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(57) ABSTRACT 
A laser driving method is adapted for driving a plurality of 
laser emitting devices. A ?rst current to be supplied to each 
of the plurality of laser emitting devices is alWays generated. 
A plurality of second currents controlled according to a 
control signal supplied from the outside are generated When 
necessary. The plurality of second currents are supplied to 
the respective laser emitting devices under supply of the 
respective ?rst currents; thereby making the laser emitting 
devices emit respective laser beams. The plurality of laser 
emitting devices are caused to emit the laser beams in time 
division at predetermined timing to detect each of emitted 
light amounts by one laser monitor. Adjustment is made to 
at least one of the ?rst current and the second current 
supplied to each of the laser emitting devices according to a 
plurality of detected light amounts detected. Supply of the 
current to the laser emitting devices not driven is stopped 
When the plurality of laser emitting devices are adjusted in 
light amount in time division. 
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LASER DRIVING METHOD AND APPARATUS 
AND IMAGE-FORMING APPARATUS 

BACKGROUND OF THE INVENTION 

[0001] 1. Field of the Invention 

[0002] The present invention relates to a laser driving 
method and apparatus for making a laser emitting device 
emit a laser beam controlled according to a control signal 
and to an image-forming apparatus of an electrophoto 
graphic method making use of the laser driving apparatus for 
emitting the laser beam by the laser driving method. 

[0003] 2. Related Background Art 

[0004] The conventional image-forming apparatus of the 
electrophotographic method such as laser printers or the like 
are provided With the laser driving apparatus and this laser 
driving apparatus emits the laser beam according to image 
data. The laser driving apparatus of this type is provided, for 
example, With a semiconductor laser as laser emitting means 
and a pulse current is supplied to this semiconductor laser, 
Whereupon the semiconductor laser emits the laser beam in 
a light amount according to the current. 

[0005] At this time, the laser beam emitted from the 
semiconductor laser is controlled according to the image 
data and this laser beam is de?ected by a rotating polygon 
mirror or the like to scan in the main scanning direction. At 
the same time as it, a photosensitive drum as latent image 
carrying means is rotated to move a peripheral surface 
thereof at an exposure position in the sub-scanning direction 
and the peripheral surface of the photosensitive drum mov 
ing in the sub-scanning direction is charged by a charging 
charger. 

[0006] The peripheral surface of the photosensitive drum 
rotating in the sub-scanning direction as being charged is 
exposed to and scanned With the laser beam thus de?ected 
to scan, so as to form an electrostatic latent image thereon 
and this electrostatic latent image is developed With toner by 
a developing device as latent image developing means. The 
toner on the peripheral surface of the photosensitive drum, 
thus developed, is transferred onto a recording medium by 
a transfer charger as toner transferring means and the toner 
transferred onto the recording medium is ?xed by a ?xing 
device as toner ?xing means. 

[0007] Some of the image-forming apparatus described 
above are arranged to alWays supply a current near a laser 
emission threshold to the semiconductor laser and supply a 
pulse current or a bias current controlled according to the 
image data When necessary. Since a photodiode to function 
as laser monitor means is usually integrated in the semicon 
ductor laser, it is also normal practice to monitor the amount 
of emitted light from the semiconductor laser by this pho 
todiode and maintain the laser light amount constant by 
adjusting the bias current or the pulse current. 

[0008] A conventional example of the image-forming 
apparatus as described above Will be explained referring to 
FIG. 1 to FIG. 3. FIG. 1 is a schematic block diagram to 
shoW the main part of the image-forming apparatus, FIG. 2 
is a schematic plan vieW to shoW part of an optical system 
of the image-forming apparatus, and FIG. 3 is a time chart 
to shoW the relation among various signals. 
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[0009] First, the image-forming apparatus 1 of this con 
ventional example has a laser device 2, as illustrated in FIG. 
1, and this laser device 2 is constructed in an integral form 
comprised of a semiconductor laser 3 as laser emitting 
means and a photodiode 4 as laser monitor means. The 
semiconductor laser 3 emits the laser beam in response to 
supply of current, and the photodiode 4 monitors the laser 
beam emitted from the semiconductor laser 3 and outputs a 
current signal according to the light amount of the laser 
beam. 

[0010] Connected to the laser device 2 are a poWer supply 
5 of the main body and a laser driver 6, and this laser driver 
6 incorporates a pulse current source 7 being pulse supply 
means, a bias current source 8 being bias supply means, and 
an APC (Automatic PoWer Control) circuit 9 being current 
adjusting means. 

[0011] The tWo current sources 7, 8 are connected in 
parallel to one semiconductor laser 3, the pulse current 
source 7 being connected directly to the semiconductor laser 
3 While the bias current source 8 being connected via a 
high-speed analog sWitch 10, such as a CMOS (Comple 
mentary Metal Oxide Semiconductor) or the like, to the 
semiconductor laser 3. 

[0012] The pulse current source 7 generates a pulse cur 
rent and supply it to the semiconductor laser 3, Whereas the 
bias current source 8 supplies a bias current controlled by 
on/off of the analog sWitch 10 according to a control signal 
supplied from the outside, to the semiconductor laser 3 When 
necessary. 

[0013] The APC circuit 9 is connected to the photodiode 
4 and to the pulse current source 7 and adjusts the pulse 
current of the pulse current source 7 according to the result 
of detection by the photodiode 4. More speci?cally, the APC 
circuit 9 is comprised of a current-voltage converter 11, a 
sample hold circuit 12, a constant voltage supply 13, a 
comparator 14, etc., and converts a current sinal outputted 
from the photodiode 4 to a voltage signal by the current 
voltage converter 11. 

[0014] The sample hold circuit 12 samples and holds the 
voltage signal from the current-voltage converter 11 at 
predetermined timing and the comparator 14 compares the 
hold voltage of the sample hold circuit 12 With a reference 
voltage of the constant voltage supply 13 to increase or 
decrease the pulse current generated from the pulse current 
source 7. 

