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DISPLAY APPARATUS AND BACKLIGHT DRIVE METHOD 

BACKGROUND 

1. TECHNICAL FIELD 

[0001] The present invention relates to a display apparatus including a display panel 

and a backlight and to a backlight drive method.  

2. RELATED ART 

[0002] A transparent display apparatus such as an LCD (Liquid Crystal Display) 

apparatus or MEMS (Micro Electrical Mechanical System) display apparatus includes a 

display panel, a backlight arranged behind the display panel, and the like, and adopts a so

called PWM light adjustment method as a method for adjusting the luminance (brightness) 

of the display panel. The PWM light adjustment method includes adjusting the current 

supplied to the backlight by changing the pulse width (duty ratio) of a pulse signal.  

[0003] In recent years, the principles of PWM light control have been used to realize 

blinking backlight control that improves moving image visibility of a display panel. This 

blinking backlight control includes performing control causing the backlight to flash in 

synchronization with a vertical synchronization signal at the end of a field of a video 

signal for the display panel, such that the video is not seen during the flashing of the 

backlight, thereby causing video images to appear in an overlapping manner, as shown in 

Patent Document 1, for example.  

[0004] Patent Document 1: Japanese Patent Application Publication No. H5-303078 

[0004a] Any discussion of the prior art throughout the specification should in no way be 

considered as an admission that such prior art is widely known or forms part of common 

general knowledge in the field.  

[0005] However, when performing the blinking backlight control, the maximum 

luminance of the liquid crystal panel decreases due to the flashing time period of the 

backlight, and therefore there is a problem that the light adjustment range of the liquid 

crystal panel becomes narrow.  

[0006] In light of the above situation, it is an objective of the present invention to 

provide a display apparatus and backlight drive method that improve the visibility of a 

moving image and increase the light adjustment range.  

[0006a] It is an object of the present invention to overcome or ameliorate at least one of 
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the disadvantages of the prior art, or to provide a useful alternative.  

[0006b] Unless the context clearly requires otherwise, throughout the description and 

the claims, the words "comprise", "comprising", and the like are to be construed in an 

inclusive sense as opposed to an exclusive or exhaustive sense; that is to say, in the sense 

of "including, but not limited to".  

SUMMARY 

[0007] According to a first aspect of the present invention, provided is a display 

apparatus comprising: 

a display panel; 

a rewriting section that rewrites an image displayed on a screen of the display 

panel with a prescribed period; 

a backlight used by the display panel to adjust luminance of the screen 

according to an arbitrary adjustment value; and 

a drive control section that controls an amount of drive current supplied to the 

backlight during a drive time period, during which the backlight is driven, and a length of 

the drive time period of the drive current, repeatedly in synchronization with the 

prescribed period that is also a period with which the drive time period and a rest time 

period, during which driving is stopped, alternate, wherein 

the rewriting section writes a frame of the same image twice during the 

prescribed period, 

the drive control section causes the drive time period to be included in a time 

period during which different images are not mixed together in a single frame, and causes 

a time period in which different images are mixed together in a single frame to be included 

in the rest time period, 

the drive control section sets the rest time period to be a prescribed time period 

for a range in which the adjustment value is less than a prescribed value, and sets the rest 

time period to be shorter than the prescribed time period for a range in which the 

adjustment value is greater than the prescribed value, and 

the drive control section increases or decreases an integrated value of the drive 

current according to the adjustment value.  

[0008] According to a second aspect of the present invention, in the display apparatus 

of the first aspect, the drive control section causes the drive current to be constant for a 
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range in which the adjustment value is greater than the prescribed value.  

[0009] According to a third aspect of the present invention, in the display apparatus of 

the first or second aspect, the prescribed value is set according to the prescribed time 

period and an upper limit value of the drive current supplied to the backlight.  

[0010] According to a fourth aspect of the present invention, provided is a backlight 

drive method performed by a display apparatus that includes a display panel in which an 

image displayed on a screen of the display panel is rewritten with a prescribed period and 

a backlight used by the display panel to adjust luminance of the screen according to an 

arbitrary adjustment value, the method comprising: 

controlling an amount of drive current supplied to the backlight during a drive 

time period, during which the backlight is driven, and a length of the drive time period of 

the drive current, repeatedly in synchronization with the prescribed period that is also a 

period with which the drive time period and a rest time period, during which driving is 

stopped, alternate, wherein 

the display panel writes a frame of the same image twice during the prescribed 

period, 

the controlling includes causing the drive time period to be included in a time 

period during which different images are not mixed together in a single frame, and causing 

a time period in which different images are mixed together in a single frame to be included 

in the rest time period, 

the controlling includes setting the rest time period to be a prescribed time 

period for a range in which the adjustment value is less than a prescribed value, and setting 

the rest time period to be shorter than the prescribed time period for a range in which the 

adjustment value is greater than the prescribed value, and 

the controlling includes increasing or decreasing an integrated value of the 

drive current according to the adjustment value.  

[0011] In the first aspect and the fourth aspect, the drive control section controls the 

length of the drive time period of the drive current that causes the drive time period during 

which the backlight is driven and the rest time period during which the driving is stopped 

to repeatedly alternate, in synchronization with the rewriting period of the display panel.  

