
Note: Within nine months of the publication of the mention of the grant of the European patent in the European Patent
Bulletin, any person may give notice to the European Patent Office of opposition to that patent, in accordance with the
Implementing Regulations. Notice of opposition shall not be deemed to have been filed until the opposition fee has been
paid. (Art. 99(1) European Patent Convention).

Printed by Jouve, 75001 PARIS (FR)

(19)
E

P
1 

29
8 

69
8

B
1

��&�����������
(11) EP 1 298 698 B1

(12) EUROPEAN PATENT SPECIFICATION

(45) Date of publication and mention 
of the grant of the patent: 
28.07.2010 Bulletin 2010/30

(21) Application number: 02021675.0

(22) Date of filing: 27.09.2002

(51) Int Cl.:
H01J 31/12 (2006.01) G09G 3/22 (2006.01)

(54) Characteristics adjustment method of image forming apparatus, manufacturing method of 
image forming apparatus and characteristics adjustment apparatus of image forming apparatus

Verfahren und Vorrichtung zur Einstellung der Eigenschaften eines Bilderzeugungsgeräts und 
Verfahren zur Herstellung eines Bilderzeugungsgeräts

Procédé et appareil d’ajustement de caractéristiques d’un dispositif de formation d’images et procédé 
de fabrication d’un dispositif de formation d’images

(84) Designated Contracting States: 
DE FR GB IT NL

(30) Priority: 28.09.2001 JP 2001304610

(43) Date of publication of application: 
02.04.2003 Bulletin 2003/14

(73) Proprietor: CANON KABUSHIKI KAISHA
Ohta-ku
Tokyo (JP)

(72) Inventors:  
• Yamano, Akihiko,

c/o Canon Kabushiki Kaisha
Ohta-ku,
Tokyo (JP)

• Kuno, Mitsutoshi,
c/o Canon Kabushiki Kaisha
Ohta-ku,
Tokyo (JP)

• Aoki, Shuji,
c/o Canon Kabushiki Kaisha
Ohta-ku,
Tokyo (JP)

• Oguchi, Takahiro,
c/o Canon Kabushiki Kaisha
Ohta-ku,
Tokyo (JP)

(74) Representative: TBK-Patent
Bavariaring 4-6
80336 München (DE)

(56) References cited:  
EP-A- 0 755 042 EP-A- 0 803 892
US-A- 5 581 159 US-A- 5 656 892
US-A- 6 031 344 US-B1- 6 231 412

• PATENT ABSTRACTS OF JAPAN vol. 2000, no. 
25, 12 April 2001 (2001-04-12) & JP 2001 209352 
A (NEC CORP), 3 August 2001 (2001-08-03) & US 
2002/008482 A1 (K.KONUMA) 24 January 2002 
(2002-01-24)

• PATENT ABSTRACTS OF JAPAN vol. 1999, no. 
10, 31 August 1999 (1999-08-31) & JP 11 133911 
A (CANON INC), 21 May 1999 (1999-05-21)



EP 1 298 698 B1

2

5

10

15

20

25

30

35

40

45

50

55

Description

BACKGROUND OF THE INVENTION

Field of the Invention

[0001] The present invention relates to an image form-
ing apparatus provided with a large number of surface
conduction electron emission devices and to a charac-
teristics adjustment method for an image forming appa-
ratus, and a manufacturing method for an image forming
apparatus that are preferably applied to such an image
forming apparatus.

Related Background Art

[0002] Up to now, there have been known two types
of electron-emitting devices, namely, a hot cathode de-
vice and a cold cathode device. As the cold cathode de-
vice, for example, a field emission device. a metal/insu-
lator/metal electron-emitting device and a surface con-
duction electron emission device are known.
[0003] Among the electron-emitting devices known as
the cold cathode device, the surface conduction electron
emission device (hereinafter also referred to simply as
device) utilizes a phenomenon that electron emission is
generated by flowing an electric current to a thin film of
SnO2, Au, In2O3/SnO2, carbon or the like of a small
area, which is formed on a substrate, in parallel with the
surface of the film.
[0004] The conventional surface conduction electron
emission device will be described with reference to Fig.
17. Fig. 17 illustrates a structure of the conventional sur-
face conduction electron emission device. In the figure,
reference numeral 3001 denotes a substrate and 3004
denotes an electroconductive thin film consisting of metal
oxide formed by spattering. The electroconductive thin
film 3004 is formed in a flat H-shape as illustrated.
[0005] An electron-emitting region 3005 is formed by
applying an energization operation called energization
forming to the electroconductive thin film 3004. An inter-
val L and an interval W in the figure are set to be 0.5 to
1 (mm) and 0.1 (mm), respectively.
[0006] Note that, although the electron-emitting region
3005 is shown in the center of the electroconductive thin
film 3004 in a rectangular shape for convenience of illus-
tration, this is only schematic and does not represent an
actual position or shape of an electron-emitting region
faithfully.
[0007] As already described, in forming an electron-
emitting region of a surface conduction electron emission
device, an operation for flowing an electric current to an
electroconductive thin film to destroy or deform or dete-
riorate the thin film locally and form a crack (energization
forming operation) is performed.
[0008] It is possible to improve an electron-emitting
characteristic significantly by further performing an en-
ergization activation operation thereafter.

[0009] That is, this energization activation operation
means an operation for energizing an electron-emitting
region, which is formed by the energization forming op-
eration, under appropriate conditions to cause carbon or
carbon compound to deposit in its vicinity.
[0010] For example, a pulse of a predetermined volt-
age is periodically applied in a vacuum atmosphere in
which organic matter of an appropriate partial pressure
exists and a total pressure is 10-2 to 10-3 (Pa), whereby
any one of monocrystal graphite, polycrystal graphite and
amorphous carbon or mixture of them is deposited in the
vicinity of an electron-emitting region to have a thickness
of approximately 500 (angstroms) or less.
[0011] Note that it is needless to mention that this con-
dition is merely an example and should be appropriately
changed according to a material or a shape of a surface
conduction electron emission device.
[0012] By performing such an operation, an emission
current under the same applied voltage can be typically
increased to approximately 100 times or more as large
as that immediately after energization forming.
[0013] Therefore, in manufacturing a multi-electron
source that utilizes the above-mentioned large number
of surface conduction electron emission devices, it is also
desirable to apply the energization activation operation
to each device. (Note that it is desirable to reduce the
partial pressure of organic matter in the vacuum atmos-
phere after finishing the energization activation. This is
called a stabilization process.)
[0014] Fig. 18 is a typical graph of an emission current
Ie to device applied voltage Vf characteristic and a device
current If to device applied voltage Vf characteristic of a
surface conduction electron emission device. Here, in
this specification, an emission current means a current
that flows between an electron-emitting device and an
anode because an electron, which is emitted into a space
when the electron-emitting device is driven, is attracted
to and collides against the anode if an acceleration volt-
age is applied to the anode.
[0015] Further, the emission current Ie is extremely
small compared with the device current If and it is difficult
to illustrate them in an identical scale. In addition, these
characteristics change when design parameters such as
a size and a shape of a device is changed. Thus, two
graphs are shown by arbitrary units, respectively.
[0016] A surface conduction electron emission device
has three characteristics with respect to the emission cur-
rent Ie as described below.
[0017] When a voltage equal to or higher than a certain
voltage (which is called threshold voltage Vth) is applied
to the device, the emission current Ie increases steeply.
On the other hand, the emission current Ie is hardly de-
tected under a voltage lower than the threshold voltage
Vth.
[0018] That is, the device is a nonlinear device having
the clear threshold voltage Vth with respect to the emis-
sion current Ie.
[0019] Since the emission current Ie changes depend-
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ing on the voltage Vf applied to the device, a magnitude
of the emission current Ie can be controlled by the voltage
Vf.
[0020] Since a response speed of the current Ie emit-
ted from the device to the voltage Vf applied to the device
is high, an amount of charges of electrons emitted from
the device can be controlled according to a length of time
during which the voltage Vf is applied.
[0021] For characteristic adjustment of the surface
conduction electron emission device, as described in
Japanese Patent Application Laid-Open No. 10-228867
and the like, characteristics of each device can be ad-
justed by applying a voltage equal to or higher than a
certain voltage (which is called threshold voltage Vth) to
the device, that is, by applying a characteristic shift volt-
age (hereinafter also referred to simply as shift voltage)
for adjusting characteristics.
[0022] Incidentally, a surface conduction electron
emission device has an advantage in that a large number
of devices can be formed over a large area because it
has a simple structure and is easily manufactured.
[0023] Thus, image forming apparatuses such as an
image display apparatus and an image recording appa-
ratus, an electron beam source and the like, to which a
surface conduction electron emission device is applied,
have been studied.
[0024] The inventors have examined surface conduc-
tion electron emission devices of various materials, man-
ufacturing methods and structures. Moreover, the inven-
tors have studied a multi-electron beam source (also re-
ferred to simply as electron source), in which a large
number of surface conduction electron emission devices
are arranged, and an image display apparatus to which
this electron source is applied.
[0025] For example, the inventors have attempted to
manufacture an electron source according to an electric
wiring method shown in Fig. 19. Fig. 19 is a view explain-
ing matrix wiring of a conventional multi-electron source.
[0026] In Fig. 19, reference numeral 4001 denotes
schematically shown surface conduction electron emis-
sion devices; 4002 denotes row direction wiring; and
4003 denotes column direction wiring. In the figure, wiring
resistances are denoted by 4004 and 4005.
[0027] The wiring method as described above is called
passive matrix wiring. Note that, although the wiring is
shown as a 6 � 6 matrix for convenience of illustration,
a size of the matrix is not limited to this of course.
[0028] In the electron source in which devices are ar-
ranged in passive matrix, an appropriate electric signal
is applied to the row direction wiring 4002 and the column
direction wiring 4003 in order to output a desired emission
current. In addition, at the same time, a high voltage is
applied to an anode electrode (not shown).
[0029] For example, in order to drive arbitrary devices
in matrix, a selection voltage Vs is applied to terminals
of the row direction wiring 4002 of rows to be selected,
and at the same time, a non-selection voltage Vns is ap-
plied to terminals of the row direction wiring 4002 of rows