[0015] An image processing circuit 15 being signal input 
means is connected to the analog sWitch 10, Which is 
connected to the bias current source 8, and a system con 
troller 16 is connected to this image processing circuit 15. 
The image processing circuit 15 sWitches the analog sWitch 
10 on and off, using image data supplied as a control signal 
from the outside, and the system controller 16 systematically 
controls the circuits including the image processing circuit 
15 etc. 

[0016] A re?ective surface of a polygon mirror 21 being 
beam de?ecting means is located through a collimator lens 
20 on the optical axis of the semiconductor laser 3 of the 
laser device 2, as illustrated in FIG. 2, and the peripheral 
surface of a photosensitive drum 23 being the latent image 
carrying means is located, for example, through a correction 
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optical system 22 of an f0 lens or the like on the re?ected 
light path of this polygon mirror 21. 

[0017] The polygon mirror 21 is rotatably supported by a 
scanner motor (not illustrated) and de?ects the laser beam 
emitted from the semiconductor laser 3 to effect scanning in 
the main scanning direction. The photosensitive drum 23 is 
rotatably supported by a drum driving mechanism (not 
illustrated) being sub-scanning means and the peripheral 
surface thereof eXposed to and scanned With the laser beam 
is relatively moved in the sub-scanning direction. 

[0018] A BD (Beam Detect) sensor 24 being beam detect 
ing means is placed at a forWard position in the main 
scanning direction With respect to the photosensitive drum 
23 in the scanning range of the polygon mirror 21 and this 
BD sensor 24 detects the laser beam under de?ection 
scanning by the polygon mirror 21 immediately before 
irradiation of the photosensitive drum 23 thereWith. 

[0019] The BD sensor 24 is also connected, for example, 
through an ampli?er (not illustrated) or the like to the system 
controller 16 and this system controller 16 controls the 
operation of the image processing circuit 15, the APC circuit 
9, etc. according to the timing of detection of the laser beam 
by the BD sensor 24 and the like. 

[0020] In that case, as illustrated in (b) in FIG. 3, during 
the time period “T1 to T2” of initial setting, the analog sWitch 
10 is kept continuously on by the data signal being a control 
signal of the image processing circuit 15, to make the bias 
current source 8 and the pulse current source 7 supply the 
respective currents to the semiconductor laser 3, thereby 
making the semiconductor laser 3 continuously emit the 
laser beam. 

[0021] At this time, because the voltage according to the 
emitted light amount of the laser beam continuously emitted 
from the semiconductor laser 3 is sampled by the sample 
hold circuit 12 in the APC circuit 9 as illustrated in (c) in 
FIG. 3, the pulse current IT of the pulse current source 7 is 
initially set according to the voltage sampled by this sample 
hold circuit 12 as illustrated in (a) in FIG. 3. 

[0022] After completion of the initial setting as described 
above, the de?ection scanning With the laser beam is started 
With rotational driving of the polygon mirror 21 and the 
pulse current source 7 is ?nely adjusted every main scanning 
line by the APC circuit 9 during the time period “T3 to T4” 
immediately before the laser beam under the de?ection 
scanning is detected by the BD sensor 24. 

[0023] During the time period “T5 to T6” immediately 
after it, the laser beam under the de?ection scanning is 
detected by the BD sensor 24 and after a lapse of a 
predetermined time from this beam detection, the laser beam 
starts eXposure and scanning of the image area of the 
photosensitive drum 23. In this case, the image processing 
circuit 15 controls on/off of the analog sWitch 10 according 
to the image data to make the bias current source 8 and the 
pulse current source 7 supply the bias current and the pulse 
current to the semiconductor laser 3 so as to make the 
semiconductor laser 3 emit the laser beam controlled accord 
ing to the image data. 

[0024] Although omitted from the illustration and descrip 
tion because of the generally knoWn structure, various 
devices, including a charging charger as carrier charging 
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means, a developing device as latent image developing 
means, a transfer charger as toner transferring means, and so 
on, in addition to the laser scanning mechanism described 
above, are opposed to the peripheral surface of the photo 
sensitive drum 23 and a conveyance passage of a print sheet 
being a recording medium is also created in a gap betWeen 
the transfer charger and the photosensitive drum 23. 

[0025] The image-forming apparatus 1 of the above-stated 
structure can form an image by the electrophotographic 
method. 

[0026] Since the image processing circuit 15 controls 
on/off of the analog sWitch 10 of the bias current source 8 
according to the image data While the pulse current source 
7 supplies the pulse current to the semiconductor laser 3, this 
causes the semiconductor laser 3 to emit the laser beam 
controlled according to the image data. 

[0027] The laser beam thus emitted according to the image 
data from the semiconductor laser 3 is de?ected by the 
rotating polygon mirror 21 to scan in the main scanning 
direction and irradiate the peripheral surface of the photo 
sensitive drum 23 rotating in the sub-scanning direction, 
Whereby an electrostatic latent image is formed thereon in 
the form of a lot of main scanning lines. 

[0028] At this time, the laser beam under the de?ection 
scanning is detected by the BD sensor 24 immediately 
before the irradiation of the photosensitive drum 23. Emis 
sion of the laser beam according to the image data is started 
at a predetermined time after the detection of the beam by 
the BD sensor 24, Whereby start positions of the many main 
scanning lines continuous in the sub-scanning direction can 
be aligned. 

[0029] Since the laser beam needs to be detected by the 
BD sensor 24 prior to the image scanning as described 
above, the semiconductor laser 3 is driven by the system 
controller 16 and the image processing circuit 15 at the 
timing When the laser beam under the de?ection scanning 
irradiates the BD sensor 24. 

[0030] The semiconductor laser 3 is also driven for the 
APC operation immediately before the BD sensor 24 detects 
the laser beam. The emitted light amount of the laser beam 
is detected by the photodiode 4 and the pulse current from 
the pulse current source 7 is adjusted by the APC circuit 9 
of the laser driver 6. 

[0031] Since in the above-stated image-forming apparatus 
1 the pulse current is adjusted so as to keep constant the 
emitted light amount of the laser beam emitted from the 
semiconductor laser 3, the image can be formed With good 
quality. Further, because the bias current controlled accord 
ing to the image data is supplied While the pulse current is 
supplied to the semiconductor laser 3, the image can be 
formed at high speed With the semiconductor laser 3 being 
driven in good response. The image-forming apparatus 
described above is arranged to adjust the pulse current, but 
it can also be contemplated, conversely, that the bias current 
is adjusted to keep the emitted light amount of the laser 
beam constant. 

