With reference now to FIG 6b, an alternate
circuit for adjusting VREF is shown. 1In this
embodiment, changes in resistance of thermistor RT
due to temperature changes of the  print head 20 cause
corresponding changes in voltage L%? The wvoltage
VT is sensed by analog to digital (A/D) converter
60 and fed to the LCU 15. The LCU would include
input buffers for temporarily storing inputs from the

A/D converter until such inputs can be handled by the

LCU's central processor. Associated with the central

pProcessor are program memory units and temporary
memory units. In the program memory & subroutine
program can be provided for determining adjustments
to VREF in response to readings of VT' One
approach as indicated in the flowchart of Fig. 7a is
to have a program which includes a table memory for
comparing predetermined stored relationships between
VT and VREF' The program will thus compare the
sensed value for VT with that in the table and
select an appropriate VREF' An output driver 62
then adjusts VREF to each driver chip in accordance
with the value stored in memory. Another approach is
to provide a mathematical equation between the values
of VREF and VT and have the LCU calculate
VREF' More than one thermistor may be used in the
event there are temperature differences between
driver chips so as to provide a thermistor at the
most appropriate place for measuring the temperature
of a number of driver chips.

In the flowchart of Fig. 7b, age of a driver chip

is also accounted for as well as thermal affects.



WO 88/07729

10

15

20

30

(92
w

Values Vv

PCT/US88/00958

_1 6-
This Flowchart will also be described with regard to
the circuit bf Fig. 6b. As noted above, the LCU 15
controls the flow of data to the shift registers.
Since this form of data is in the form of binary
digits (1's or O's) the data for use in enabling an
LED for each main scan line may be noted by registers
in the LCU and a count maintained of the number of
times each LED is enabled. Periodically, a
calculation may be made by the LCU to determine the
average Or mean number (ot count) oE firings for the
LED's of that subgroup driven by a particular driver
chip. This average number along with updated )
sensings of VT may be compared with a table memory
listing comparing these variables with appropriate
REF" A selected appropriate VREF is then
outputted by the series of up to 54 drivers 62 to
each of the driver chips in accordance with print

‘head temperatures and average age of that subgroup.

Thus, for any driver chip the current to the subgroup
of LED's driven by that driver'chip have their
current adjusted in accordance with the temperature
of the print head and the average age of the LED's in
that subgroup.

As may be noted in the schematic of FIG. 4, two
separate power supplies with separate ground ot
return lines are provided to the print head. One
power supply P1 is used to provide the energy
needed to run the logic devices such as inverters 46
(and AMD gates, registers and latches etc. shown in
FIG. 3). It will be appreciated that an inverter 46
is provided for each of the slave circuits and thus
for each LED. The second power supply P2 is used
for providing the electrical energy for powering the
current driver circuit; i.e. VLED' As may be noted
a variable adjustable tap may be provided at power
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supply P1 to allow an operator to adjust VREF as
an alternative to automatic adjustment in response to
print head temperature. In this way, the large
transients or noise created by energization of the
LED's during commencement and termination of printing
of each line are effectively isolated from the logic
devices to thereby immunize them from specious
signals. Power consumptiorf is also minimized by
running the various devices at their optimum levels.
Thus, the LED's may have their driver voltage VLED
made lower than the 5 volts used to drive the logic
devices.

While the invention has been descfibed with
rtegard to LED's, other emitters known in'the art may
also be employed.

"The printer apparatus thus described provides for
improved control of current to the radiation
emitters, thereby ensuring improved reproduction of
pictorial information. There is also facilitated.the
ability to provide equal changes of the electrical
currents to the various emitters should such change
be necessary.

The invention has been described in detail with
particular reference to preferred»embodiments
thereof, but it will be understood that variations
and modifications can be effected within the spirit
and scope of the invention.
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We Claim:

1. A printer apparatus (20) including a series
of point—like radiation sources (30) arranged in a
row for exposing a radiation-sensitive recording
medium; means (41, 42) providing data signals
representing data to be printed; logic means (43)
responsive to the data signals for determining which
of the point—like radiation sources are to be '
selected for energization; current driver means (49)
responsive to the logic means (43) for providing
electrical current to the tadiation sources (30)
selected for energization; characterized by:

the current driver means (49) including a

current mirror circuit means including a master

circuit (Q2, Ql, 38) for generating a reference
current and a plurality of slave circuits (Q13, 30)
for providing respective driver currents to the
radiation sources selected for energization; the
master circuit including a resistor (38) of the type
that at least prior to adjustment permits for
substantially continuous adjustment of driver
currents over a range of resistance values.

