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7) ABSTRACT

A gamma voltage debugging method for an electrolumines-
cent display device, including: turning on sub-pixels in a test
region to a maximum luminance value, and recording a
driving current of an electroluminescent element at this time
as a maximum reference current; calculating reference cur-
rent values corresponding to respective gray scales accord-
ing to the maximum reference current and a preset formula;
and driving the sub-pixels in the test region to emit light, and
for each driving current equal to a reference current value,
recording a driving voltage value corresponding to the gray
scale value as a gamma voltage resulted from the debugging.
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GAMMA VOLTAGE DEBUGGING METHOD
FOR ELECTROLUMINESCENT DISPLAY
DEVICE AND APPARATUS THEREOF

CROSS-REFERENCE TO RELATED
APPLICATIONS

The present application claims priority to Chinese Patent
Application No. 201710102873.7, titled “Gamma voltage
debugging method for electroluminescent display device
and apparatus thereof”, filed Feb. 24, 2017, the entire
contents of which are incorporated herein by reference.

TECHNICAL FIELD

The present disclosure relates to the field of display
technology, and more particularly, to a gamma voltage
debugging method for an electroluminescent display device
and an apparatus thereof.

BACKGROUND

A displaying gray scale of pixels of a display product may
be adjusted by setting a gamma voltage. In a gamma voltage
debugging method for an electroluminescent display device
in the related art, a luminance meter has to be employed to
monitor the luminance to identify the proper gamma voltage
during the process of changing the voltage. Since the lumi-
nance and the voltage value should be measured and
recorded at the same time, there may be an error due to
decay of the luminance. Moreover, since many parameters
need to be measured and the apparatus is complex, the
gamma voltage debugging process is long and not suitable
for mass production.

SUMMARY

The present disclosure provides a gamma voltage debug-
ging method for an electroluminescent display device and an
apparatus thereof.

In a first aspect, the present disclosure provides a gamma
voltage debugging method, including the following steps

turning on sub-pixels in a test region to a maximum
luminance value, and recording a driving current of an
electroluminescent element at this time as a maximum
reference current;

calculating reference current values corresponding to
respective gray scales according to the maximum reference
current and a preset formula:

N

gray_max

GL Y
ler = Dnax ]

where N, ... 18 amaximum gray scale value, GLis any
gray scale between [0, N, .|, and x is a default gamma
value, 1, s the maximum reference current value, and I,
is a reference current value corresponding to GL; and

driving the sub-pixels in the test region to emit light, and
for each driving current equal to a reference current value,
recording a driving voltage value corresponding to the gray
scale value as a gamma voltage resulted from the debugging.

In one implementation, the method also includes convert-
ing gamma voltage data resulted from the debugging into a
hardware description language and generating a program
burnt to a timing controller of the electroluminescent display

panel.
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Wherein driving the sub-pixels in the test region to emit
light specifically includes: driving the pixel to emit light
with a set of driving voltages having a linear relationship
with the preset gray scales.

In addition, the method also includes: obtaining lumi-
nance values corresponding to respective gray scale values
from the reference current values and luminous efficiency of
the electroluminescent element. A luminance value corre-
sponding to a gray scale value is a product of a reference
current value corresponding to the gray scale value and the
luminous efficiency of the electroluminescent element.

Wherein the maximum luminance value is a preset maxi-
mum displaying luminance of a sub-pixel of a certain color.

In another aspect, the present disclosure provides a
gamma voltage debugging apparatus, applied to a display
panel including an electroluminescent element, and the
gamma voltage debugging apparatus including: a luminance
detection unit configured to detect a luminance of a light
emitted by a sub-pixel in a test region;

a current detection unit configured to record a driving
current of the electroluminescent element as a maximum
reference current when the luminance of the light emitted by
the sub-pixel detected by the luminance detection unit
reaches a maximum luminance value;

a current calculation unit configured to calculate reference
current values corresponding to respective gray scale values
according to the maximum reference current and a preset
formula, the preset formula being:

! / ( GL ]y
GL = imax
Ngmy,max

where N, ., 18 @ maximum gray scale value, GLis any
gray scale between [0, N, . ,,..]; and ¥ is a default gamma
value, I, is the maximum reference current value, and I,
is a reference current value corresponding to GL; and

a driving control unit configured to drive the sub-pixels in
the test region to emit light, and when a driving current is
equal to a respective reference current value, record the
corresponding driving voltage value as a gamma voltage
resulted from the debugging.

In one implementation, the gamma voltage debugging
apparatus also includes a data conversion unit configured to
convert the gamma voltage data resulted from the debugging
into a hardware description language and generate a pro-
gram burnt to a timing controller of the electroluminescent
display panel.