[0032] The image-forming apparatus 1 described above is 
arranged to enhance the response of the semiconductor laser 
3 so as to perform the image formation at high speed by 
supplying the bias current controlled according to the image 
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data to the semiconductor laser 3 under supply of the pulse 
current, and it is noW under research to simultaneously form 
plural main scanning lines using a plurality of semiconduc 
tor lasers in the laser device in order to further increase the 
speed of image formation of the image-forming apparatus. 

[0033] In general, even if the laser device is comprised of 
a plurality of semiconductor lasers as described above, it is 
preferable to use only one photodiode in terms of produc 
tivity and scale reduction. For detecting amounts of emitted 
light from the respective semiconductor lasers in order to 
adjust the pulse current or the bias current, one photodiode 
is arranged to detect each of the emitted light amounts While 
the semiconductor lasers are driven in order. 

[0034] HoWever, Where the current near the laser emission 
threshold is alWays supplied to the plural semiconductor 
lasers by use of the pulse current and the bias current in order 
to enhance the response as described above, this current near 
the threshold sometimes causes a semiconductor laser in a 
non-driven state to emit a small amount of light, Which does 
not alloW accurate detection of the emitted light amount of 
the semiconductor laser in a driven state. This results in 
failing to properly adjust the bias currents of the plural 
semiconductor lasers, thereby degrading the quality of the 
image formed by the image-forming apparatus. 

SUMMARY OF THE INVENTION 

[0035] The present invention has been accomplished in 
vieW of the above-stated issue and an object of the present 
invention is to provide a laser driving method and apparatus 
capable of accurately detecting and correcting emitted light 
amounts of plural laser emitting means under supply of the 
pulse current and bias current by one laser monitor means, 
and also to provide an image-forming apparatus capable of 
forming an image With high quality. 

[0036] A laser driving method of the present invention is 
a laser driving method comprising steps of alWays generat 
ing a ?rst current to be supplied to each of plural laser 
emitting means, generating plural second currents controlled 
according to a control signal supplied from the outside, 
When necessary, supplying these plural second currents to 
the respective laser emitting means under supply of the 
respective ?rst currents to make the plural laser emitting 
means emit respective laser beams, making these plural laser 
emitting means emit the laser beams in time division at 
predetermined timing and making one laser monitor means 
detect each of emitted light amounts, and adjusting at least 
one of the ?rst current and the second current supplied to 
each of the plural laser emitting means according to these 
light amounts detected, 

[0037] Wherein supply of the current to the laser 
emitting means not driven is stopped When the plural 
laser emitting means are adjusted in light amount in 
time division. 

[0038] Therefore, the current is not supplied to the laser 
emitting means not driven When the plural laser emitting 
means are adjusted in light amount in time division and one 
laser monitor means detects the laser light amounts, so that 
When only one of the plural laser emitting means is driven 
for the measurement of light amount, the laser emitting 
means not driven are prevented from emitting a small 
amount of light. 
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[0039] A laser driving apparatus of the present invention 
comprises: signal input means through Which a control 
signal is supplied from the outside; a plurality of second 
current supply means for generating a second current con 
trolled according to the control signal supplied from the 
outside through said signal input means, When necessary; a 
plurality of ?rst current supply means for alWays generating 
a ?rst current; a plurality of laser emitting means for 
individually emitting a laser beam according to the second 
current and the ?rst current supplied respectively from either 
of said plurality of second current supply means and from 
either of said plurality of ?rst current supply means; driving 
means for making said plurality of second current supply 
means generate the predetermined second current at prede 
termined timing to make said plurality of laser emitting 
means emit respective laser beams in time division; one 
laser monitor means for monitoring each of the laser beams 
Which said driving means makes said plurality of laser 
emitting means emit in time division, to detect emitted light 
amounts of the respective laser beams; current adjusting 
means for individually adjusting an output current from at 
least either said ?rst current supply means or said second 
current supply means according to a plurality of detection 
results of said laser monitor means; and current control 
means for stopping supply of the current to the laser emitting 
means not driven When said driving means drives said 
plurality of laser emitting means in time division. 

[0040] When the control signal is supplied from the out 
side into the signal input means, the plurality of second 
current supply means generate the second currents con 
trolled according to this control signal, When necessary. At 
this time the plurality of ?rst current supply means alWays 
generate the ?rst currents and thus the plural laser emitting 
means emit the respective laser beams according to the 
second current and the ?rst current supplied to each means 
from the plurality of second current supply means and from 
the plurality of ?rst current supply means. When the driving 
means makes the plurality of second current supply means 
generate the predetermined second currents at predeter 
mined timing to make the plural laser emitting means emit 
the laser beams in time division, each of the laser beams 
emitted in time division from the plural laser emitting means 
is monitored by one laser monitor means to detect each 
emitted light amount, and each of the output currents from 
the ?rst current supply means and second current supply 
means is adjusted by the current adjusting means according 
to the plural detection results. Since the supply of current to 
the laser emitting means not driven is stopped by the current 
control means When the plural laser emitting means are 
driven in time division and their laser light amounts are 
detected by one laser monitor means as described above, the 
laser emitting means not driven, hoWever, are prevented 
from emitting a small amount of light When only one of the 
plural laser emitting means is driven for the measurement of 
light amount. 

[0041] The present invention also provides the above 
stated laser driving apparatus Wherein said current control 
means comprises: at least one third current supply means for 
generating a current for canceling out a current near a laser 
emission threshold, generated by said ?rst current supply 
means and said second current supply means; and a plurality 
of sWitching means for connecting said third current supply 
means to said plurality of laser emitting means each so as to 
be freely sWitched on and off. 
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[0042] Accordingly, the third current supply means for 
generating the current for canceling out the current near the 
laser emission threshold, generated by the ?rst current 
supply means and the second current supply means, is 
connected to the plural laser emitting means by the plural 
sWitching means each so as to be freely turned on and off, 
Whereby the supply of current to the laser emitting means 
not driven is stopped by the current control means. Namely, 
the supply of the current near the laser emission threshold to 
the laser emitting means is turned on and off at high speed 
Without turning on and off the connection of the laser 
emitting means to the ?rst current supply means and the 
second current supply means. 