2. The apparatus of Claim 1 and wherein the
master circuit includes a variable voltage source for
adjusting the levels of driver currents.

3. The apparatus of Claim 1 or 2 and including
automatic adjustment means for sensing the need for
adjustment of driver currents and for providing
adjustment in said currents by changing the output
voltage of the voltage source.

4. The apparatus of Claim 3 and wherein the
automatic adjustment meaﬁs includes means for sensing
the temperature of the apparatué;‘

5. The apparatus of Claim 2 and wherein the
variable voltage source is provided by a power supply
independent of a power supply Edr the logic means.
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6. The apparatus of Claims 1, 2 or 5 and wherein
the apparatus includes a support; and wherein a group
of point-like radiation sources are arranged on a
chip; groups of chips are mounted on the support with
the point—like radiation sources aligned in a single
line; and wherein a respective different current
driver is coupled to a sub—group of point—like
radiation sources on each chip.

7. The apparatus of Claim 6 and wherein the
sub—group comprises every other point—like radiation
source. . a

8. A printer apparatus including a series of
point—like radiation sources (30) arranged in a row

_for exposing a radiation sensitive recording medium,

the series of point-1like radiation sources comprised
of a plurality of sub—groups of said point—like
radiation sources; current driver means (49) for
providing electrical current to the radiation
sources; characterized by:

the current driver means (49) including for each
sub—group of radiation sources a current mirror
circuit means including a master circuit (Q2, Q1, 38)
for generating a reference current and a plurality of
slave circuits (Ql3, 30) for providing respective
driver currents to the radiation emitters selected
for energization; the master circuit for each
sub—group including a respective voltage responsive
reference current controlling circuit (Ql) and a
resistance means (38) of respective resistance value
for establishing a respective reference current in
the master circuit; the respective tesistance values
for at least two of said sub—groups being
substantially different to establish different
respective reference current levels in their
respective master circuits;
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means for coupling the respective voltage
responsive reference current controlling circuits to
a common reference voltage soutce; the respective
resistance values of the resistance means being set
such that a relatively small change in reference
voltage causes a change in reference current that is
approximately the same for each master circuit.

9. The apparatus of Claim 8 in combinatfon with
a voltage source that is adjustable for adjusting the
levels of driver currents.

10. The apparatus of Claim 9 and indiuding
automatic adjustmént means for sensing the need for
adjustment of driver currents and for providing
adjustment in said currents by changing the output
voltage of the voltage source.

11. The apparatus of Claim 10 and wherein the
automatic adjustment means includes means for sensing
the temperature of the apparatus.

12. The apparatus of Claim 9 and wherein the
voltage source is provided by a power supply
independent of a power supply for the logic means.

13. The apparatus of Claims 1, 2 or 8 and
wherein the apparatus includes a support; and wherein
a group of point—like radiation sources are arranged
on a chip; groups of chips are mounted on the support
with the point—like radiation sources aligned in a

‘single line; and wherein at least two sub—groups of

point—like radiation sources are on each chip and a
sub—group on a chip comprises every other point—like

radiation source. ,
14. The apparatus ofVCIaims 1, 2 or 8 and
wherein the point—like radiation sources are light

emitting diodes.