Further, the apparatus also includes a luminance calcula-
tion unit configured to calculate the luminance values cor-
responding to respective gray scales according to reference
current values corresponding to the respective gray scales
acquired from the current calculation unit and the luminous
efficiency of the electroluminescent element.

In one implementation, the luminance detection unit
includes a dot type luminance meter.

BRIEF DESCRIPTION OF THE DRAWINGS

In order to more clearly illustrate the embodiments of the
present disclosure or the related art, the following drawings,
which are intended to be used in the description of the
embodiments or the related art, are briefly described. It will
be apparent that the drawings in the following description
are merely exemplary embodiments of the present disclo-
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sure, and other drawings may be obtained based on these
accompanying drawings by those skilled in the art without
paying creative effort.

FIG. 1 is a flow chart of a gamma voltage debugging
method provided in a first embodiment; and

FIG. 2 is a schematic structural diagram of a gamma
voltage debugging apparatus provided in a second embodi-
ment.

DETAILED DESCRIPTION

In order to make the object, technical solutions and
advantages of the embodiments of the present disclosure
more clearly, the technical solutions in the embodiments of
the present disclosure will be described more thoroughly and
fully below in connection with the drawings in the present
disclosure. Apparently, the described embodiments are part
of the present disclosure, not all of the embodiments. other
embodiments obtained by those of ordinary skill in the art
without making creative work are within the scope of this
disclosure, based on the embodiments of the present disclo-
sure.

The First Embodiment

FIG. 1 is a flow chart of a gamma voltage debugging
method provided in the first embodiment. As shown in FIG.
1, the gamma voltage debugging method provided in the first
embodiment includes the following steps.

At step 101, sub-pixels in a test region are turned on to a
maximum luminance value, and a driving current of the
electroluminescent element at this time is recorded as a
maximum reference current.

At step 102, reference current values corresponding to
respective gray scales are calculated according to the maxi-
mum reference current and a preset formula.

In color display, each pixel is composed of at least three
color sub-pixels: red, green and blue. Each color sub-pixel
may present a different luminance level, that is, correspond-
ing to a different gray scale. In the present embodiment, the
maximum luminance may be a maximum display luminance
of a sub-pixel of a certain color previously set according to
the requirement of the product. In addition, since the elec-
troluminescent element is driven by a current, the luminance
thereof has the following relationship with the amount of the
current flowing through the electroluminescent element:

L=I*

Where L is a luminance of a sub-pixel, I is a current
flowing through the electroluminescent element, and v is a
luminous efficiency of the screen, which may be learned by
conventional technical means in the art and will not be
repeated herein. Thus, the pixel of the test region is illumi-
nated to a given maximum luminance L, ... At this time, the
current flowing through the electroluminescent element cor-
responds to the maximum reference current I, . In the case
when the maximum luminance is given, the luminance
values corresponding to the respective gray scale values may
be derived by fitting the standard gamma curve. It may be
inferred that, in the case when the maximum reference
current 1, is known, the reference current values corre-
sponding to respective gay scale values should satisfy the
following formula:

1-1

GL ]Y
Ngray,max

Igmy = Imax(
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4
Where N, .. is the maximum gray scale value, GL is

any gray scale between [0, N, .|, ands is a default
gamma value. Presently in the related art, GAMMA 2.2
curve is commonly employed as a standard gamma curve.
For example, for a color depth of 10 bits, the gray scale
range is [0,1023], and reference currents corresponding to

respective gray scales are:

GL \22
IGL = Imax(1023)

The reference current values corresponding to respective
gray scale values may be obtained by substituting the
maximum current [, and the gray scale values into the
formula 1-3, respectively, to obtain a lookup table as shown
in Table 1:

TABLE 1

Gray 0 1 2 3
Scale
Value
Reference
Current
Value

1021 1022 1023

I0 I1 I2 I3 I1021 I1022 I1023

At step 103, the sub-pixels in the test region are driven to
emit light, and for each driving current equal to a reference
current value, a driving voltage value corresponding to the
gray scale value is recorded as a gamma voltage resulted
from the debugging.

In this step, in one embodiment, the pixel is driven to emit
light with a set of driving voltages having a linear relation-
ship with the preset gray scales. Assuming that the maxi-
mum voltage provided by the driving circuit is Vmax and the
number of the preset gray scales is 11 bits, the accuracy for
adjusting the driving voltage is VGL=Vmax/2048. It should
be noted that the number of the preset gray scales needs to
be greater than the number of displaying gray levels finally
resulted from the debugging, and the more the preset gray
scale values are, the more accurate the corresponding driv-
ing voltage adjustment will be, and the more accurate the
debugging will be.