[0043] The present invention also provides the above 
stated laser driving apparatus Wherein the ?rst current sup 
ply means are comprised of sloW starter poWer supplies. 
Therefore, the ?rst current supply means do not generate too 
high inrush currents as pulse currents, Whereby the laser 
emitting means can be protected Well. Since the connection 
is not turned on and off betWeen the laser emitting means 
and the ?rst current supply means in order to turn on and off 
the supply of the current near the laser emission threshold to 
the laser emitting means at high speed, the ?rst current 
supply means can supply the pulse current Without a delay 
even if they are comprised of the sloW starter poWer sup 
plies. 

[0044] An image-forming apparatus of the present inven 
tion comprises the laser driving apparatus described above, 
data supply means for supplying image data as the control 
signal to said signal input means; beam de?ecting means for 
de?ecting the plural laser beams emitted from said laser 
driving apparatus to effect scanning in a main scanning 
direction according to the control signal supplied from said 
data supply means; latent image carrying means arranged to 
be exposed to and scanned With the plural laser beams under 
de?ection scanning carried out by said beam de?ecting 
means; sub-scanning means for moving said latent image 
carrying means relative to said beam de?ecting means in a 
sub-scanning direction; latent image developing means for 
developing a latent image formed on said latent image 
carrying means With toner; toner transferring means for 
transferring the toner on said latent image carrying means, 
developed by said latent image developing means, onto a 
recording medium; and toner ?xing means for ?xing the 
toner transferred onto the recording medium by said toner 
transferring means. 

[0045] In the image-forming apparatus of the present 
invention, therefore, the data supply means supplies the 
image data as a control signal to the signal input means of 
the laser driving apparatus of the present invention, so that 
the laser emitting means of the laser driving apparatus emit 
the respective laser beams controlled according to the image 
data. These plural laser beams are de?ected by the beam 
de?ecting means to scan in the main scanning direction, the 
latent image carrying means is exposed to and scanned With 
the laser beams thus de?ected to scan, and the latent image 
carrying means thus exposed and scanned is moved relative 
to the beam de?ecting means in the sub-scanning direction 
by the sub-scanning means. The latent image thus formed on 
the latent image carrying means is developed With the toner 
by the latent image developing means and the toner thus 
developed on the latent image carrying means is transferred 
onto the recording medium by the toner transferring means. 
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The toner transferred onto the recording medium is ?xed by 
the toner ?xing means, so that the image corresponding to 
the image data is formed as a toner image on the recording 
medium by the electrophotographic method. In the image 
forming apparatus of the present invention utiliZing the laser 
driving apparatus of the present invention, the image is 
formed While the laser beams are controlled according to the 
image data. Since a plurality of main scanning lines are 
exposed simultaneously With the plural laser beams, the 
image of a dot matrix is formed at high speed. The image is 
formed With high quality, because the emitted light amounts 
of the plural laser beams are adjusted each properly. 

[0046] The various means stated in the present invention 
can be any means that can implement their functions; for 
example, they permit dedicated hardWare, a computer pro 
vided With the appropriate functions in the form of pro 
grams, functions implemented inside a computer by appro 
priate programs, a combination of these, and so on. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0047] FIG. 1 is a schematic block diagram to shoW the 
main part of the image-forming apparatus of the conven 
tional example; 

[0048] FIG. 2 is a schematic plan vieW to shoW part of the 
optical system of the image-forming apparatus of the con 
ventional example; 

[0049] FIG. 3 is a time chart to shoW the relation among 
various signals; 

[0050] FIG. 4 is a block diagram to shoW a laser driving 
apparatus in an embodiment of the present invention; 

[0051] FIG. 5 is a schematic, vertically sectional, side 
vieW to shoW a laser printer as an embodiment of the 
image-forming apparatus of the present invention; 

[0052] FIG. 6 is a time chart to shoW the relation among 
various signals; and 

[0053] FIG. 7 is a characteristic diagram to shoW the 
relationship betWeen current and light amount of the semi 
conductor laser being laser emitting means. 

DETAILED DESCRIPTION OF THE 
PREFERRED EMBODIMENTS 

[0054] An embodiment of the present invention Will be 
described referring to FIG. 4 to FIG. 7. In the present 
embodiment the same portions as in the conventional 
example described above Will be referred to as the same 
names and the detailed description thereof Will be omitted. 

[0055] FIG. 4 is a block diagram to shoW a laser driving 
apparatus of the present embodiment and FIG. 5 is a 
schematic, vertically sectional, side vieW to shoW a laser 
printer Which is an image-forming apparatus of the present 
embodiment. FIG. 6 is a time chart to shoW the relation 
among various signals and FIG. 7 is a characteristic diagram 
to shoW the relationship betWeen current and light amount of 
the semiconductor laser Which is laser emitting means. 

[0056] First, the laser driving apparatus 30 of the present 
embodiment is constructed as part of printer section 32 
Which is the image-forming device of digital copier 31, and 
it is provided With a laser device 33 as illustrated in FIG. 4. 
This laser device 33 is constructed in integral structure 



US 2001/0046242 A1 

comprised of tWo semiconductor lasers 34, 35, Which are 
plural laser emitting means, and one photodiode 36, Which 
is laser monitor means. They are connected to the laser 
driver 37. 

[0057] This laser driver 37 is composed of tWo bias 
current sources 40, 41 Which are plural bias supply means, 
tWo pulse current sources 38, 39 Which are plural pulse 
supply means, tWo current sources 42, 43 Which are plural 
current supply means, and tWo APC circuits 44, 45 Which are 
tWo current adjusting means. 