WO 88/07729 PCT/US88/00958

/5’8
| Po |
LCcu
soc)tférés'
N9
"] [ ............... t
T 14414444 4444
[}
1
a5 45
36 — ,
/C\l{ 9”43 43 454 43 40
STROBE——b - — — ——— = — — |
36b
LATCH —p g2
36a 4
CLK  —pM] —~
DATA
b
R/LB \ _
33

FIG. 3




PCT/US88/00958

WO 88/07729

2/6

2 ‘9ld
uuuuuuu a3ia
e . .
lllllll o HOLVT ‘38041S ‘Moo 434A
e —— Toe H3IMOd 21901
—t . c aNnoyo 21901
o=g1/4 |||} — —— — 77 %\mm L4 aao viva
egn [OF ] e 1#  ~ob
16G2 _ el
oseq === QNMNOY9 Q31
652 7 - = { 4 NJOm
Ie Ie Ie
v OV ] v# 2 #
ob 0t
|=871/4 _\w\ llllllll — \.—w _Il_\% _.I|||Azm>mv viva

— —— — —— G— St — ———




WO 88/07729 PCT/US88/00958

3/6
VREF _
™ ] ——1—TO OTHER LOGIC DEVICES
LOGIC
POWER
(D supPY |4
= CHANNEL
P| CHANNEL.| 2 * CHANNEL
a4. A— — —A— ’ 48
O el B I I I m_— o — e-® & 0 © & ¢
N I
49 | rf%:}—‘ - | |
\ | |a6 N4 i !
CURRENT . l x
i [ -
T | I
L] S i 1 !
T | ! t
g || 22" o
l ‘ 1
! ._cl ~Q3 | -
TR o
! 12
LT L
e - ——— IS J R AR |
TO P LIREF.
l ~Ql lIOI LIOZ
- L—TO CHANNELS
VREF | 2-48
o
4 Ve VA
38~ 30 LED; LED2
RREF
TO LOGIC $+—T0 LED
= GROUND = = GROUND



PCT/US88/00958

WO 88/0"7729
4/6
I VS. Vref
VLED= 45 V.
SHIFT CLOCK = 10 MHz COUNTER CLOCK = S MHz Rref (ohm)
12
| ! |

370

Iref (ma)

| | o 7
2.8 ’ 3.8 ‘ 48 B
Vref (volt)

FIG. 5

A A PA



WO 88/07729 PCT/US88/00958

5/6
S0
|
LoGgic | v
POWER
SUPPLY __]_
~ R
Vref
20
T
4
FIG. 6a
50
{
\Y LOGIC
POWER
| SUPPLY
- 15
R
% VT
, A/D LCU




WO 88/07729

( START)

READ VT
|

COMPARE IN TABLE MEMORY
VT WITH STORED VALUES OF
VT VS VREF

SELECT APPROPRIATE
VREF
|
OUTPUT SIGNALS
PROVIDING APPRORIATE
VREF

END

FIG. 7a

PCT/US88/00958

6/6

( START )

READ VTt
|

RECEIVE NEXT LINE OF
RASTERIZED DATA

| ,
INCREMENT COUNTERS FOR
LED'S TO BE TURNED ON

l

| CALCULATE AVERAGE STORED COUNT

(COUNT) FOR LED'S IN EACH
SUBGROUP

|

COMPARE COUNT, VT FOR EACH
SUBGROUP WITH TABLE MEMORY LISTING
OF COUNT, VT VS VREF

|
SELECT APPROPRIATE VREF

' L
OUTPUT SIGNALS PROVIDING
APPROPRIATE VREF
|

OUTPUT DATA TO SERIAL
SHIFT REGISTERS

PRINT PRIOR LINE OF DATA

SHIFT NEXT LINE OF DATA TO
STORAGE LATCHES

FIG. 7b




REVISED
. VERSION

INTERNATIONAL SEARCH REPORT

International Application No

PCT/US 88/00958

1. CL"!SS!FICATION OF SUBJECT MATTER (if saveral classification symbois apply, indicate ail) ¢
According to international Patent Classification (IPC) or to both National Classification and IPC

e, G 06 K 15/12

il, FIELDS SEARCHED

Mirimum Documentation Searched 7

Classification System | Classification Symbols

4

1PC GO06K; B4l J; HO4 N; G 03 G

Documentation Searched other than Minimum Documentation
to the Extent that such D ts are Included in the Fields Searched #

{ll. DOCUMENTS CONSIDERED TO BE RELEVANT?®
Citation of Document, 11 with indication, where appropriate, of the relevant passages 12