The screen is turned on and a picture is captured for each
gray scale of the preset gray scales. At the same time, the
measured current flowing through the electroluminescent
element is monitored. When the measured current is equal to
a reference current value in Table 1, the corresponding
driving voltage value is recorded, to obtain driving voltage
values corresponding to respective gray scale values, as
shown in Table 2:

TABLE 2

Gray 0 1 2 3
Scale
Value
Reference
Current
Value
Driving
Voltage

1021 1022 1023

I0 I1 I2 I1021 I1022 I1023

VO Vl V2 V3 V1021 V1022 V1023

Further, according to the formula 1-1, the luminance
values corresponding to respective gray scale values may be
obtained from the reference current values and the luminous
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efficiency of the electroluminescent element, resulting in a
look-up table as shown in Table 3:

TABLE 3

Gray 0 1 2 3 1021 1022 1023
Scale

Value

Reference Iy I L I Lioan Lo Liooa
Current

Value
Luminance L, L, L, L Liooi Liozz Lioos
Value

Driving V, V, V, Vj Vieer Vi Vies
Voltage

The data in the resulting table may be converted to
Verilog-compatible format by software such as MATLAB. A
program may be generated and burnt into a timing controller,
or the data may be directly stored in a storage unit (e.g.
Flash, EMMC, E2PROM, etc.) for direct access when
performing display.

As may be seen from the above description, the gamma
voltage debugging method described in the present embodi-
ment focuses on a fixed function relationship between the
driving currents and luminance values of the electrolumi-
nescent display element, and the gamma voltage debugging
is performed directly by detecting driving currents. Since the
adjusting and recording of the driving currents may be
performed simultaneously and continuously and the driving
voltages corresponding the currents may be provided by the
driving circuit and may be recorded and outputted automati-
cally. Therefore, it may achieve fast, precise adjustment, and
the equipment may be relatively simple, suitable for mass
production.

The Second Embodiment

FIG. 2 is a schematic structural diagram of a gamma
voltage debugging apparatus applied to a display panel
including an electroluminescent element provided in the
second embodiment. The gamma voltage debugging appa-
ratus includes:

a luminance detection unit configured to detect a lumi-
nance of a light emitted by a sub-pixel in a test region;

a current detection unit configured to record a driving
current of the electroluminescent element as a maximum
reference current when the luminance of the light emitted by
the sub-pixel detected by the luminance detection unit
reaches a maximum luminance value;

acurrent calculation unit configured to calculate reference
current values corresponding to respective gray scale values
according to the maximum reference current and the preset
formula, the preset formula being:

=] ( GL ]y
6L = nax Fr—

where N, ... 15 the maximum gray scale value, GL is
any gray scale value between [0, Ny, 10,], v 18 a default
gamma value, I___is the maximum reference current, and
1, 1s the reference current value corresponding to GL; and

a driving control unit configured to drive the sub-pixels in
the test region to emit light, and when a driving current is
equal to a respective reference current value, record the
corresponding driving voltage value as a gamma voltage

resulted from the debugging.
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The luminance detection unit may be implemented as a
dot type luminance meter or other luminance measurement
apparatus. The current detection unit may be built on a
timing controller and configured to monitor a total current
flowing through the electroluminescent element in a sub-
pixel in operation in the driving circuit. The driving control
unit may specifically include a signal generator, a driving
circuit, a register, etc., and may be preferably implemented
by an integrated IC (the IC may be placed outside the
substrate of the display device or in a non-display region of
the substrate).

In one embodiment, the gamma voltage debugging appa-
ratus further includes a data conversion unit configured to
convert the gamma voltage data resulted from the debugging
into a hardware description language and generate a pro-
gram burnt to a timing controller of the electroluminescent
display panel.

Further, the apparatus may further include a luminance
calculation unit configured to calculate the luminance values
corresponding to respective gray scales according to refer-
ence current values corresponding to the respective gray
scales acquired from the current calculation unit and the
luminous efficiency of the electroluminescent element.

The gamma voltage debugging apparatus provided in the
present embodiment may be used to perform the gamma
voltage debugging method described in the previous
embodiment, and the principle and effect thereof are similar
to those described below. The gamma voltage debugging
apparatus described in the present embodiment may effec-
tively improve the accuracy and speed of gamma voltage
debugging and is suitable for gamma voltage adjustment of
products in mass production.

The foregoing embodiments are merely illustrative of the
technical aspects of the present disclosure and are not
intended to be limiting thereof. Although the present dis-
closure has been described in detail with reference to the
foregoing embodiments, it will be understood by those
skilled in the art that it is still possible to modify the
technical solutions described in the foregoing embodiments
or to equivalently substitute some of the technical features
therein, and these modifications or substitutions do not
depart from the spirit and range of the technical solutions of
the embodiments of the present disclosure.