[0058] The three types of current sources 38 to 43 tWo 
each per type as described above are connected to the tWo 
semiconductor lasers 34, 35, one each in each type. More 
speci?cally, the pulse current source 38 or 39 is connected 
directly to the semiconductor laser 34 or 35, respectively, 
and the bias current source 40 or 41 is connected via a 
high-speed analog sWitch 46 or 47, respectively, such as a 
CMOS or the like, to the semiconductor laser 34 or 35, 
respectively. 

[0059] TWo analog sWitches 48, 49 being plural sWitching 
means are connected to the respective current sources 42, 43 
and each of these analog sWitches 48, 49 is connected to a 
middle point of connection betWeen the pulse current source 
38, 39 and the semiconductor laser 34, 35, thus forming a 
current control circuit 50 as current control means. 

[0060] Each of the tWo current sources 42, 43 generates a 
current to cancel out the current near the laser emission 
threshold supplied to the semiconductor laser 34, 35 by use 
of the pulse current source 38, 39 and the bias current source 
40, 41 and each of the tWo analog sWitches 48, 49 connects 
the current source 42, 43 to the semiconductor laser 34, 35 
so as to be freely sWitched on and off. The pulse current 
sources 38, 39 are sloW starter poWer supplies not permitting 
easy high-speed sWitching Whereas the other current sources 
40 to 43 are ordinary poWer supplies permitting easy high 
speed sWitching. 

[0061] The tWo APC circuits 44, 45 share a current 
voltage converter 51 and each of them has a sample hold 
circuit 52, 53, a constant voltage supply 54, 55, a comparator 
56, 57, etc. They are connected both to one photodiode 36 
and respectively to the tWo pulse current sources 38, 39. 

[0062] The image processing circuit 61 corresponding to 
signal input means and continuous driving means is con 
nected to the analog sWitches 46, 47, Which are connected to 
the respective bias current sources 40, 41, and the system 
controller 62 is connected to this image processing circuit 
61. The image processing circuit 61, Which Will be detailed 
hereinafter, is arranged to sWitch the analog sWitches 46, 47 
on and off according to the image data supplied from the 
outside as the control signal and also sWitch the analog 
sWitches 48, 49 on and off at such predetermined timing as 
not to carry out image exposure. 

[0063] The laser driving apparatus 30 of the structure as 
described above is used in the printer section 32 of the 
digital copier 31 as described previously. This digital copier 
31 has a scanner section 71 as an image reader, and the 
printer section 32, these sections being formed integrally, as 
illustrated in FIG. 5. 

[0064] The scanner section 71 has contact glass 72 placed 
horiZontally and RDF (Recycle Document Feeder) 73 is 
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disposed on the upper surface of this contact glass 72. There 
are ?rst, second scanning units 74, 75, a Zooming optical 
system 76, a line sensor 77, etc. disposed beloW the contact 
glass 72. 

[0065] The ?rst scanning unit 74 has ?uorescent tubes 78 
of a straight tube type and a re?ection mirror 79 inclined at 
45° and is opposed to the contact glass 72 thereunder as 
being supported so as to be movable in the sub-scanning 
direction (from left to right and vice versa in the ?gure). The 
second scanning unit 75 has a pair of re?ection mirrors 80, 
81 opposed each in an inclined state at 45° and is supported 
so as to be movable at a speed equal to half of that of the ?rst 
scanning unit 74. 

[0066] The Zooming optical system 76 is supported so as 
to be freely displaced along the optical aXis and is arranged 
to focus light from a read original (not illustrated) placed on 
the contact glass 72, after re?ected by the above-stated 
re?ection mirrors 79 to 81, at a variable magni?cation at the 
position of line sensor 77. This line sensor 77 is composed 
of many CCDs (Charge Coupled Devices) arrayed in the 
main scanning direction (or in the direction passing through 
the ?gure) and reads to scan the image data in the form of 
main scanning lines from the read original. 

[0067] The scanner section 71 of the structure as described 
above generates image data of a dot matriX comprised of 
many main scanning lines from the read original. The line 
sensor 77 of this canner section 71 is connected via various 
correction circuits (not illustrated) and the like to the image 
processing circuit 61 of the laser driving apparatus 30 in the 
printer section 32. 

[0068] The tWo semiconductor lasers 34, 35 of the laser 
driving apparatus 30 are arranged up and doWn, i.e., along 
the sub-scanning direction in a print image, and are opposed 
to the re?ective surface of the polygon mirror 181 corre 
sponding to beam de?ecting means supported so as to be 
rotatable in the horiZontal direction, i.e., in the main scan 
ning direction by scanner motor 180, similarly to the case of 
the aforementioned conventional eXample illustrated in 
FIG. 2. 

[0069] On the re?ected light path of this polygon mirror 
81 there is the peripheral surface of the photosensitive drum 
84 as latent image carrying means located via a correction 
optical system 82 of an f0 lens or the like and a re?ection 
mirror 83, and this photosensitive drum 84 is rotatably 
supported so that the peripheral surface is relatively moved 
in the sub-scanning direction by the drum driving mecha 
nism (not illustrated) being sub-scanning means. 

[0070] The BD sensor 85 being beam detecting means is 
located at a forWard position in the main scanning direction 
With respect to the photosensitive drum 84 in the scanning 
range of the polygon mirror 81 and this BD sensor 85 is 
connected, for eXample, via an ampli?er (not illustrated) to 
the system controller 62. 

[0071] Around the peripheral surface of the photosensitive 
drum 84, there are also provided, in addition to the re?ection 
mirror 83 described above, a toner cleaner 86, a charging 
charger 87 as carrier charging means, developing devices 88, 
89 as latent image developing means, a transfer charger 90 
as toner transferring means, a peeling charger 91 as medium 
peeling means, etc. and a conveyance passage of a print 
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sheet P as a recording medium is also formed in the gap 
between these chargers 90, 91 and the photosensitive drum 
84. 

[0072] This sheet conveyance passage is constructed of 
many feed rollers 92, guide plates 93, etc. and is in com 
munication With sheet cassettes 94, 95 and With a sheet 
discharge tray 96. In this sheet conveyance passage there are 
also a ?xing device 97 as toner ?xing means and a sheet 
inverting mechanism 98 as medium inverting means, and 
another sheet conveyance passage is also created for circu 
lating the print sheet P from this sheet inverting mechanism 
98 to the position of the photosensitive drum 84. 