not to be selected.
[0030] In synchronous with this, modulation voltages
Ve1 to Ve6 for outputting emission currents are applied
to terminals of the column direction wiring 4003. Accord-
ing to this method, voltages of Ve1 - Vs to Ve6 - Vs are
applied to the devices to be selected and voltages of Ve1
- Vns to Ve6 - Vns are applied to the devices not to be
selected.
[0031] Here, if Ve1 to Ve6, Vs and Vns are set to ap-
propriate magnitudes such that a voltage equal to or high-
er than the threshold voltage Vth is applied to the devices
to be selected and a voltage equal to or lower than the
threshold voltage Vth is applied to the devices not to be
selected, an emission current of a desired strength is
outputted only from the devices to be selected.
[0032] Therefore, the multi-electron source in which
surface conduction electron emission devices are ar-
ranged in passive matrix has a possibility that it can be
applied in various ways. For example, if an electric signal
according to image information is appropriately applied,
the multi-electron source can be preferably used as an
electron source for an image display apparatus.
[0033] The multi-electron source manufactured in this
way causes slight fluctuation in an emission character-
istic of respective electron sources due to variation in a
process, or the like.
[0034] Such a multi-electron source is preferable for
manufacturing a flat image forming apparatus of a large
screen. However, since there are a large number of elec-
tron sources unlike a CRT or the like, if an image forming
apparatus is manufactured using this, there is a problem
in that fluctuation of characteristics of respective electron
sources appears as fluctuation of luminance.
[0035] As described above, as reasons why an elec-
tron emission characteristic in a multi-electron source is
different for each electron source, various causes are
possible such as fluctuation of components of a material
used in an electron emitting region, an error of a dimen-
sion and shape of each member of the device, nonuni-
formity of energization conditions in an energization form-
ing operation, and nonuniformity of energization condi-
tions and an atmospheric gas in an energization activa-
tion process.
[0036] However, a highly advanced manufacturing fa-
cility and an extremely strict process management are
required if it is attempted to remove all of these causes.
If these are satisfied, manufacturing costs increase enor-
mously. Thus, it is not realistic to remove all of these
causes.
[0037] In Japanese Patent Application Laid-Open No.
10-228867 and the like, a method is disclosed which pro-
vides a process of measuring respective characteristics
in order to control the fluctuation and a process of apply-
ing a characteristic shift voltage for adjusting a charac-
teristic to obtain a value corresponding to a reference
value.
[0038] However, in the process of measuring charac-
teristics in the invention disclosed in Japanese Patent
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Application Laid-Open No. 10-228867 and the like, as
shown in Fig. 20 (flow chart), there is a process of se-
lecting a device (step 2007), applying a voltage to meas-
ure the emission current Ie and luminance (step 2004),
saving a result of the measurement in a memory (step
2005) and repeating this measurement operation for all
the devices (step 2008). Fig. 20 is a flow chart of a char-
acteristics measurement process in a characteristic ad-
justment method of the conventional invention.
[0039] It is likely that such a process of measuring char-
acteristics of devices for each device takes a long time
if the process is used in a high resolution image forming
apparatus such as a high definition TV these days, that
is, if the number of pixels is large.
[0040] Moreover, if luminance is used as a parameter
indicating an indicator of nonuniformity, there is an effect
that fluctuation of a partial light-emitting characteristic of
a phosphor can also be corrected. However, if P22 that
is a phosphor generally used in a CRT is used, the red
phosphor has 1/10 afterglow time of approximately 10
mu s for green and blue and 1 ms for red.
[0041] If light emission from one device is measured
using an optical system one by one, since there is the
afterglow time, it is necessary to set a time interval for
driving a certain device and the next device to be equiv-
alent to at least the afterglow time.
[0042] Therefore, if a high definition display having pix-
els of approximately 1,280 x RGB x 768 is constituted, it
takes a long time, approximately 1,000 seconds, for
measuring all the points.
[0043] Document EP-A-0 803 892 discloses an elec-
tron generating apparatus, an image forming apparatus,
a method of manufacturing the same and a method of
adjusting characteristics thereof. Characteristic measur-
ing voltages are applied from pulse generators to each
surface-conduction emission device of a display panel,
so that the electron-emitting characteristics are meas-
ured by a current detector. A pulse peak value setting
circuit is controlled to output a voltage signal having a
peak value determined in the above manner, and char-
acteristic shift voltages are applied from the pulse gen-
erators to the surface-conduction emission device. With
this process, the electron-emitting characteristics of the
surface-conduction emission devices are equalized. The
characteristic shift voltage is higher than the character-
istic measuring voltage, and the characteristic measuring
voltage is higher than a driving voltage.
[0044] Document US-A-5 581 159 discloses a back-
to-back diode current regulator for a field emission dis-
play. There is provided a circuit for regulating the pixel
current in a field emission display so as to enhance pixel-
to-pixel uniformity of pixel current. The pixel current flows
through a pair of diodes connected back-to-back. A tran-
sistor circuit controls the voltage across the back-to-back
diode pair, so that the voltage/current transfer character-
istic of the diode pair determines the pixel current.

SUMMARY OF THE INVENTION

[0045] The present invention has been devised in view
of the above and other drawbacks, and it is an object of
the present invention to provide an improved character-
istic adjustment method for an image forming apparatus
and an improved manufacturing method for an image
forming apparatus that are capable of adjusting charac-
teristics of a multi-electron source with a simple process
and making an in-plane light emission characteristic of
image display uniform.
[0046] This object is achieved by a method of adjusting
characteristics for an image forming apparatus according
to claim 1 and by a manufacturing method for an image
forming apparatus according to claim 7. Advantageous
further developments are as set forth in the dependent
claims.

BRIEF DESCRIPTION OF THE DRAWINGS

[0047]

Fig. 1 is a perspective view showing a display panel
of an image forming apparatus partly cut away, which
is used for a characteristic adjustment method for an
image forming apparatus of the present invention;
Fig. 2 is a plan view of a substrate of a multi-electron
source of the image forming apparatus shown in Fig.
1;
Fig. 3 is a plan view illustrating a phosphor arrange-
ment of a face plate of the display panel of the image
forming apparatus shown in Fig. 1;
Fig. 4 is a schematic diagram showing an image
forming apparatus using a multi-electron source and
a characteristic adjustment apparatus for an image
forming apparatus for applying a characteristic ad-
justment signal to this image forming apparatus,
which are used in a first embodiment of the charac-
teristic adjustment method for an image forming ap-
paratus in accordance with the present invention;
Fig. 5 is a drive timing chart in the characteristic ad-
justment apparatus of the image forming apparatus
shown in Fig. 4;
Fig. 6 is a schematic view showing a state in which
bright spots on the image forming apparatus shown
in Fig. 4 are projected on an area sensor;
Fig. 7 is a graph showing an example of an emission
current characteristic at the time when a drive volt-
age (wave height value of a drive pulse) Vf of each
surface conduction electron emission device to
which a preliminary drive voltage wave height value
Vpre is applied during a process of manufacturing a
multi-electron source of a display panel 301 by the
characteristic adjustment method for an image form-
ing apparatus in accordance with the present inven-
tion:
Fig. 8 is a graph showing a change in the emission
current characteristic at the time when a character-
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istic shift voltage is applied to a device having the
emission current characteristic of (a) in Fig. 7;
Fig. 9 is a graph showing changes in a wave height
value of a characteristic shift pulse voltage and an
emission current;
Fig. 10 is a flow chart showing characteristic adjust-
ment operation for each surface conduction electron
emission device of the electron source of the first
embodiment of the characteristic adjustment method
for an image forming apparatus in accordance with
the present invention:
Fig. 11 is a flow chart showing processing for apply-
ing a characteristic adjustment signal based on an
electron emission characteristic measured in the first
embodiment of the characteristic adjustment method
for an image forming apparatus in accordance with
the present invention;
Fig. 12 is a schematic diagram showing an image
forming apparatus using a multi-electron source and
an characteristic adjustment apparatus for an image
forming apparatus for applying a characteristic ad-
justment signal to this image forming apparatus,
which are used in a second embodiment of the char-
acteristic adjustment method for an image forming
apparatus in accordance with the present invention;
Fig. 13 is a perspective view showing a structure of
the characteristic adjustment apparatus in the sec-
ond embodiment of the characteristic adjustment
method for an image forming apparatus in accord-
ance with the present invention;
Fig. 14 is a flow chart showing processing for per-
forming characteristic adjustment of each surface
conduction electron emission device of an electron
source of the second embodiment of the character-
istic adjustment method for an image forming appa-
ratus in accordance with the present invention;
Fig. 15 is a schematic view showing sight positions
set in the image forming apparatus in the second
embodiment of the characteristic adjustment method
for an image forming apparatus in accordance with
the present invention;
Fig. 16 is a flow chart showing processing for apply-
ing a characteristic adjustment signal in the second
embodiment of the characteristic adjustment method
for an image forming apparatus in accordance with
the present invention;
Fig. 17 is a view showing a structure of a conven-
tional surface conduction electron emission device;
Fig. 18 is a graph showing an example of a device
characteristic of a surface conduction electron emis-
sion device;
Fig. 19 is a view explaining matrix wiring of a con-
ventional multi-electron source; and
Fig. 20 is a flow chart of a characteristic measure-
ment process in a characteristic adjustment method
of a conventional invention.

DESCRIPTION OF THE PREFERRED EMBODIMENTS

[0048] A characteristic adjustment method for an im-
age forming apparatus in accordance with the present
invention that is provided with a multi-electron source in
which a plurality of electron-emitting devices are electri-
cally connected by wiring and arranged on a substrate
and a fluorescent member for emitting light by irradiation
of an electron beam, is characterized by including: a
measurement step of dividing a display portion of the
image forming apparatus into a plurality of areas and
measuring light emitting characteristics of at least one or
more of the electron-emitting devices in the respective
divided areas; and a shifting step of shifting the light emit-
ting characteristics of the electron-emitting devices in the
divided areas to individual characteristic target values by
applying a characteristic shift voltage to the electron-
emitting devices.
[0049] Also, a characteristic adjustment method for an
image forming apparatus in accordance with the present
invention is characterized in that the measurement step
includes: a luminance measurement step of applying a
drive voltage to the electron-emitting devices to measure
luminance of the electron-emitting devices; and a calcu-
lation step of comparing a relationship between the drive
voltage and the luminance of the measured electron-
emitting devices and a relationship between a drive volt-
age and luminance of at least one or more electron-emit-
ting devices with different initial characteristics, selecting
electron-emitting devices with an initial characteristic that
substantially coincides with the initial characteristic of the
measured electron-emitting devices, and calculating a
characteristic shift voltage to be applied to the measured
electron-emitting devices based on a relationship be-
tween a characteristic shift voltage to be applied to the
selected electron emitting-devices and an emission cur-
rent from the selected electron-emitting devices.
[0050] Alto, a characteristic adjustment method for an
image forming apparatus in accordance with the present
invention is characterized in that the measurement step
is a step of driving a plurality of electron-emitting devices
among the electron-emitting devices in the divided areas
simultaneously to measure luminance.
[0051] Also, a characteristic adjustment method of an
mage forming apparatus in accordance with the present
invention is characterized in that the measurement step
is a step of selecting at least one or more electron-emit-
ting devices out of electron-emitting devices in different
divided areas among the divided areas and measuring
a relationship between a drive voltage and luminance of
the electron-emitting devices in the different divided ar-
eas among the divided areas simultaneously.
[0052] Also, a characteristic adjustment method for an
image forming apparatus in accordance with the present
invention is characterized in that the measurement of
luminance in the measurement step is performed by a
luminance measurement apparatus that is capable of
measuring luminance of at lease one or more electron-
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emitting devices in each of the divided areas without mov-
ing.
[0053] Also, a characteristic adjustment method of an
image forming in accordance with the present invention
is characterized in that the shifting step includes a step
of selecting at least one or more electron-emitting devic-
es out of electron-emitting devices in different divided
areas among the divided areas and applying a charac-
teristic shift voltage to each of the electron-emitting de-
vices in the different divided areas among the divided
areas simultaneously.
[0054] Moreover, a manufacturing method for an im-
age forming apparatus in accordance with the present
invention that is provided with a multi-electron source in
which a plurality of electron-emitting devices are electri-
cally connected by wiring and arranged on a substrate
and a fluorescent member for emitting light by irradiation
of an electron beam, is characterized in that: a step of
forming a plurality of electrodes for electron-emitting de-
vices and electroconductive films on the substrate; a step
of forming electron-emitting portions of the plurality of
electron-emitting devices by energizing the electrocon-
ductive films via the electrodes for electron-emitting de-
vices; a step of activating the electron-emitting portions;
and a step of performing the characteristic adjustment
method of the above image forming apparatus.
[0055] Further, an image forming apparatus in accord-
ance with the present invention is characterized in that
a characteristic shift voltage is applied to an electron-
emitting device and a characteristic is adjusted by the
characteristic adjustment method of the above image
forming apparatus.
[0056] Moreover, a characteristic adjustment appara-
tus in accordance with the present invention that is pro-
vided with a multi-electron source in which a plurality of
electron-emitting devices are electrically connected by
wiring and arranged on a substrate and a fluorescent
member for emitting light by irradiation of an electron
beam, is characterized by including: selecting and driving
means for selecting and driving a plurality of electron-
emitting devices in rectangular areas of a display portion
of the image forming apparatus; timing signal generating
means synchronous with a driving time of the selecting
and driving means; at least one luminance measuring
means for capturing a light emitting signal of light emitting
means, which emits light by electrons emitted form the
electron-emitting devices, in synchronous with an output
of the timing signal generating means; arithmetic opera-
tion means for finding light emitting characteristics of the
selected electron-emitting devices from a value of the
light emitting signal captured by the luminance measur-
ing means and selecting information used by the select-
ing and driving means in selecting the electron-emitting
devices; storing means for storing an output of the arith-
metic operation means; voltage applying means for ap-
plying a voltage to the selected electron-emitting devices
based on the light emitting characteristics found by the
arithmetic operation means; and at least one or more