Category * | | Relevant to Claim No. 13

X IEEE Transactions on Consumer Electronics,
volume CE-32, no. 1, February 1986,
IEEE, (New York, US),

J. Burkhart et al.: "A monclithically
integrated 128 LED-driver and its
application", pages 26-31

see figures 3,4; page 28, left-hand
column, line 6 - page 29, left-hand
column, line 19

1,2

A, 3422907 (CANON) 3 January 1985
see figures 3,7,10-15; page 1, line
1 - page 2, line 17

1,8

A, 2104266 (PITNEY BOWES) 2 March 1983
see figures 3,4; page 3, lines 15-70;
page 3, lines 8-68

A GB, 1,6,8

A US, A, 4571602 (DE SCHAMPHELAERE et al.)
18 February 1986

cited in the application

./

“T" later document puhlished after the international filing date
or priority date and not in conflict with the appiication but
cited to understand the principle or theory underlying the
invention

“X" document of particular relevance; the claimed invention
cannot be considersd novei or cannot be considered to
invoive an inventive step

“Y" document of particular reievance; the claimed invention
cannot be considerad to invoive an inventive step when the

® Special categories of cited documents: 10

“A" document defining the general state of the art which is not
considered to be of particular relevance

“E" earlier document but published on or after the international
filing date

“L" document which may throw doubts on priority claim(s) or
which is cited to sstablish the publication date of another
citation or other sp (as specified

3
reaso

"0" document refarring to an orai disciosurs, use, exhibition or
other means

“P" document pubiished prior to the international flling date but
later than the priority date claimed

document is combined with one or mare other such docu-
;nor;:l. such combination being obvious to a person skiiled
n the arnt.

“&" document member of the same patent family

V. CERTIFICATION

Date of the Actual Completion of the International Search

1st February 1989

Date of Mailing of this Internationai Search Report

10 FEB 1939

Officer

M of Authoriz )
ZVANDER PUTTEN

international Searching Authority

EUROPEAN PATENT OFFICE

et

Form PCT/ISA/210 {second shest) (January 1985)



L4

-
International Application No. PCT/US 88/00958

iil. DOCUMENTS CONSIDERED TO BE RELEVANT  (CONTINUED FROM THE SECOND SHEET)

Category * P

Citation of Docurment. with indication, where sppropriate, of the relevant passages

i Relevant to Claim Ne

P,A

PR——

i

i

;
'
i
i
i
I
|
3
|
!
!

Wo, A, 87/02162 (SIEMENS) 9 April 1987
see figures 1-3; page 7, line 9 -
page 10, line 5 :

1-14

Form PCT ISA 210 (extra sheet) (January.1985)



ANNEX TO THE INTERNATIONAL SEARCH REPORT
ON INTERNATIONAL PATENT APPLICATION NO. s 8300958

SA 21832

This annex lists the patent family members relating to the patent documents cited in the above-mentioned international search report.
The members are as contained in the European Patent Office EDP file on 08/02/89
The European Patent Office is in no way liable for these particulars which are merely given for the purpose of information.

Patent document Publication Patent family Publication -
cited in search report date member(s) date
DE-A- 3422907 03-01-85 JP-A- 60006471 14-01-85

Us-A- 4596995 24-06-86
JP-A- 60006472 14-01-85
JP-A- 60005387 11-01-85

GB-A- 2104266 02-03-83 FR-A,B 2511532 18-02-83
DE-A- 3230226 03-03-83
AU=-A~ 8713782 17-02-83
JP-A- 58078476 12-05-83
Us-A- 4455562 19-06-84
CA-A- 1182512 12-02-85
GB-A,B 2154776  11-09-85

AU-B- 551563 01-05-86
US-A- 4571602 18-02-86 None
Wo-A- 8702162 - 09-04-87 DE-A- 3534338 0é‘04-87

JP-T- 63501003 14-04-88
EP-A- 0275254 27-07-88.
UsS-A- 4780731 25-10-88

PO FORM PO479

& For more details about this annex : see Official Journal of the European Patent Office, No. 12/82

E




	Abstract
	Bibliographic
	Description
	Claims
	Drawings
	Search_Report