[0073] As in the case of the aforementioned conventional 
example, the laser driving apparatus 30 of the present 
embodiment is arranged so that the system controller 62 
controls the operation of the image processing circuit 61, the 
APC circuits 44, 45, etc. at predetermined timing, as illus 
trated in FIG. 6. Since the laser driving apparatus 30 of the 
present embodiment has the tWo semiconductor lasers 34, 35 
and one photodiode 64, the image processing circuit 61 
drives the tWo semiconductor lasers 34, 35 in time division 
during execution of the APC operation, hoWever. 

[0074] When the tWo semiconductor lasers 34, 35 are 
driven in time division for the APC operation to adjust the 
light amounts of the tWo semiconductor lasers 34, 35 in this 
Way, the image processing circuit 61 successively sWitches 
the tWo analog sWitches 48, 49 of the current control circuit 
50 on and off to connect the current source 42, 43 to the 
semiconductor laser 34, 35 in order, so as to supply the 
current for canceling out the current near the laser emission 
threshold from these current sources 42, 43 to the semicon 
ductor lasers 34, 35, thereby terminating emission com 
pletely. 

[0075] In the above-described structure, the digital copier 
31 of the present embodiment can read to scan the image 
data of the dot matrix in the form of many main scanning 
lines from the read original by the scanner section 71 and 
print this image data out on the print sheet P in the electro 
photographic method by the printer section 32. 

[0076] In that case, in the laser driving apparatus 30 of the 
present embodiment, the bias currents supplied from the 
laser driver 37 to the tWo semiconductor lasers 34, 35 of the 
laser device 33 are controlled by the image processing 
circuit 61 according to the image data supplied from the 
scanner section 71. 

[0077] Namely, the image processing circuit 61 controls 
on/off of the analog sWitches 46, 47 of the bias current 
sources 40, 41 according to the image data While the pulse 
currents are alWays supplied from the pulse current sources 
38, 39 to the respective semiconductor lasers 34, 35. This 
turns the bias currents on and off under application of the 
pulse currents, so that the semiconductor lasers 34, 35 emit 
the laser beams in predetermined light amounts controlled 
according to the image data. 

[0078] The tWo laser beams respectively emitted accord 
ing to the image data by the tWo semiconductor lasers 34, 35 
are simultaneously de?ected to scan in the main scanning 
direction by the rotating polygon mirror 81, thereby irradi 
ating the peripheral surface of the photosensitive drum 84 
rotating in the sub-scanning direction. At this time, since the 
photosensitive drum 84 is charged in the peripheral surface 
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by corona discharge of the charging charger 87, an electro 
static latent image is formed here in the form of many main 
scanning lines by exposure scanning of the laser beams. 

[0079] The electrostatic latent image formed on the 
peripheral surface of the photosensitive drum 84 in this Way 
is developed With toner supplied from one of the tWo 
developing devices 88, 89 and this developed toner is 
transferred onto the print sheet P conveyed from the sheet 
supply cassette 94 or the like by a potential generated by the 
transfer charger 90. Since the print sheet P to Which the toner 
Was transferred in this Way is heated and pressed to be ?xed 
by the ?xing device 97, this completes the formation of 
image by the printer section 32 of the digital copier 31. 

[0080] Since the digital copier 31 of the present embodi 
ment controls the laser beams according to the image data, 
it can form the print image of the dot matrix. At this time, 
the tWo semiconductor lasers 34, 35 from tWo main scanning 
lines each time, and the print image comprised of many main 
scanning lines can be formed at high speed. 

[0081] Since the tWo laser beams de?ected to scan are 
detected simultaneously by the BD sensor 85 immediately 
before the irradiation of the photosensitive drum 84, the start 
positions of the many main scanning lines succeeding in the 
sub-scanning direction are aligned by carrying out the 
emission of the laser beams according to the image data at 
a predetermining time after this beam detection of the BD 
sensor 85. 

[0082] Since the laser beams need to be detected by the 
BD sensor 85 prior to the image scanning in this Way, the 
tWo semiconductor lasers 34, 35 are driven by the system 
controller 62 and the image processing circuit 61 at the 
timing When the laser beams under the de?ection scanning 
irradiate the BD sensor 85. 

[0083] The tWo semiconductor lasers 34, 35 are driven in 
time division for the APC operation immediately before the 
laser beams are detected by the BD sensor 85. The emitted 
light amounts are detected in time division by one photo 
diode 36 and the pulse currents of the pulse current sources 
38, 39 are adjusted individually by the tWo APC circuits 44, 
45 of the laser driver 37. 

[0084] In the laser driving apparatus 30 of the present 
embodiment, hoWever, When the tWo semiconductor lasers 
34, 35 are driven in time division for the APC operation as 
described above, the image processing circuit 61 sWitches 
the analog sWitches 46, 47 of the bias current sources 40, 41 
on and off by the DATA signal and, at the same time as it, 
also sWitches the analog sWitches 48, 49 of the current 
sources 42, 43 on and off. 

[0085] FIG. 6 is a time chart to shoW the relation among 
the various signals and FIG. 7 is a characteristic diagram to 
shoW the relationship betWeen current and light amount of 
the semiconductor laser as laser emitting means. 

[0086] As illustrated in FIG. 6, the APC operation of the 
semiconductor laser 34 is carried out ?rst. 

[0087] The pulse current ITB is supplied from the pulse 
current supply 38 to the semiconductor laser 34 to effect 
such adjustment by the APC circuit 45 in the time period 
“T11 to T12” as to make the pulse current ITB of the pulse 
current source 38 equal to the initial value ItA shoWn in FIG. 
7. At this time the tWo analog sWitches 46, 48 are off, so that 
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the bias current (current I31) and the predetermined current 
(current I82) are not applied to the semiconductor laser 34. 
At this time the pulse current ITA of the pulse current source 
39 is not applied to the other semiconductor laser 35. At this 
time the tWo analog sWitches 47, 49 are on, but the bias 
current is canceled out by the predetermined current. There 
fore, no current is supplied to the other semiconductor laser 
35, so as to effect no emission. 