moving means for relatively moving the luminance meas-
uring means and the display portion.
[0057] Also, a characteristic adjustment apparatus in
accordance with the present invention is characterized
in that the selecting and driving means drives a plurality
of electron-emitting devices among electron-emitting de-
vices in the divided areas simultaneously.
[0058] Also, a characteristic adjustment apparatus in
accordance with the present invention is characterized
in that the voltage applying means is capable of simul-
taneously applying different voltages to the electron emit-
ting devices in the rectangular areas, respectively.
[0059] Also, a characteristic adjustment apparatus in
accordance with the present invention that is provided
with a multi-electron source in which a plurality of elec-
tron-emitting devices are electrically connected by wiring
and arranged on a substrate and a fluorescent member
for emitting light by irradiation of an electron beam, is
characterized by including: at least one or more lumi-
nance measurement apparatus that is capable of, in the
case where a display portion of the image forming appa-
ratus is divided into a plurality of areas, measuring lumi-
nance of electron-emitting devices of the entire one area
among the plurality of areas without moving; a control
circuit for calculating a characteristic shift voltage to be
applied to the electron-emitting devices based on a re-
lationship between a drive voltage applied to the electron-
emitting devices and luminance measured by the lumi-
nance measurement apparatus; and applying means for
applying the characteristic shift voltage to the electron-
emitting devices.
[0060] Also, a characteristic adjustment apparatus in
accordance with the present invention is characterized
in that the luminance measurement apparatus meas-
ures luminance of a plurality of electron-emitting devices,
which are simultaneously driven, in the divided areas.
[0061] Also, a characteristic adjustment apparatus in
accordance with the present invention is characterized
in that the control circuit is provided with a memory for
storing a relationship between luminance and a drive volt-
age of at least one or more electron-emitting devices with
different initial characteristics and storing, for each of the
electron-emitting devices with different initial character-
istics, a relationship between a characteristic shift voltage
to be applied to the electron-emitting device and an emis-
sion current from the electron-emitting device, selects a
relationship between the luminance and the drive voltage
stored in the memory with which a relationship between
the luminance and the drive voltage of the electron-emit-
ting devices whose luminance is measured substantially
coincides, and calculates a characteristic shift voltage to
be applied to the measured electron-emitting devices
based on a relationship between the characteristic shift
voltage of an electron-emitting device, which has the se-
lected relationship between the luminance and the drive
voltage, and an emission current from the electron-emit-
ting device.
[0062] Moreover, the image forming apparatus in ac-
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cordance with the present invention is characterized in
that a characteristic shift voltage is applied to an electron-
emitting device and a characteristic is adjusted by the
characteristic adjustment apparatus.
[0063] That is, the characteristic adjustment method
for an image forming apparatus in accordance with the
present invention is a characteristic adjustment method
for an image forming apparatus using an electron source
in which a plurality of electron-emitting devices are elec-
trically connected by wiring and arranged on a substrate
in order to attain the above-mentioned objects, which is
characterized by including a measurement step of meas-
uring light emitting characteristics of a plurality of elec-
tron-emitting devices at the time of driving the electron
source simultaneously, a step of finding an individual light
emitting characteristics distribution of each electron-
emitting device from the measured light emitting charac-
teristics and a shifting step of shifting the light emitting
characteristics of the plurality of electron-emitting devic-
es to a target value by application of a characteristic shift
voltage.
[0064] Moreover, the characteristic adjustment meth-
od for an image forming apparatus in accordance with
the present invention has a step of relatively moving a
position of a display panel and means for obtaining a light
emitting characteristic.

(Actions)

[0065] In an image forming apparatus having a multi-
electron source, in which a plurality of surface conduction
electron emission devices are electrically connected by
wiring and arranged on a substrate, and a fluorescent
member that emits light by irradiation of an electron
beam, a plurality of surface conduction electron emission
devices of desired addresses are driven by selecting and
driving means simultaneously with respect to an area in
a measurement sight of a luminance measurement ap-
paratus which is a part of a screen.
[0066] Electrons emitted from the driven surface con-
duction electron emission devices reach light emitting
means and emit light.
[0067] Bright spots corresponding to the driven elec-
tron-emitting devices are formed on the light emitting
means. A signal of two-dimensional bright spots is pho-
toelectrically converted by using timing signal generating
means having a signal synchronous with a drive time as
an output for a synchronizing signal and using luminance
measuring means.
[0068] A luminance characteristic value correspond-
ing to the respective driven surface conduction electron
emission devices is calculated from the photoelectrically
converted two-dimensional luminance signal and an ad-
dress of a drive device using arithmetic operation means.
[0069] Comparison of fluctuation of a luminance char-
acteristic value and a target value of characteristic ad-
justment is performed, and a characteristic shift voltage
is applied only to a surface conduction electron emission

device in which the luminance characteristic value has
not reached a reference value.
[0070] A characteristic of the electron-emitting device
to which the shift voltage is applied is adjusted to a target
light emitting characteristic.
[0071] Selection of a device to be driven by selecting
and driving means is changed, and all characteristics of
the devices within luminance measurement sight are ad-
justed.
[0072] Moreover, relative positions of the luminance
measuring means and the image forming apparatus are
changed to change the measurement sight. The above-
mentioned process is repeated, whereby a uniform char-
acteristic is given across the entire area of the image
forming apparatus.
[0073] Moreover, if a plurality of luminance measure-
ment apparatuses are provided and wiring is constituted
in a passive matrix configuration, devices in areas cor-
responding to the plurality of luminance measurement
apparatuses, respectively, are simultaneously selected
and driven.
[0074] Luminance characteristic values correspond-
ing to the driven devices are measured in the same man-
ner as the case where there is only one luminance meas-
urement apparatus.
[0075] A shift voltage is applied only to a device whose
luminance characteristic is not adjusted to the target val-
ue. This process is sequentially repeated with respect to
the sights.
[0076] When the image forming apparatus, whose
characteristics are adjusted by applying a characteristic
shift voltage as described above, is driven by a drive volt-
age Vf of a value lower than a wave height value of a
characteristic shift voltage of any device, an image form-
ing apparatus in which light emission luminance by all
the surface conduction electron-emitting devices are uni-
form can be obtained. Here, a relationship between a
characteristic shift voltage to be applied to the electron-
emitting device and an emission current from the elec-
tron-emitting device is a relationship between a change
in the characteristic shift voltage and a change in the
emission current if a constant drive current is applied to
the electron-emitting device, for example, as shown in
Fig. 9.
[0077] Preferred embodiments of the present inven-
tion will be hereinafter described in detail illustratively
with reference to the accompanying drawings. However,
dimensions, materials, shapes and a relative arrange-
ment of components described in the embodiments are
not meant to limit a scope of the present invention only
to them unless specifically described otherwise.
[0078] In addition, in the drawings referred to below,
the same members as those described in the figures al-
ready referred to are denoted by the same reference nu-
merals. Further, the following descriptions of each em-
bodiment of a characteristic adjustment method for an
image forming apparatus in accordance with the present
invention also serves as descriptions of each embodi-
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ment of a manufacturing method for an image forming
apparatus, an image forming apparatus and a character-
istic adjustment apparatus in accordance with the
present invention.

(First embodiment of the characteristic adjustment meth-
od for an image forming apparatus)

[0079] A first embodiment of a characteristic adjust-
ment method for an image forming apparatus in accord-
ance with the present invention will be hereinafter de-
scribed. In the embodiment described below, an example
in which the present invention is applied to an image form-
ing apparatus using a multi-electron beam source is
shown.
[0080] First, a structure and a manufacturing method
of a display panel of the image forming apparatus to
which the present invention is applied will be described.

(A structure and a manufacturing method of a display 
panel)

[0081] Fig. 1 is a perspective view of a display panel
of the image forming apparatus to which the present in-
vention is applied, in which a part of the panel is cut away
in order to show its internal structure.
[0082] In the figure, reference numeral 1005 denotes
a rear plate; 1006, a sidewall; and 1007, a face plate. An
airtight container for maintaining the inside of the display
panel vacuum is formed by the rear plate 1005, the side-
wall 1006 and the face plate 1007. In assembling the
airtight container, it is necessary to seal joining portions
of each member to cause them to hold sufficient strength
and airtightness. For example, sealing was attained by
applying frit glass on the joining portions and baked for
10 minutes or more under the temperature of 400 to
500°C in the atmosphere or a nitrogen atmosphere.
[0083] A substrate 1001 is fixed to the rear plate 1005,
and m � n pieces of surface conduction electron emis-
sion devices are formed on the substrate. The numbers
m and n are appropriately set according to a target
number of display pixels. In this embodiment, it was as-
sumed that m is 3,840 and n is 768.
[0084] A portion constituted by components denoted
by reference numerals 1001 to 1004 is called a multi-
electron beam source. Fig. 2 shows a plan view of the
multi-electron beam source of the image forming appa-
ratus shown in Fig. 1.
[0085] The surface conduction electron emission de-
vices 1002 as electron-emitting devices are arranged on
the substrate 1001. These devices are wired in a passive
matrix shape by row direction wiring electrodes 1003 and
column direction wiring electrodes 1004.
[0086] Insulating layers (not shown) are formed be-
tween electrodes in parts where the row direction wiring
electrodes 1003 and the column direction wiring elec-
trodes 1004 intersect, whereby electric insulation is kept.
[0087] Further, the multi-electron beam source of such