What is claimed is:
1. A gamma voltage debugging method for an electrolu-
minescent display panel, comprising:

turning on sub-pixels in a test region to a maximum
luminance value, and recording a driving current of an
electroluminescent element at this time as a maxinum
reference current;

calculating reference current values corresponding to
respective gray scales for each of sub-pixels according
to the maximum reference current and a preset formula:

o ( GL ]y
GL =
e Ngmyfmax
whereN,,,, . ,,,, 18 @ maximum gray scale value, GLis any

gray scale between [0, N, ,...], and v is a default
gamma value, [, is the maximum reference current
value, and I ;; 1s a reference current value correspond-
ing to GL;

driving the sub-pixels in the test region to emit light, and
for each driving current of sub-pixels equal to a refer-

ence current value, recording a driving voltage value
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corresponding to the gray scale value as a gamma
voltage resulted from the debugging; and

converting gamma voltage data resulted from the debug-

ging into a hardware description language and gener-
ating a program burmt to a timing controller of the
electroluminescent display panel.

2. The gamma voltage debugging method according to
claim 1, herein the step of driving the sub-pixels in the test
region to emit light comprises: driving the pixel to emit light
with a set of driving voltages having a linear relationship
with the preset gray scales.

3. The gamma voltage debugging method according to
claim 2, further comprising:

converting gamma voltage data resulted from the debug-

ging into a hardware description language and gener-
ating a program burnt to a timing controller of the
electroluminescent display panel.

4. The gamma voltage debugging method according to
claim 1, wherein for each driving current equal to a refer-
ence current value, recording a driving voltage value cor-
responding to the gray scale value as a gamma voltage
resulted from the debugging comprises:

capturing a picture for each gray scale of the preset gray

scales, at the same time, monitoring a measured current
flowing through the electroluminescent element, and
when the measured current is equal to a reference
current value, recording the corresponding driving volt-
age value to obtain a driving voltage values corre-
sponding to the respective gray scale value.

5. The gamma voltage debugging method according to
claim 4, further comprising:

converting gamma voltage data resulted from the debug-

ging into a hardware description language and gener-
ating a program burnt to a timing controller of the
electroluminescent display panel.

6. The gamma voltage debugging method according to
claim 1, further comprising:

obtaining luminance values corresponding to respective

gray scale values from the reference current values and
luminous efficiency of the electroluminescent element.

7. The gamma voltage debugging method according to
claim 6, further comprising:

converting gamma voltage data resulted from the debug-

ging into a hardware description language and gener-
ating a program burnt to a timing controller of the
electroluminescent display panel.

8. The gamma voltage debugging method according to
claim 6, wherein a luminance value corresponding to a gray
scale value is a product of a reference current value corre-
sponding to the gray scale value and the luminous efficiency
of the electroluminescent element.

9. The gamma voltage debugging method according to
claim 8, further comprising:
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10. The gamma voltage debugging method according to
claim 1, wherein the maximum luminance value is a preset
maximum displaying luminance of a sub-pixel of a certain
color.

11. The gamma voltage debugging method according to
claim 10, further comprising:

converting gamma voltage data resulted from the debug-
ging into a hardware description language and gener-
ating a program burnt to a timing controller of the
electroluminescent display panel.

12. A gamma voltage debugging apparatus, applied to a
display panel comprising an electroluminescent element,
and the gamma voltage debugging apparatus comprising:

a luminance detection apparatus configured to detect a
luminance of a light emitted by a sub-pixel in a test
region;

a current detector configured to record a driving current of
the electroluminescent element as a maximum refer-
ence current when the luminance of the light emitted by
the sub-pixel detected by the luminance detection appa-
ratus reaches a maximum luminance value;

a current calculator configured to calculate reference
current values corresponding to respective gray scale
values for each of sub-pixels according to the maxi-
mum reference current and a preset formula, the preset
formula being:

o ( GL ]y
GL =
e Ngmyfmax
where N, ,,,, 18 a maximum gray scale value, GLis any

gray scale between [0, N, ..., and y is a default
gamma value, [, is the maximum reference current
value, and I;; is a reference current value correspond-
ing to GL;

a driving controller configured to drive the sub-pixels in
the test region to emit light, and when a driving current
is equal to a respective reference current value, record
the corresponding driving voltage value as a gamma
voltage resulted from the debugging; and

a data converter configured to convert the gamma voltage
data resulted from the debugging into a hardware
description language and generate a program burnt to a
timing controller of the electroluminescent display
panel.

13. The gamma voltage debugging apparatus according to

claim 12, further comprising:

a luminance calculator configured to calculate the lumi-
nance values corresponding to respective gray scales
according to reference current values corresponding to
the respective gray scales acquired from the current
calculation unit and the luminous efficiency of the
electroluminescent element.

14. The gamma voltage debugging apparatus according to

claim 12, wherein luminance detection apparatus comprises
a dot type luminance meter.
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