[0088] The APC operation of the semiconductor laser 35 
is carried out neXt. The pulse current ITA is supplied from the 
pulse current source 39 to the semiconductor laser 35 to 
effect such adjustment by the APC circuit 44 in the time 
period “T13 to T14” as to make the pulse current ITA of the 
pulse current source 39 equal to the initial value ItA shoWn 
in FIG. 7. At this time the tWo analog sWitches 47, 49 are 
off, so that the bias current (current I31) and the predeter 
mined current (current IQZ) are not applied to the semicon 
ductor laser 35. At this time the pulse current ITB Of the 
pulse current supply 38 is applied to the other semiconductor 
34, but the tWo analog sWitches 46, 48 are on at this time, 
so that the aforementioned pulse current ITB is canceled out 
by the bias current and the predetermined current. Therefore, 
the current is not supplied to the other semiconductor laser 
34, so as to effect no emission. 

[0089] The APC operation of the semiconductor lasers as 
described above is also carried out similarly in the time 
period “T15 to T16” and in the time period “T17 to T18.” 

[0090] After completion of the APC operation, the pulse 
current and bias current are applied to the semiconductor 
lasers, so that the semiconductor lasers are made to stand by 
in a state of a current IbA as a result of subtraction of the bias 

current (current I31) from the pulse current (current ILA). This 
current IbA is a value near the laser emission threshold 
current Ith. 

[0091] In the laser driving apparatus 30 of the present 
embodiment, therefore, When the tWo semiconductor lasers 
34, 35 are driven one by one in time division for the APC 
operation, the other laser not driven is prevented from 
emitting a small amount of light because of the current near 
the laser emission threshold. Therefore, the emitted light 
amounts of the tWo semiconductor lasers 34, 35 can be 
detected accurately by one photodiode 36 and the pulse 
currents of the tWo pulse current sources 38, 39 can be 
adjusted each properly by the APC circuits 44, 45. 

[0092] Since the laser driving apparatus 30 of the present 
embodiment can properly adjust each of the laser light 
amounts of the tWo semiconductor lasers 34, 35 as described 
above, the digital copier 31 of the present embodiment 
utiliZing it can form the image With good quality and at high 
speed. 
[0093] Particularly, since the laser driving apparatus 30 of 
the present embodiment uses the pulse current sources 38, 
39 of the sloW starter poWer supplies, the semiconductor 
lasers 34, 35 can be protected Well. Although the pulse 
current supplies 38, 39 comprised of the sloW starter poWer 
supplies in this Way cannot be sWitched on and off at high 
speed, the supply of bias currents to the semiconductor 
lasers 34, 35 can be turned properly on and off, because the 
bias current sources 40, 41 are connected to the semicon 
ductor lasers 34, 35 by the analog sWitches 46, 47. 

[0094] It is noted that the present invention is by no means 
intended to be limited to the above embodiment, but the 
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present invention embraces a variety of modi?cations Within 
the scope not departing from the spirit of the invention. For 
eXample, the above embodiment exempli?ed the adjustment 
of only the pulse current for the APC operation, but it is also 
possible to adjust the bias current or to adjust the both 
currents. In addition, the above embodiment exempli?ed the 
tWo semiconductor lasers 34, 35 as plural laser emitting 
means, but the plural laser emitting means can also be three 
or more semiconductor lasers. 

[0095] The present invention presents the effects 
described beloW because of the structure as described above. 

[0096] The laser driving method of the present invention 
is arranged so that When the plural laser emitting means are 
continuously driven in time division during the adjustment 
of light amount, the supply of current is stopped to the laser 
emitting means not driven, 

[0097] Whereby When only one of the plural laser 
emitting means is driven for the measurement of 
light amount, the laser emitting means not driven are 
prevented from emitting a small amount of light 
because of the current near the laser emission thresh 
old; therefore, the emitted light amounts of the plural 
laser emitting means can be detected accurately by 
one laser monitor means and the emitted light 
amounts can be corrected properly by properly 
adjusting the bias current and pulse current of each 
of the plural laser emitting means. 

[0098] The laser driving apparatus of the present invention 
comprises signal input means through Which a control signal 
is supplied from the outside, a plurality of second current 
supply means for generating a second current controlled 
according to the control signal supplied from the outside 
through the signal input means, When necessary, a plurality 
of ?rst current supply means for alWays generating a ?rst 
current, a plurality of laser emitting means for individually 
emitting a laser beam according to the second current and 
the ?rst current supplied respectively from either of the 
plurality of second current supply means and from either of 
the plurality of ?rst current supply means, driving means for 
making the plurality of second current supply means gen 
erate the predetermined second current at predetermined 
timing to make the plurality of laser emitting means emit 
respective laser beams in time division, one laser monitor 
means for monitoring each of the laser beams Which the 
driving means makes the plurality of laser emitting means 
emit in time division, to detect an emitted light amount of 
each beam, current adjusting means for individually adjust 
ing an output current from at least either the ?rst current 
supply means or the second current supply means according 
to plural detection results of the laser monitor means, and 
current control means for stopping supply of the current to 
the laser emitting means not driven When the plurality of 
laser emitting means are driven in time division by the 
driving means, 

[0099] Whereby the laser emitting means not driven 
are prevented from emitting a small amount of light 
When only one of the plural laser emitting means is 
driven for the measurement of light amount; there 
fore, the emitted light amounts of the plural laser 
emitting means can be detected accurately by one 
laser monitor means and the emitted light amounts of 
the plural laser emitting means can be corrected 
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properly by properly adjusting the output currents 
from the plural ?rst current supply means and second 
current supply means. 

[0100] The present invention also provides the above 
stated laser driving apparatus Wherein the current control 
means comprises at least one third current supply means for 
generating a current to cancel out a current near the laser 
emission threshold, generated by the ?rst current supply 
means and the second current supply means, and a plurality 
of sWitching means for connecting the third current supply 
means to the plurality of laser emitting means each so as to 
be freely sWitched on and off, 

[0101] Whereby the supply of current to the laser 
emitting means can be turned on and off at high 
speed Without turning the connection betWeen the 
laser emitting means and the ?rst current supply 
means on and off. 