a structure is manufactured by feeding power to each
device via the row direction wiring electrodes 1003 and
the column direction wiring electrodes 1004 to perform
an energization forming operation and an energization
activation operation after forming the row direction wiring
electrodes 1003, the column direction wiring electrodes
1004, the inter-electrodes insulating layers and device
electrodes and electroconductive thin films of the surface
conduction electron emission devices were formed on
the substrate 1001 in advance.
[0088] A fluorescent film 1008 is formed below the face
plate 1007 of Fig. 1. Since the image forming apparatus
of this embodiment is a color display apparatus, phos-
phors of three primary colors of red, green and blue,
which are used in the field of CRT, are separately coated
in parts of the fluorescent film 1008.
[0089] As shown in Fig. 3, phosphors of each color are
separately coated in a stripe shape, and black electric
conductors 1010 are provided between each stripe of the
phosphors. Therefore, an image forming apparatus hav-
ing a resolution of 1,280 � 768 as the number of display
pixels is formed. Fig. 3 is a plan view illustrating an ar-
rangement of phosphors on the face plate of the display
panel of the image forming apparatus shown in Fig. 1.
[0090] Purposes of providing the black electric con-
ductor 1010 are to prevent dislocation from occurring in
displayed colors even if an irradiation position of an elec-
tron beam is slightly dislocated, to prevent reflection of
external light to keep display contrast from decreasing,
to prevent charge-up of a fluorescent film by an electron
beam, and the like.
[0091] Although graphite was used as a main compo-
nent in the black electric conductor 1010, other materials
may be used as long as they are suitable for the above-
mentioned purposes. In addition, a way of separately
coating the phosphors of three primary colors is not lim-
ited to the arrangement of a stripe shape shown in Fig.
3 but may be a delta shaped arrangement or arrange-
ments other than that.
[0092] A metal back 1009 that is well known in the field
of CRT is provided on a surface on the rear plate side of
the fluorescent film 1008.
[0093] Purposes of providing the metal back 1009 are
to perform mirror-reflection of a part of light emitted by
the fluorescent film 1008 to improve a light utilization, to
protect the fluorescent film 1008 from collision of negative
ion, to cause it to act as an electrode for applying an
electron beam acceleration voltage, to cause it to act as
an electric conduction path of electrons that excite the
fluorescent film 1008, and the like.
[0094] The metal back 1009 is formed by a method of
forming the fluorescent film 1008 on the face plate 1007
and, then, applying a smoothing operation to the surface
of the fluorescent film and depositing Al thereon by vac-
uum evaporation.
[0095] Dx1 to Dxm, Dy1 to Dyn and Hv are terminals
for electric connection of an airtight structure provided
for electrically connecting the display panel and an elec-
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tric circuit (not shown).
[0096] The terminals Dx1 to Dxm, Dy1 to Dyn and Hv
are electrically connected to the column direction wiring
electrodes 1003 of the electron source, the row direction
wiring electrodes 1004 of the electron source and the
metal back 1009 of the face plate, respectively.
[0097] In order to evacuate the airtight container to be
vacuum, after assembling the airtight container, an ex-
haust pipe (not shown) and vacuum pump are connected
to evacuate the airtight container to a vacuum degree of
approximately 1.0 � 10-6 (Pa).
[0098] Thereafter, the exhaust pipe is sealed. In order
to maintain a degree of vacuum in the airtight container,
a getter film (not shown) is formed in a predetermined
position in the airtight container immediately before or
after the sealing.
[0099] The getter film is a film that is formed by heating
and evaporating a getter material containing, for exam-
ple, Ba as a main component by a heater or high fre-
quency heating. A degree of vacuum in the airtight con-
tainer is maintained to be approximately 1.0 � 10-6 (Pa)
by an absorptive action of the getter film. That is, the
airtight container is in a stabilized state in which a partial
pressure of organic matter is reduced.
[0100] The preferred embodiment of the present in-
vention will be hereinafter described more in detail with
reference to the accompanying drawings. As a result of
earnestly conducting studies for improving characteris-
tics of a surface conduction electron emission device,
the inventors found that changes over time can be re-
duced by performing preliminary drive processing prior
to usual driving in a manufacturing process.
[0101] Since the preliminary driving and characteristic
adjustment of an electron source are integrated to be
performed in this embodiment, the preliminary driving will
be described first.
[0102] As described above, a device subjected to an
energization forming operation and an energization ac-
tivation operation is maintained in a stabilized state in
which the partial pressure of organic matter is reduced.
[0103] An energization operation that is applied prior
to normal driving in such an atmosphere in which the
partial pressure of organic matter in a vacuum atmos-
phere is reduced (stabilized state) is the preliminary driv-
ing.
[0104] An electric field intensity in the vicinity of an
electron-emitting region that is driving in a surface con-
duction electron emission device is extremely high. Thus,
if an electron-emitting region drives for a long time under
an identical drive voltage, an emitted electron amount
gradually decreases. Changes over time in the vicinity
of the electron-emitting region due to a high electric field
intensity is considered to appear as a decrease in an
emitted electron amount.
[0105] The preliminary driving means measuring an
electric field intensity in the vicinity of an electron-emitting
region of a device at the time of driving at a voltage of
Vpre after driving a surface conduction electron emission

device subjected to a stabilization process at the voltage
Vpre.
[0106] Thereafter, usual driving is performed at a usual
drive voltage Vdrv at which the electric field intensity is
reduced. The electron-emitting region of the device is
driven with a large electric field intensity in advance by
driving by application of the Vpre voltage. Consequently,
it is considered that changes of structural members,
which become a cause of instability of characteristics
over time at the time of long term driving at the usual
drive voltage Vdrv, can intensively emerge in a short pe-
riod to reduce variation factors.
[0107] In this embodiment, if there is fluctuation in
characteristics of each electron-emitting device at the
usual drive voltage Vdrv prior to use of the electron-emit-
ting devices in the image forming apparatus, character-
istics adjustment of each device is performed such that
the fluctuation is reduced and the devices have a uniform
distribution (a method of characteristics adjustment will
be described later).
[0108] Fig. 4 shows a structure of a drive circuit for
applying a waveform signal for characteristics adjust-
ment to each surface conduction electron emission de-
vice of the display panel 301 to change an electron-emit-
ting characteristic of respective surface conduction elec-
tron emission devices of an electron source substrate.
That is, Fig. 4 is a schematic diagram of an image forming
apparatus using a multi-electron source and a charac-
teristics adjustment apparatus for an image forming ap-
paratus that applies a characteristics adjustment signal
to this image forming apparatus.
[0109] In Fig. 4, reference numeral 301 denotes a dis-
play panel, in which a substrate having a plurality of sur-
face conduction electron emission devices arranged in
a matrix form, a face plate having phosphors that are
provided on the substrate apart from each other and emit
light by electrons emitted from the surface conduction
electron emission devices, and the like are arranged in
a vacuum container.
[0110] The preliminary drive voltage Vpre is applied to
each device of the display panel 301 prior to character-
istics adjustment. Reference numeral 302 denotes a ter-
minal for applying a high voltage from a high voltage
source 311 to the phosphors of the display panel 301.
[0111] Reference numerals 303 and 304 denote
switch matrices, which select row direction wiring and
column direction wiring, respectively, to select an elec-
tron-emitting device to which a pulse voltage is applied.
[0112] Reference numerals 306 and 307 denote pulse
generation circuits, which generate pulse waveform sig-
nals Px and Py for driving.
[0113] Reference numeral 305 denotes a luminance
measurement apparatus for capturing light emission of
the image forming apparatus to perform photoelectric
sensing, which consists of an optical lens 305a and an
area sensor 305b.
[0114] In the present invention, a CCD is used as the
area sensor 305b. A state of light emission of the image
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forming apparatus is electronically shown as two-dimen-
sional image information using this optical system.
[0115] Reference numeral 308 denotes an arithmetic
operation circuit. Two-dimensional image information Ixy
that is an output of the area sensor 305b and positional
information Axy designated in the switch matrices 303
and 304 are inputted in the arithmetic operation circuit
308 from a switch matrix control circuit 310, whereby the
arithmetic operation circuit 308 calculates information of
a light emission corresponding to each one of the driven
surface conduction electron emission devices and out-
puts the information to a control circuit 312 as Lxy. Details
of this method will be described later.
[0116] Reference numeral 309 denotes a robot system
for relatively moving the area sensor with respect to the
panel, which consists of a ball screw (not shown) and
linear guide (not shown).
[0117] Reference numeral 311 denotes a circuit set-
ting a pulse height value, which outputs pulse setting
signals Lpx and Lpy, thereby determining a wave height
value of pulse signals outputted from the pulse generator
circuits 306 and 307, respectively. Reference numeral
312 denotes a control circuit, which controls the entire
characteristics adjustment flow and outputs data Tv for
setting a wave height value in the circuit setting a pulse
height value. Further, reference numeral 312a denotes
a CPU, which controls operations of the control circuit
312.
[0118] Reference numeral 312b denotes a memory
storing luminance data for storing light emission charac-
teristics of each device for characteristics adjustment of
each device.
[0119] More specifically, the memory storing lumi-
nance data 312b stores light emission data that is pro-
portional to luminance of light emitted by electrons emit-
ted from each device at the time of applying the usual
drive voltage Vdrv.
[0120] Reference numeral 312c denotes a memory for
storing a characteristic shift voltage required for adjusting
characteristics to target set values.
[0121] Reference numeral 312d denotes a lookup ta-
ble (LUT) that is referred to in order to perform charac-
teristics adjustment of a device, which will be described
in detail later.
[0122] Reference numeral 310 denotes a switch matrix
control circuit, which outputs switch changeover signals
Tx and Ty to control selection of the switch matrices 303
and 304, thereby selecting an electron-emitting device
to which a pulse voltage is applied. In addition, the switch
matrix control circuit outputs address information Axy on
which device is turned on to the arithmetic operation ap-
paratus 308.
[0123] Next, operations of this drive circuit will be de-
scribed. The operations of this circuit has a stage of
measuring light emission luminance of each surface con-
duction electron emission device to obtain luminance
fluctuation information required for attaining an adjust-
ment target value and a stage for applying a pulse wave-

form signal for characteristic shift such that the adjust-
ment target value is attained.
[0124] First of all, a method of measuring light emission
luminance will be described. First, the luminance meas-
urement apparatus 305 is moved to be positioned oppo-
site to a display panel, on which it is desired to measure
light emission luminance, by the robot system 309.
[0125] Next, the switch matrix control circuit 310 con-
trols the switch matrices 303 and 304 to select predeter-
mined row direction wiring or column direction wiring ac-
cording to a switch matrix control signal Tsw from the
control circuit 312, and the row direction wiring or the
column direction wiring is switched to be connected such
that a surface conduction electron-emitting device of a
desired address can be driven.
[0126] On the other hand, the control circuit 312 out-
puts the wave height value data Tv for measuring electron
emission characteristics to the circuit setting a pulse
height value 311. Consequently, wave height value data
Lpx and Lpy are outputted to the respective pulse gen-
eration circuits 306 and 307 from the circuit setting a
pulse height value 311.
[0127] The respective pulse generation circuits 306
and 307 output drive pulses Px and Py based on the
wave height value data Lpx and Lpy, and the drive pulses
Px and Py are applied to the device selected by the switch
matrices 303 and 304.
[0128] Here, the drive pulses Px and Py are set to have
an amplitude of a half of a voltage (wave height value)
Vdrv that is applied to a surface conduction electron emis-
sion device for characteristics measurement and have
different polarities from each other. In addition, at the
same time, a predetermined voltage is applied to phos-
phors of the display panel 301 by the high voltage power
supply 313.
[0129] The processes of address selection and pulse
application are repeated over a plurality of row wirings
to drive a rectangular area of a display panel while scan-
ning it.
[0130] Then, a signal Tsync indicating a period of the
repeated processes is sent to an area sensor as a trigger
of an electronic shutter.
[0131] That is, as shown in Fig. 5, the control circuit
312 outputs drive signals in synchronous with the switch
changeover signals Tx and Ty and sequentially outputs
the switch changeover signals Ty for the number of row
wirings to be scanned. Fig. 5 is a drive timing chart in the
characteristic adjustment apparatus for an image forming
apparatus shown in Fig. 4.
[0132] The Tsync signal is outputted so as to cover the
plurality of Ty signals. Since the shutter of the area sensor
305b is opened for a period during which the Tsync signal
is at logical high, a lighted image reduced through the
optical lens 305a is focused on the area sensor 305b.
[0133] Fig. 6 schematically shows a state described
above. Fig. 6 is a schematic view showing a state in which
bright spots on the image forming apparatus shown in
Fig. 4 are projected on an area sensor.
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[0134] A reduction ratio of an optical system is set such
that an image is focused on a plurality of devices 602 of
the area sensor with respect to one light emitting point
601.
[0135] This picked-up image Ixy is transferred to the
arithmetic operation apparatus 308. Since images of driv-
en device are focused, if a sum of CCD information allo-
cated corresponding to respective devices is calculated
for the number of devices, a luminance value proportional
to a light emission amount of the respective driven de-
vices is obtained. Since a luminance value corresponding
to the devices of the driven rectangular area is obtained,
information is sent to the control circuit 312 as Lxy.
[0136] Although the electronic shutter is also opened
during an afterglow time of phosphors, influence of the
afterglow time does not occur between light emitting
points because the light emitting points are separated
spatially on the area sensor.
[0137] Next, the characteristic adjustment method
used in this embodiment will be schematically described
with reference to Figs. 7, 8 and 9. Fig. 7 is a graph showing
an example of an emission current characteristic at the
time when the drive voltage (wave height value of a drive
pulse) Vf of each surface conduction electron emission
device, to which the preliminary drive voltage wave height
value Vpre is applied, is changed during the process of
manufacturing the multi-electron source of the display
panel 301 by the characteristic adjustment method for
an image forming apparatus in accordance with the
present invention. Fig. 8 is a graph showing a change in
an emission current characteristic at the time when a
characteristic shift voltage is applied to a device having
the emission current characteristic of (a) in Fig. 7, Fig. 9
is a graph showing changes in a wave height value of a
characteristic shift pulse voltage (characteristic shift volt-
age) and an emission current.
[0138] In Fig. 7, an emission current characteristic of
a certain surface conduction electron emission device is
shown by an operation curve (a). An emission current at
the time of the drive voltage Vdrv is Iel in an electron-
emitting device having the emission characteristic of the
curve (a).
[0139] On the other hand, the surface conduction elec-
tron emission device used in this embodiment has an
emission current characteristic (memory functionality)
corresponding to maximum wave height values and
widths of drive pulses of voltages applied in the past.
[0140] Fig. 8 shows how the emission current charac-
teristic changes when the characteristic shift voltage
Vshift (Vshift ≥ Vpre) is applied to a device having the
emission current characteristic of (a) in Fig. 7 (curve (c)
of Fig. 8).
[0141] It is understood that the emission current Ie at
the time when Vdrv is applied decreases from Ie1 to Ie2
by the application of the characteristic shift voltage. That
is, the emission current characteristic shifts in the right
direction (in the direction in which an emission current
decreases) by the application of the characteristic shift

voltage.
[0142] Since a light emission amount with respect to
an emission current depends on an acceleration voltage
of electrons, a light emission efficiency of phosphors and
a current density characteristic, if an amount taking these
into account is referred to, the emission light character-
istic can be shifted. In this embodiment, such character-
istic adjustment was also performed.
[0143] In the first embodiment of the characteristic ad-
justment method for an image forming apparatus in ac-
cordance with the present invention, a light emission
characteristic of each electron-emitting device is meas-
ured prior to using electron-emitting devices and, if there
is fluctuation in electron emission characteristics, the
electron emission characteristics are corrected to be uni-
form. A magnitude of a voltage applied to the electron-
emitting devices in each process is set as described be-
low.
[0144] That is, when a drive voltage for measurement
that was applied in a process of measuring a light emis-
sion characteristic of each electron-emitting device, a
characteristic shift voltage that was applied in a process
of adjusting a characteristic of each electron-emitting de-
vice to be uniform and a maximum value of a drive voltage
that was applied when the electron-emitting device was
used were represented as VEmeasure, Vshift and
Vdrive, respectively, these were set such that the follow-
ing magnitude relationship was established.

Vdrive < VEmeasure < Vshift

[0145] In this way, since VEmeasure was set larger
than Vdrive, a voltage larger than a drive voltage to be
applied in use is applied to each electron-emitting device
in advance prior to the use. Consequently, inconvenience
in that an electron emission characteristic shifts during
use can be prevented.
[0146] In addition, since Vshift is set larger than VE-
measure, a pulse for characteristic shift becomes a larg-
est voltage applied to an electron-emitting device.
[0147] Therefore, if the pulse for characteristic shift is
applied, an electron emission characteristic can be surely
shifted to a desired characteristic.
[0148] It is needless to mention that, since Vshift is set
larger than Vdrive, inconvenience in that an electron
emission characteristic adjusted to be uniform is shifted
during use can be prevented.
[0149] Incidentally, light emission luminance with re-
spect to an electron emission current from a device de-
pends on an acceleration voltage of electrons, a current
density and a light emission characteristic of phosphors.
Thus, in order to learn how high characteristic shift volt-
age is applied to an electron-emitting device having a
certain initial characteristic and, then, how much a char-
acteristic curve shifts to the right direction, electron-emit-
ting devices of various initial characteristics are selected,
experiments are conducted by applying Vshift of various
magnitudes to measure luminance, and various kinds of
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data are accumulated.
[0150] That is, although it is described using the graph
with the emission current Ie on the vertical axis that char-
acteristics of a device can be changed by applying a shift
voltage, since the graph is known, a graph in the case in
which the vertical axis represents luminance can also be
determined.
[0151] Further, in the apparatus of Fig. 4, the various
kinds of data are accumulated in the control circuit 312
as the lookup table 312d in advance.
[0152] Fig. 9 shows data of an electron-emitting de-
vice, which has the same initial characteristic as the initial
characteristic shown as (a) in Fig. 7, picked up out of the
lookup table and arranged as a graph.
[0153] The horizontal axis of this graph represents a
magnitude of a characteristic shift voltage and the vertical
axis represents light emission luminance L. This graph
is a result of applying a drive voltage equal to Vdrv to
measure an emission current after applying a character-
istic shift voltage.
[0154] Therefore, in order to determine a magnitude
of a characteristic shift voltage that should be applied to
change light emission luminance of the device of (a) in
Fig. 7, which emits light at L1 when Vdrv is applied, to
L2, it is sufficient to read a Vshift value of a point where
L is equal to L2 in the graph of Fig. 9 (in the figure, Vshift
#1).
[0155] In this embodiment, the optical system and the
robot system were designed such that the area of the
display panel could be divided into sights of 10 � 8 length-
wise and sideways and measured.
[0156] In this embodiment, since a single color phos-
phor of one pixel was constituted in a size of 205 Pm �
300 micron with a width of the horizontal black stripe of
300 micron, the display area was approximately 790 mm
� 442 mm with 1,280 � 1,024 pixels.
[0157] Therefore, the robot system was designed such
that the area could be scanned, and a magnitude of an
optical system was set to 0.18.
[0158] Fig. 10 is a flow chart showing characteristics
measurement processing by the control circuit 312. This
is a flow chart showing characteristic adjustment
processing of each surface conduction electron emission
device of an electron source of the first embodiment of
the characteristic adjustment method for an image form-
ing apparatus in accordance with the present invention.
[0159] First, in step 1001, a luminance measurement
system is moved to a desired sight.
[0160] In step 1002, the switch matrix control signal
Tsw is outputted to switch the switch matrices 303 and
304 by the switch matrix control circuit 310 and select
384 surface conduction electron emission devices of the
display panel 301.
[0161] Next, in step 1003, the wave height value data
Tv of a pulse signal to be applied to the selected devices
is outputted to the circuit setting a pulse wave height val-
ue 311. A wave height value of a pulse for measurement
is the drive voltage Vdrv in performing image display.

[0162] Then, in step 1004, a pulse signal for charac-
teristics measurement of an electron-emitting device is
applied to the surface conduction electron emission de-
vices selected in step 1002 from the pulse generation
circuit 306 and 307 via the switch matrices 303 and 304.
[0163] Next, luminance with respect to the drive volt-
age is measured in step 1005.
[0164] Then, in step 1006, it is judged whether or not
measurement of a luminance value with respect to a pre-
determined drive voltage is finished.
[0165] In this embodiment, a drive voltage was
changed to measure luminance for a plurality of times
under three conditions of Vdrv, Vdrv - 0.5 Volt and Vdrv
- 1 Volt .
[0166] If the luminance measurement by the predeter-
mined drive voltage is not finished, the processing from
step 1003 to step 1005 is repeated until the luminance
measurement by the predetermined drive voltage is fin-
ished. If the luminance measurement by the predeter-
mined drive voltage is finished, the processing moves to
step 1007.
[0167] The processing from step 1002 to step 1006 is
repeated 96 times while sequentially changing row wiring
to be designated (step 1007).
[0168] Next, in step 1008, the measured luminance is
converted into luminance values corresponding to device
addresses based on a light emitting image and address-
es of driven devices. That is, 384 � 96 devices were
driven and luminance values of the devices could be ob-
tained. In step 1009, the luminance values are stored in
the luminance data storage memory 312b.
[0169] In step 1010, processing of applying a shift volt-
age is performed. Details of this step will be described
later. Up to this stage, processing of applying a shift volt-
age is finished for one sight.
[0170] In step 1011, it is checked if the luminance
measurement and the processing of applying a shift volt-
age are finished for all the sights of the display panel 1.
If not finished, the processing advances to step 1001,
where the optical system is moved to the next sight and
the processing is repeated.
[0171] The robot system 309 was used for the move-
ment of the optical system, while the luminance meas-
urement system was moved at the speed of 30 mm/sec.
[0172] Since one sight was approximately 80 mm x 60
mm in size, it took approximately four seconds to move
the luminance measurement system.
[0173] In this embodiment, Vdrv = 14 V, Vpre = 16 V
and Vshift = 16 to 18 V, and a short pulse with a pulse
width of 1 ms and a period of 2 ms was used for the
characteristic shift and a short pulse with a pulse width
of 18 Ps and a period of 20 Ps was used for the luminance
measurement.
[0174] As to the moving time and the time during which
the devices are lighted, since the number of pulses out-
putted in measuring a luminance value of the entire
screen is 96 per one sight and the number of sights is
80. the total number of pulses is 7,680. Thus, the drive
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time is 0.15 second. Since the moving time was four sec-
onds per one sight and there were 80 sights, the total
moving time was approximately 320 seconds.
[0175] In addition, since the application time of a shift
voltage was 2 ms � the number of all devices, it was
approximately 5,900 seconds.
[0176] Fig. 11 is a flow chart showing processing for
matching a luminance value of surface conduction elec-
tron emission devices within one sight of the display panel
301 to a target set value, which is executed by the control
circuit 312 of this embodiment. The processing corre-
sponds to step 1010 of Fig. 10. That is, Fig. 11 is a flow
chart showing processing for applying a characteristic
adjustment signal based on the electron emitting char-
acteristic measured in the first embodiment of the char-
acteristic adjustment method for an image forming ap-
paratus in accordance with the present invention.
[0177] First, in step 1101, a luminance value measured
by the luminance data storage memory 312b is read. In
step 1102, it is judged whether or not it is required to
apply a characteristic shift voltage to the surface conduc-
tion electron emission device, that is, if the measured
luminance value is higher or lower than the target lumi-
nance value.
[0178] If the application of the shift voltage is required,
the CPU 312a reads data of a device, which has an initial
characteristic most approximate to that of the device, out
of the lookup table 312d.
[0179] Here, since the initial characteristic is Vf de-
pendency of luminance, the CPU 312a measures chang-
es Vf to measure luminance to find approximate curves
of the luminance and compares approximate coefficients
of the luminance to select data with values approximate
to each other.
[0180] Then, the CPU 312a selects a characteristic
shift voltage for equalizing a characteristic of the device
to the target value out of the data.
[0181] In this case, it may be considered that there is
usually only one type of an acceleration voltage and a
light emitting characteristic of a phosphor for a certain
product (there are three types. R, G and B, phosphors).
[0182] In addition, it may be considered that a relation-
ship between an emission current and luminance (light
emitting characteristic of a phosphor) is also determined
substantially uniquely. Thus, a change in luminance with
respect to a change in the device drive voltage Vf is an
initial characteristic in the present invention.
[0183] Next, in step 1103, the switch matrices 303 and
304 are controlled by the switch matrix control signal Tsw
via the switch matrix control circuit 312 to select one sur-
face conduction electron emission device of the display
panel 301.
[0184] A wave height value of a pulse signal is set in
the circuit setting a pulse wave height value 311 through
a wave height value set signal Tv. In step 1104, the circuit
setting a pulse wave height value 311 outputs the wave
height value data Lpx and Lpy, and the pulse generation
circuits 306 and 307 output the drive pulses Px and Py