[0102] The present invention also provides the above 
described laser driving apparatus Wherein the ?rst current 
supply means are comprised of sloW starter poWer supplies, 

[0103] Whereby the laser emitting means can be 
protected Well. 

[0104] The image-forming apparatus of the present inven 
tion comprises the above-described laser driving apparatus, 
data supply means for supplying image data as a control 
signal to the signal input means of the laser driving appa 
ratus, beam de?ecting means for de?ecting a plurality of 
laser beams emitted from the laser driving apparatus to effect 
scanning in the main scanning direction according to the 
control signal supplied from the data supply means, latent 
image carrying means arranged to be eXposed to and 
scanned With the plurality of laser beams under the de?ec 
tion scanning carried out by the beam de?ecting means, 
sub-scanning means for moving the latent image carrying 
means relative to the beam de?ecting means in the sub 
scanning direction, latent image developing means for 
developing a latent image formed on the latent image 
carrying means With toner, toner transferring means for 
transferring the toner on the latent image carrying means, 
developed by the latent image developing means, onto a 
recording medium, and toner ?Xing means for ?xing the 
toner transferred onto the recording medium by the toner 
transferring means, 

[0105] Whereby the emitted light amounts of the 
plural laser beams can be adjusted each properly, so 
that the image can be formed With high quality. 

What is claimed is: 
1. A laser driving method for driving a plurality of laser 

emitting means, the laser driving method comprising the 
folloWing steps: 

a step of alWays generating a ?rst current to be supplied 
to each of the plurality of laser emitting means; 

a step of generating a plurality of second currents con 
trolled according to a control signal supplied from the 
outside, When necessary; 

a step of supplying said plurality of second currents to the 
respective laser emitting means under supply of the 
respective ?rst currents, thereby making the laser emit 
ting means emit respective laser beams; 
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a step of making said plurality of laser emitting means 
emit the laser beams in time division at predetermined 
timing, and detecting each of emitted light amounts by 
one laser monitor means; 

a step of adjusting at least one of the ?rst current and the 
second current supplied to each of said plurality of laser 
emitting means according to a plurality of detected 
light amounts detected; and 

a step of stopping supply of the current to the laser 
emitting means not driven When said plurality of laser 
emitting means are adjusted in light amount in time 
division. 

2. A laser driving apparatus comprising: 

signal input means through Which a control signal is 
supplied from the outside; 

a plurality of second current supply means for generating 
a second current controlled according to the control 
signal supplied from the outside through said signal 
input means, When necessary; 

a plurality of ?rst current supply means for alWays 
generating a ?rst current; 

a plurality of laser emitting means for individually emit 
ting a laser beam according to the second current and 
the ?rst current supplied respectively from either of 
said plurality of second current supply means and from 
either of said plurality of ?rst current supply means; 

driving means for making said plurality of second current 
supply means generate the predetermined second cur 
rent at predetermined timing to make said plurality of 
laser emitting means emit respective laser beams in 
time division; 

one laser monitor means for monitoring each of the laser 
beams Which said driving means makes said plurality 
of laser emitting means emit in time division, to detect 
emitted light amounts of the respective laser beams; 

current adjusting means for individually adjusting an 
output current from at least either said ?rst current 
supply means or said second current supply means 
according to a plurality of detection results of said laser 
monitor means; and 

current control means for stopping supply of the current 
to the laser emitting means not driven When said 
driving means drives said plurality of laser emitting 
means in time division. 

3. The laser driving apparatus according to claim 2, 
Wherein said current control means comprises: 

at least one third current supply means for generating a 
current for canceling out a current near a laser emission 
threshold, generated by said ?rst current supply means 
and said second current supply means; and 

a plurality of sWitching means for connecting said third 
current supply means to said plurality of laser emitting 
means each so as to be freely sWitched on and off. 

4. The laser driving apparatus according to claim 3, 
Wherein said ?rst current supply means are comprised of 
sloW starter poWer supplies. 
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5. An image-forming apparatus comprising: 

signal input means through Which a control signal is 
supplied from the outside; 

a plurality of second current supply means for generating 
a second current controlled according to the control 
signal supplied from the outside through said signal 
input means, When necessary; 

a plurality of ?rst current supply means for alWays 
generating a ?rst current; 

a plurality of laser emitting means for individually emit 
ting a laser beam according to the second current and 
the ?rst current supplied respectively from either of 
said plurality of second current supply means and from 
either of said plurality of ?rst current supply means; 

driving means for making said plurality of second current 
supply means generate the predetermined second cur 
rent at predetermined timing to make said plurality of 
laser emitting means emit respective laser beams in 
time division; 

one laser monitor means for monitoring each of the laser 
beams Which said driving means makes said plurality 
of laser emitting means emit in time division, to detect 
emitted light amounts of the respective laser beams; 

current adjusting means for individually adjusting an 
output current from at least either said ?rst current 
supply means or said second current supply means 
according to a plurality of detection results of said laser 
monitor means; 
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current control means for stopping supply of the current 
to the laser emitting means not driven When said 
driving means drives said plurality of laser emitting 
means in time division; 

data supply means for supplying image data as the control 
signal to said signal input means; 

beam de?ecting means for de?ecting the plural laser 
beams emitted from the plurality of laser emitting 
means to effect scanning in a main scanning direction 
according to the control signal supplied from said data 
supply means; 

latent image carrying means arranged to be eXposed to 
and scanned With the plural laser beams under the 
de?ection scanning carried out by said beam de?ecting 
means; 

sub-scanning means for moving said latent image carry 
ing means relative to said beam de?ecting means in a 
sub-scanning direction; 

latent image developing means for developing a latent 
image formed on said latent image carrying means With 
toner; 

toner transferring means for transferring the toner on said 
latent image carrying means, developed by said latent 
image developing means, onto a recording medium; 
and 

toner ?xing means for ?xing the toner transferred onto the 
recording medium by said toner transferring means. 

* * * * * 