of the set wave height value based on the value.
[0185] In this way, a value of a characteristic shift volt-
age is determined for respective devices, and a charac-
teristic shift pulse, which corresponds to a characteristic
of a surface conduction electron emission device for
which the characteristic should be shifted, is applied to
the surface conduction electron emission device (step
1105).
[0186] In step 1106, it is checked if the processing for
all the surface conduction electron emission devices
within one sight is finished. If not finished, the next device
is selected (step 1107) and the processing returns to step
1101.
[0187] When an image forming apparatus manufac-
tured by the above process was driven at Vdrv = 14 Volts
and luminance fluctuation of the entire surface was
measured, a standard deviation/average value was 3%.
In addition, a high definition image without the feeling of
fluctuation could be displayed when a moving image was
displayed on the panel.

(Second embodiment of the characteristic adjustment 
method for an image forming apparatus)

[0188] Next, a second embodiment of the characteris-
tic adjustment method for an image forming apparatus
in accordance with the present invention will be de-
scribed.
[0189] Fig. 12 shows a structure of an apparatus for
arranging an electron emitting characteristic of each sur-
face conduction electron emission device of the display
panel 301 along a certain target set value. Luminance
measurement systems 314, 315 and 316 and pulse gen-
eration circuits 317 and 318 are added to the structure
shown in Fig. 4. Fig. 12 is a schematic diagram of an
image forming apparatus using a multi-electron source
and a characteristic adjustment apparatus for an image
forming apparatus for applying a characteristic adjust-
ment signal to this image forming apparatus, which are
used in the second embodiment of the characteristic ad-
justment method for an image forming apparatus in ac-
cordance with the present invention.
[0190] Since manufacturing of a display panel is com-
mon to the first and second embodiments, descriptions
of the manufacturing will be omitted. In this embodiment,
acceleration of processing is realized by providing four
sights that are selected at a time.
[0191] Fig. 13 is a perspective view showing a struc-
ture of the characteristic adjustment apparatus in the sec-
ond embodiment of the characteristic adjustment method
for an image forming apparatus in accordance with the
present invention.
[0192] The display panel 301 is placed on a stage 1301
and a robot system 1303 for moving an optical system
in X and Y directions is arranged on a pedestal 1302 as
illustrated in the schematic view shown in Fig. 13. The
optical system consists of a lens 1304 and a CCD camera
1305, and four optical systems are arranged.

23 24 



EP 1 298 698 B1

14

5

10

15

20

25

30

35

40

45

50

55

[0193] Operation of the second embodiment of the
characteristic adjustment method for an image forming
apparatus in accordance with the present invention will
be described with reference to Fig. 14. Fig. 14 is a flow
chart showing processing for performing characteristic
adjustment of each surface conduction electron emission
device of an electron source of the second embodiment
of the characteristic adjustment method for an image
forming apparatus in accordance with the present inven-
tion.
[0194] First, in step 1401, two optical systems are
moved to two places among a sight 1, a sight 2, a sight
3 and a sight 4 as shown in Fig. 15. Fig. 15 is a schematic
view showing sight positions that are set in the image
forming apparatus in the second embodiment of the char-
acteristic adjustment method for an image forming ap-
paratus in accordance with the present invention.
[0195] In step 1402, the switch matrix control signal
Tsw is outputted, and switch matrices 303 and 304 are
switched by the switch matrix control circuit 310 to select
768 surface conduction electron emission devices of the
display panel 301.
[0196] Specifically, in an operation in the case in which
one of a plurality of sights is selected, for example, de-
vices are selected such that switches on Y = 1, Y = 385,
X = 1 to 384 and X = 1921 to 2304 are turned ON.
[0197] Next, in step 1403, wave height value data Tv1
and Tv2 of a pulse signal applied to the selected devices
are outputted to the circuit setting a pulse wave height
value 311.
[0198] Then, in step 1404, a pulse signal for charac-
teristics measurement of an electron-emitting device is
applied to the surface conduction electron emission de-
vices selected in step 1402 by the pulse generation cir-
cuits 306, 307, 317 and 318 via the switch matrices 303
and 304.
[0199] Therefore, the total 1536 devices on Y = 1, Y =
385, X = 1 to 384 and X = 1921 to 2304 are simultaneously
driven.
[0200] Here, the total number of the devices is 1536
because X = 1 to 384 and X = 1921 to 2304 are lighted
with respect to two lines of Y = 1 and Y = 385. This means
that four parts are lighted two-dimensionally.
[0201] Next, in step 1405, luminance with respect to a
drive voltage is measured.
[0202] Then, in step 1406, it is judged whether or not
measurement of a luminance value with respect to a pre-
determined drive voltage is finished.
[0203] In this embodiment, a drive voltage was
changed to measure luminance for a plurality of times
under three kinds of conditions, Vdrv, Vdrv - 0.5 Volt and
Vdrv - 1 Volt.
[0204] If the luminance measurement by the predeter-
mined drive voltage is not finished, the processing from
step 1402 to step 1405 is repeated until the luminance
measurement by the predetermined drive voltage is fin-
ished. If the luminance measurement by the predeter-
mined drive voltage is finished, the processing moves to

step 1407.
[0205] The processing from step 1403 to step 1406 is
repeated 96 times while sequentially increasing the
number of designated row wirings (Y) (step 1407).
[0206] Four rectangular areas of Y = 1 to 96, Y = 385
to 480, X = 1 to 384 and X = 1921 to 2304 are lighted by
this operation.
[0207] The synchronizing signal Tsync in synchronous
with the lighting of these rectangular areas is outputted
from the control circuit 312, and the electronic shutter is
opened based on the signal. Consequently, a light emit-
ting image in the area driven in step 1405 is measured.
[0208] Here, a voltage to be applied to each area at
this time will be described. A voltage is also applied to
the places indicated by bold slanted line parts as dupli-
cate areas in Fig. 15.
[0209] Characteristics of devices vary when a shift volt-
age is applied to devices other than a device to be ad-
justed. This problem was avoided in this embodiment in
the following manner.
[0210] When it is assume that a voltage applied from
a Y side of the sights 1 and 2 is Py1, a voltage applied
from an X side of the sights 1 and 2 is Px1, a voltage
applied from a Y side of the sights 3 and 4 is Py2, and
voltage applied form an X side of the sights 3 and 4 is
Px2, a voltage of Py1 + Px1 is applied to devices in the
sight 1. A voltage of Py2 + Px1 is applied to devices in
the sight 2.
[0211] A voltage of Py1 + Px2 is applied to devices in
the sight 3. A voltage of Py2 + Px2 is applied to devices
in the sight 2.
[0212] Therefore, instruction signals Lp1, Lp2, Lp3 and
Lp4 were determined such that the four types of voltages
became the Vdrv voltages in measuring luminance.
[0213] Next, in step 1408, the measured luminance is
converted into luminance values corresponding to device
addresses based on a light emitting image and address-
es of driven devices. In this way, luminance values for
four parts where 384 � 96 devices are arranged could
be obtained.
[0214] Then, luminance data is stored in a luminance
data storage memory (step 1409) and processing of ap-
plying a shift voltage is performed (step 1410). Then, it
is checked if the luminance measurement and the
processing of applying a shift voltage are finished for all
the sights (step 1411) and, if finished, the operations are
finished.
[0215] Processing for shifting a characteristic will be
described with reference to Fig. 16. Fig. 16 is a flow chart
showing processing for applying a characteristic adjust-
ment signal in the second embodiment of the character-
istic adjustment method for an image forming apparatus
in accordance with the present invention. In this embod-
iment, one device for two sights, respectively, total two
devices are selected, and a shift voltage is applied to the
devices simultaneously.
[0216] The shift voltage is not applied to one device
for four sights, respectively, total four devices, due to the
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following reasons.
[0217] For example, in Fig. 15, if shift voltages that are
required to be applied to devices in the sight 1, the sight
2, the sight 3 and the sight 4 are 16, 15, 15.5 and 16
Volts, respectively, since only voltages of the above-
mentioned combination are applied to the sights, Py1,
Py2, Px1 and Px2 cannot be determined.
[0218] In addition, even if it is attempted to select two
devices to which shift voltages are applied simultaneous-
ly out of the sight 1 and the sight 4, since a voltage is
also applied to the parts of the sight 2 and the sight 3,
the different shift voltages cannot be applied simultane-
ously.
[0219] Thus, as shown in Fig. 16, in step 1601, lumi-
nance data of devices of addresses corresponding to the
respective sights 1 and 3 is read. For convenience, if the
devices are assumed to be A and B. first, the luminance
data for A is compared with a target value and presence
or absence of application of a V shift voltage is judged.
[0220] It is judged whether or not application of a shift
voltage is required (step 1602). If the application is re-
quired, in step 1603, a shift voltage Tv1 is determined
with reference to a lookup table.
[0221] Next, in step 1604, presence or absence of shift
voltage application to the device B is judged and, in step
1605, Tv2 is determined.
[0222] Next, a wave height value of a pulse is deter-
mined using the circuit setting a pulse wave height value
311 of Fig. 12. For example, if voltage application of 16
Volts and 15.5 Volts was required as Vpre for the device
A and the device B, respectively, voltages were set as
Py1 = 8 Volts, Py2 = 0 Volt, Px1 = 8 Volts and Px2 = 7.5
Volts.
[0223] In this case, since only a voltage equal to or
lower than Vdrv was applied to the devices of the sight
2 and the sight 4, even if shift voltage application to the
device A and the device B was performed simultaneous-
ly, characteristics were not affected.
[0224] In this way, the instruction signals Lp1, Lp2, Lp3
and Lp4 are determined. Then, devices to be selected
are selected from the sight 2 and the sight 4 to perform
the processing of applying a shift voltage sequentially.
[0225] In this embodiment, adjustment was performed
using Vdrv = 14 v, Vpre = 16 v and Vshift = 16 to 18 v, a
short pulse with a pulse width of 1 ms and a period of 2
ms for the characteristic shift and a short pulse with a
pulse width of 18 Ps and a period of 20 Ps for the lumi-
nance measurement. Thus, devices are selected in step
1606 using the above-mentioned voltage setting and, in
step 1607, a shift voltage is actually applied.
[0226] The above processing is applied to all the de-
vices within the two sights (step 1609) and, it is judged
in step 1608 that the luminance measurement and the
processing of applying a shift voltage are finished for all
the sights, the operations are finished.
[0227] Time required for measuring luminance values
of the entire screen was approximately 80 second that
was one fourth of that in the first embodiment. In this

embodiment, since it has become possible to apply a
shift voltage to two devices simultaneously, application
time of the shift voltage could be reduced to 3,000 sec-
onds that was one half of that in the first embodiment.
[0228] When the image forming apparatus manufac-
tured by the above process was driven at Vdrv = 14 Volt
to measure luminance fluctuation of the entire surface,
a standard deviation/average value was 3%, and the im-
age forming apparatus equivalent to the image forming
apparatus manufactured in the first embodiment was
manufactured.
[0229] Although the embodiment in the case in which
sights are increased to two is described, if the number
of optical systems is increased, time required for lumi-
nance measurement can be reduced so much more for
that.
[0230] In addition, in this embodiment, since four signal
and pulse generation circuits for setting a pulse wave
height value were provided, four sights were set and a
shift voltage was applied to two devices simultaneously.
However, if the number of the pulse generation circuits
is increased, it is possible to further increase the number
of devices to which the shift voltage can be applied si-
multaneously.
[0231] As described above, according to the present
invention, in the case in which the present invention is
applied to a large screen TV, a display panel is divided
into a plurality of sights to obtain a light emitting charac-
teristic and to sequentially perform adjustment process-
ing, whereby luminance fluctuation of a display apparatus
due to irregular fluctuation of an electron-emitting char-
acteristic of each electron-emitting device can be re-
duced.
[0232] Moreover, since light emitting characteristics of
a plurality of devices can be obtained simultaneously,
adjustment processing can be performed at a high speed.
Thus, a process time required for characteristic adjust-
ment can be reduced significantly.
[0233] There is provided a characteristic adjustment
method for an image forming apparatus that is provided
with a multi-electron source in which a plurality of elec-
tron-emitting devices are electrically connected by wiring
and arranged on a substrate and a fluorescent member
for emitting light by irradiation of an electron beam, the
method including: a measurement step of dividing a dis-
play portion of the image forming apparatus into a plu-
rality of areas and measuring light emitting characteris-
tics of at least one or more of the electron-emitting de-
vices in the respective divided areas, and a shifting step
of shifting the light emitting characteristics of the electron-
emitting devices in the divided areas to individual char-
acteristic target values by applying a characteristic shift
voltage to the electron-emitting devices.

Claims

1. A method of adjusting characteristics for an image
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forming apparatus having a plurality of pixels, the
image forming apparatus being provided with a multi-
electron source (1001-1004) in which a plurality of
electron-emitting devices (1002) are electrically con-
nected by wiring and arranged on a substrate (1001)
and a fluorescent member (1008) for emitting light
by irradiation of an electron beam, wherein one pixel
of said image forming apparatus is formed by a pre-
determined number of said electron-emitting devices
(1002), the method comprising:

dividing (steps 1001 and 1002) a display portion
of said image forming apparatus into a plurality
of areas, each area comprises a plurality of pix-
els,
applying (step 1004) an initial drive voltage to
the electron emitting devices (1002) of an area
to be measured of said plurality of areas,
measuring (step 1005) light emitting character-
istics of the electron-emitting devices (1002) in
said area by deriving, as a two-dimensional in-
formation, a light emission pattern in said area
through an area sensor (305b), based on a light
emission quantity information, corresponding to
each of the plurality of electron-emitting devices
(1002) in the area, derived from a positional in-
formation of the plurality of electron-emitting de-
vices (1002) in the area and from the two-dimen-
sional information of the light emission pattern,
wherein the measuring is effected simultane-
ously for said electron-emitting devices in said
area; and
changing (step 1010) the light emitting charac-
teristics of said electron-emitting devices (1002)
in said area to individual characteristic target val-
ues by applying a characteristic shift voltage to
said electron-emitting devices (1002).

2. A method according to claim 1,
wherein said measurement step comprises:

a luminance measurement step (step 1005) of
applying a drive voltage to said electron-emitting
devices to measure luminance of said electron-
emitting devices (1002); and
a calculation step of comparing a relationship
between the drive voltage and the luminance of
said measured electron-emitting devices (1002)
and a relationship between a drive voltage and
luminance of at least one or more electron-emit-
ting devices (1002) with different initial charac-
teristics, selecting electron-emitting devices
(1002) with an initial characteristic that substan-
tially coincides with the initial characteristic of
said measured electron-emitting devices
(1002), and calculating a characteristic shift volt-
age to be applied to said measured electron-
emitting devices (1002) based on a relationship

between a characteristic shift voltage to be ap-
plied to said selected electron emitting-devices
(1002) and an emission current from said se-
lected electron-emitting devices (1002).

3. A method according to claim 1,
wherein said measurement step (step 1005) is a step
of driving a plurality of electron-emitting devices
(1002) among said electron-emitting devices (1002)
in said areas simultaneously to measure luminance.

4. A method according to claim 1,
wherein said measurement step (step 1005) is a step
of selecting at least one or more electron-emitting
devices (1002) out of electron-emitting devices
(1002) in different areas among said areas and
measuring a relationship between a drive voltage
and luminance of said electron-emitting devices
(1002) in the different areas among said areas si-
multaneously.

5. A method according to claim 1,
wherein the measurement of luminance in said
measurement step (step 1005) is performed by a
luminance measurement apparatus (305) that is ca-
pable of measuring luminance of at least one or more
electron-emitting devices (1002) in each of said ar-
eas without moving.

6. A method according to claim 1,
wherein said changing step (step 1010) comprises
a step of selecting (step 1107) at least one or more
electron-emitting devices (1002) out of electron-
emitting devices (1002) in different areas among said
areas and applying (step 1105) a characteristic shift
voltage to each of said electron-emitting devices
(1002) in the different areas among said areas si-
multaneously.

7. A manufacturing method for an image forming ap-
paratus that is provided with a multi-electron source
(1001-1004) in which a plurality of electron-emitting
devices (1002) are electrically connected by wiring
and arranged on a substrate (1001) and a fluores-
cent member (1008) for emitting light by irradiation
of an electron beam, the method comprising the
steps of:

forming a plurality of electrodes (1003, 1004) for
electron-emitting devices (1002) and electro-
conductive films on said substrate (1001);
forming electron-emitting portions of said plural-
ity of electron-emitting devices (1002) by ener-
gizing said electroconductive films via said elec-
trodes for electron-emitting devices (1002);
activating said electron-emitting portions; and
performing said characteristic adjustment meth-
od for an image forming apparatus according to
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claim 1.

Patentansprüche

1. Verfahren zum Anpassen von Eigenschaften für ein
Bilderzeugungsgerät, das eine Vielzahl von Bild-
punkten aufweist, wobei das Bilderzeugungsgerät
mit einer Mehrfach-Elektronenquelle (1001-1004),
in der eine Vielzahl Elektronen emittierender Vor-
richtungen (1002) elektrisch durch Leitungen ver-
bunden sind und auf einem Substrat (1001) ange-
ordnet sind, sowie mit einem Fluoreszenzelement
(1008) zum Emittieren von Licht durch Bestrahlung
mit einem Elektronenstrahl versehen ist, wobei ein
Bildpunkt des Bilderzeugungsgeräts durch eine vor-
bestimmte Anzahl der Elektronen emittierenden Vor-
richtungen (1002) gebildet ist, wobei das Verfahren
umfasst:

Teilen (Schritte 1001 und 1002) eines Anzeige-
abschnitts des Bilderzeugungsgeräts in eine
Vielzahl von Bereichen, wobei jeder Bereich ei-
ne Vielzahl von Bildpunkten aufweist,
Anlegen (Schritt 1004) einer Anfangssteuer-
spannung an die Elektronen emittierenden Vor-
richtungen (1002) eines zu messenden Be-
reichs aus der Vielzahl von Bereichen,
Messen (Schritt 1005) von Lichtemissionsei-
genschaften der Elektronen emittierenden Vor-
richtungen (1002) in dem Bereich durch Herlei-
ten, als eine zweidimensionale Information, ei-
nes Lichtemissionsmusters in dem Bereich
durch einen Bereichssensor (35b), basierend
auf einer jeder der Vielzahl von Elektronen emit-
tierenden Vorrichtungen (1002) in dem Bereich
entsprechenden Information über die Quantität
der Lichtemission, hergeleitet von einer Positi-
onsinformation der Vielzahl von Elektronen
emittierenden Vorrichtungen (1002) in dem Be-
reich und von der zweidimensionalen Informa-
tion des Lichtemissionsmusters, wobei das
Messen gleichzeitig für die Elektronen emittie-
renden Vorrichtungen in dem Bereich ausge-
führt wird; und
Ändern (Schritt 1010) der Lichtemissionseigen-
schaften der Elektronen emittierenden Vorrich-
tungen (1002) in dem Bereich zu individuellen
Eigenschaftszielwerten durch Anlegen einer
kennzeichnenden Verschiebungsspannung an
die Elektronen emittierenden Vorrichtungen
(1002).

2. Verfahren nach Anspruch 1,
wobei der Mess-Schritt umfasst:

einen Leuchtkraft-Mess-Schritt (Schritt 1005)
des Anlegens einer Steuerspannung an die

Elektronen emittierenden Vorrichtungen, um ei-
ne Leuchtkraft der Elektronen emittierenden
Vorrichtungen (1002) zu messen; und
einen Berechnungsschritt des Vergleichens ei-
ner Beziehung zwischen der Steuerspannung
und der Leuchtkraft der gemessenen Elektro-
nen emittierenden Vorrichtungen (1002) und ei-
ner Beziehung zwischen einer Steuerspannung
und einer Leuchtkraft von zumindest einer der
oder mehreren Elektronen emittierenden Vor-
richtungen (1002) mit unterschiedlichen An-
fangseigenschaften, des Auswählens Elektro-
nen emittierender Vorrichtungen (1002) mit ei-
ner Anfangseigenschaft, die im Wesentlichen
mit der Anfangseigenschaft der gemessenen
Elektronen emittierenden Vorrichtungen (1002)
übereinstimmt, und des Berechnens einer an
die gemessenen Elektronen emittierenden Vor-
richtungen (1002) anzulegenden kennzeich-
nenden Verschiebungsspannung, basierend
auf einer Beziehung zwischen einer an die aus-
gewählten Elektronen emittierenden Vorrich-
tungen (1002) anzulegenden kennzeichnenden
Verschiebungsspannung und einem Emissi-
onsstrom von den ausgewählten Elektronen
emittierenden Vorrichtungen (1002).

3. Verfahren nach Anspruch 1,
wobei der Mess-Schritt (Schritt 1005) ein Schritt des
gleichzeitigen Steuerns einer Vielzahl von Elektro-
nen emittierenden Vorrichtungen (1002) aus den
Elektronen emittierenden Vorrichtungen (1002) in
den Bereichen ist, um Leuchtkraft zu messen.

4. Verfahren nach Anspruch 1,
wobei der Mess-Schritt (Schritt 1005) ein Schritt des
gleichzeitigen Auswählens zumindest einer der oder
mehrerer Elektronen emittierender Vorrichtungen
(1002) aus den Elektronen emittierenden Vorrich-
tungen (1002) in unterschiedlichen Bereichen aus
den Bereichen und des Messens einer Beziehung
zwischen einer Steuerspannung und einer Leucht-
kraft der Elektronen emittierenden Vorrichtungen
(1002) in unterschiedlichen Bereichen aus den Be-
reichen ist.

5. Verfahren nach Anspruch 1,
wobei das Messen der Leuchtkraft in dem Mess-
Schritt (Schritt 1005) mittels eines Leuchtkraftmess-
geräts (305) durchgeführt wird, das Leuchtkraft von
zumindest einer der oder mehreren Elektronen emit-
tierenden Vorrichtungen (1002) in jedem der Berei-
che messen kann ohne sich zu bewegen.

6. Verfahren nach Anspruch 1,
wobei der Änderungsschritt (Schritt 1010) einen
Schritt des gleichzeitigen Auswählens (Schritt 1107)
zumindest einer der oder mehrerer Elektronen emit-
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tierender Vorrichtungen (1002) aus Elektronen emit-
tierenden Vorrichtungen (1002) in unterschiedlichen
Bereichen aus den Bereichen und des Anlegens
(Schritt 1105) einer kennzeichnenden Verschie-
bungsspannung an jede der Elektronen emittieren-
den Vorrichtungen (1002) in den unterschiedlichen
Bereichen aus den Bereichen umfasst.

7. Herstellungsverfahren für ein Bilderzeugungsgerät,
das mit einer Mehrfach-Elektronenquelle
(1001-1004) bereitgestellt ist, in der eine Vielzahl
Elektronen emittierender Vorrichtungen (1002) elek-
trisch durch Leitungen verbunden sind und auf ei-
nem Substrat (1001) angeordnet sind, sowie mit ei-
nem Fluoreszenzelement (1008) zum Emittieren von
Licht durch Bestrahlung mit einem Elektronenstrahl,
wobei das Verfahren die Schritte umfasst:

Bilden einer Vielzahl von Elektroden (1003,
1004) für Elektronen emittierende Vorrichtun-
gen (1002) sowie elektrisch leitfähiger Schich-
ten auf dem Substrat (1001);
Bilden Elektronen emittierender Abschnitte der
Vielzahl Elektronen emittierender Vorrichtun-
gen (1002) durch Anregen der elektrisch leitfä-
higen Schichten über die Elektroden für die
Elektronen emittierenden Vorrichtungen (1002);
Aktivieren der Elektronen emittierenden Ab-
schnitte; und
Durchführen des Verfahrens zum Anpassen der
Eigenschaften für ein Bilderzeugungsgerät
nach Anspruch 1.

Revendications

1. Procédé d’ajustement de caractéristiques d’un équi-
pement de formation d’image comportant une plu-
ralité de pixels, l’équipement de formation d’image
étant pourvu d’une source multiple (1001 à 1004)
d’électrons dans laquelle une pluralité de dispositifs
(1002) émetteurs d’électrons sont connectés élec-
triquement par câblage et agencés sur un substrat
(1001) et un élément fluorescent (1008) destiné à
émettre de la lumière par rayonnement d’un faisceau
d’électrons, dans lequel un pixel dudit équipement
de formation d’image est formé par un nombre pré-
déterminé desdits dispositifs (1002) émetteurs
d’électrons, le procédé comprenant :

la division (étapes 1001 et 1002) d’une section
d’affichage dudit équipement de formation
d’image en une pluralité de zones, chaque zone
comprenant une pluralité de pixels ;
l’application (étape 1004) d’une tension initiale
d’attaque aux dispositifs (1002) émetteurs
d’électrons d’une zone à mesurer de ladite plu-
ralité de zones ;

la mesure (étape 1005) de caractéristiques
d’émission de lumière des dispositifs (1002)
émetteurs d’électrons dans ladite zone en obte-
nant, sous forme d’une information bidimension-
nelle, un diagramme d’émission de lumière dans
ladite zone à l’aide d’un capteur (305b), en se
basant sur une information de quantité d’émis-
sion de lumière, correspondant à chacun de la
pluralité de dispositifs (1002) d’émission d’élec-
trons de la zone, obtenue à partir d’une informa-
tion de position de la pluralité de dispositifs
(1002) d’émission d’électrons de la zone et à
partir de l’information bidimensionnelle du dia-
gramme d’émission de lumière, la mesure étant
effectuée simultanément pour lesdits dispositifs
émetteurs d’électrons de ladite zone ; et
le remplacement (étape 1010) des caractéristi-
ques d’émission de lumière desdits dispositifs
(1002) émetteurs d’électrons de ladite zone par
des valeurs cibles individuelles de caractéristi-
que en appliquant une tension de décalage de
caractéristique auxdits dispositifs (1002) émet-
teurs d’électrons.

2. Procédé selon la revendication 1,
dans lequel ladite étape de mesure comprend :

une étape (étape 1005) de mesure de luminosité
consistant à appliquer une tension d’attaque
auxdits dispositifs émetteurs d’électrons pour
mesurer la luminosité desdits dispositifs (1002)
émetteurs d’électrons ; et
une étape de calcul consistant à comparer une
relation entre la tension d’attaque et la lumino-
sité desdits dispositifs (1002) émetteurs d’élec-
trons mesurés et une relation entre une tension
d’attaque et la luminosité d’au moins un ou plu-
sieurs dispositifs (1002) émetteurs d’électrons
avec des caractéristiques initiales différentes, à
choisir des dispositifs (1002) émetteurs d’élec-
trons avec une caractéristique initiale qui coïn-
cide pratiquement avec la caractéristique initiale
desdits dispositifs (1002) émetteurs d’électrons
mesurés, et à calculer une tension de décalage
de caractéristique à appliquer auxdits dispositifs
(1002) émetteurs d’électrons mesurés en se ba-
sant sur une relation entre une tension de dé-
calage de caractéristique à appliquer auxdits
dispositifs (1002) émetteurs d’électrons choisis
et un courant d’émission desdits dispositifs
(1002) émetteurs d’électrons choisis.

3. Procédé selon la revendication 1, dans lequel ladite
étape (étape 1005) de mesure est une étape con-
sistant à attaquer une pluralité de dispositifs (1002)
émetteurs d’électrons parmi lesdits dispositifs
(1002) émetteurs d’électrons desdites zones simul-
tanément pour mesurer la luminance.
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4. Procédé selon la revendication 1, dans lequel ladite
étape (étape 1005) de mesure est une étape con-
sistant à choisir au moins un ou plusieurs dispositifs
(1002) émetteurs d’électrons parmi les dispositifs
(1002) émetteurs d’électrons dans des zones diffé-
rentes parmi lesdites zones et à mesurer une relation
entre une tension d’attaque et la luminosité desdits
dispositifs (1002) émetteurs d’électrons dans les dif-
férentes zones parmi lesdites zones, simultané-
ment.

5. Procédé selon la revendication 1, dans lequel la me-
sure de luminosité à ladite étape (étape 1005) de
mesure se fait à l’aide d’un appareil (305) de mesure
de luminosité qui est capable de mesurer, sans être
déplacé, la luminosité d’au moins un ou plusieurs
dispositifs (1002) émetteurs d’électrons dans cha-
cune desdites zones.

6. Procédé selon la revendication 1, dans lequel ladite
étape (étape 1010) de remplacement comprend une
étape consistant à choisir (étape 1107) au moins un
ou plusieurs dispositifs (1002) émetteurs d’électrons
parmi les dispositifs (1002) émetteurs d’électrons
dans des zones différentes parmi lesdites zones et
à appliquer (étape 1105) une tension de décalage
de caractéristique à chacun desdits dispositifs
(1002) émetteurs d’électrons dans les différentes zo-
nes parmi lesdites zones, simultanément.

7. Procédé de fabrication pour un équipement de for-
mation d’image qui est pourvu d’une source multiple
(1001 à 1004) d’électrons dans laquelle une pluralité
de dispositifs (1002) émetteurs d’électrons sont con-
nectés électriquement par câblage et agencés sur
un substrat (1001) et un élément fluorescent (1008)
destiné à émettre de la lumière par rayonnement
d’un faisceau d’électrons, le procédé comprenant les
étapes consistant :

à former une pluralité d’électrodes (1003, 1004)
pour les dispositifs (1002) émetteurs d’électrons
et des films conducteurs de l’électricité sur ledit
substrat (1001) ;
à former des parties émettrices d’électrons de
ladite pluralité de dispositifs (1002) émetteurs
d’électrons en alimentant lesdits films conduc-
teurs de l’électricité via lesdites électrodes pour
les dispositifs (1002) émetteurs d’électrons ;
à activer lesdites parties émettrices d’électrons ;
et
à mettre en oeuvre ledit procédé d’ajustement
de caractéristiques d’un équipement de forma-
tion d’image selon la revendication 1.

35 36 



EP 1 298 698 B1

20



EP 1 298 698 B1

21



EP 1 298 698 B1

22



EP 1 298 698 B1

23



EP 1 298 698 B1

24



EP 1 298 698 B1

25



EP 1 298 698 B1

26



EP 1 298 698 B1

27



EP 1 298 698 B1

28



EP 1 298 698 B1

29



EP 1 298 698 B1

30



EP 1 298 698 B1

31



EP 1 298 698 B1

32



EP 1 298 698 B1

33



EP 1 298 698 B1

34



EP 1 298 698 B1

35



EP 1 298 698 B1

36



EP 1 298 698 B1

37



EP 1 298 698 B1

38

REFERENCES CITED IN THE DESCRIPTION

This list of references cited by the applicant is for the reader’s convenience only. It does not form part of the European
patent document. Even though great care has been taken in compiling the references, errors or omissions cannot be
excluded and the EPO disclaims all liability in this regard.

Patent documents cited in the description

• JP 10228867 A [0021] [0037] [0038]
• EP 0803892 A [0043]

• US 5581159 A [0044]


	bibliography
	description
	claims
	drawings