The period of the drive current is in synchronization with the rewriting period of the 

display panel. The drive current is a pulse signal that undergoes PWM control, for 

example, the drive time period corresponds to the pulse width of the pulse signal, and the 

rest time period is the time period between adjacent pulse signals. In other words, the 
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backlight lights up during the drive time period, and the backlight does not emit light 

during the rest time period. The length of the drive time period is the length of the pulse 

width of the pulse signal, and shortening or lengthening the drive time period is equivalent 

to decreasing or increasing the duty ratio of the PWM control. By lengthening the drive 

time period of the drive current, i.e. by increasing the duty ratio of the drive signal, the 

amount of light emitted by the backlight increases and the luminance of the display panel 

becomes higher.  

[0012] The drive control section controls the amount of drive current supplied to the 

backlight during the drive time period. For example, when the drive current has a 

prescribed duty ratio, by increasing the amount of drive current during the drive time 

period, it is possible to increase the amount of light emitted by the backlight and cause the 

luminance of the display panel to be higher. Furthermore, by decreasing the amount of 

drive current during the drive time period, it is possible to decrease the amount of light 

emitted by the backlight and cause the luminance of the display panel to be lower.  

[0013] In a range where the adjustment value is lower than the prescribed value, the 

drive control section sets the rest time period to be a prescribed period and increases or 

decreases the integrated value of the drive current according to the adjustment value.  

Setting the rest time period to a prescribed time period refers to fixing the duty ratio of the 

drive current to a desired value, for example. By fixing the duty ratio of the drive current 

at a desired value, even when a moving image is displayed on the screen, the visibility of 

the moving image can be improved and the occurrence of flickering or the like can be 

restricted. The adjustment value is a brightness adjustment value, for example, and by 

increasing or decreasing the integrated value of the drive current according to the 

brightness level, it is possible to adjust (control) the luminance of the display panel.  

[0014] On the other hand, in a range where the adjustment value is higher than the 

prescribed value, the drive control section causes the rest time period to be shorter than the 

prescribed time period. By causing the rest time period to be shorter than the prescribed 

time period, the time period during which the drive current flows is lengthened without 

increasing the drive current, and therefore it is possible to increase the amount of light 

emitted by the backlight and increase the luminance of the display panel. In this way, it is 

possible to further increase the luminance of the display panel in a range where the 

adjustment value is higher than the prescribed value, and to expand the light adjustment 

range of the display panel.  

[0015] In the second aspect, the drive control section sets the drive current to be 

constant in a range where the adjustment value is greater than the prescribed value. In 
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other words, the drive time period of the drive signal is shortened or lengthened in the 

range where the adjustment value is higher than the prescribed value, and therefore it is 

possible to keep the drive current constant without being increased. Therefore, even when 

it is impossible to increase the drive current, it is still possible to further increase the 

luminance of the display panel in a range where the adjustment value is higher than the 

prescribed value, and to expand the light adjustment range of the display panel.  

[0016] In the third aspect, the prescribed value is set according to the prescribed time 

period and the upper limit value of the drive current supplied to the backlight. Therefore, 

in the range where the drive current is less than the upper limit value (the range where the 

luminance is less than the prescribed value), it is possible to fix the drive time period of 

the drive current, improve the visibility of the moving image, restrict the occurrence of 

flickering or the like, and enable light adjustment by increasing or decreasing the drive 

current. Furthermore, in the range where the drive current has reached the upper limit 

value (the range where the luminance is greater than the prescribed value), by fixing the 

drive current at the upper limit value and shortening the rest time period of the drive 

current (or lengthening the drive time period of the drive current), it is possible to improve 

the visibility of the moving image and expand the light adjustment range to include higher 

luminance.  

[0017] With the present embodiment, it is possible to improve the visibility of a 

moving image and increase the light adjustment range.  

BRIEF DESCRIPTION OF THE DRAWINGS 

[0018] Fig. 1 is a block diagram showing an exemplary configuration of a display 

apparatus according to an embodiment of the present invention.  

Fig. 2 is a descriptive drawing showing an exemplary frame rewrite of the 

display apparatus according to the present embodiment.  

Figs. 3A and 3B are time charts showing exemplary drive time period control 

performed by the display apparatus according to the present embodiment.  

Figs. 4A to 4C are time charts showing an example of the drive current control 

performed by the display apparatus according to the present embodiment.  

Fig. 5 is a descriptive drawing showing a first example of a drive method of the 

backlight performed by the display apparatus according to the present embodiment.  

Fig. 6 is a descriptive drawing showing a second example of a drive method of 

the backlight performed by the display apparatus according to the present embodiment.  
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Fig. 7 is a descriptive drawing showing a third example of a drive method of 

the backlight performed by the display apparatus according to the present embodiment.  

DESCRIPTION OF EXEMPLARY EMBODIMENTS 

[0019] The following describes a display apparatus and a backlight drive method 

according to the present invention, based on drawings showing embodiments. Fig. 1 is a 

block diagram showing an exemplary configuration of a display apparatus 100 according 

to an embodiment of the present invention. The display apparatus 100 includes an LCD 

panel 10 serving as a display panel, a backlight 20 arranged on the back surface of the 

LCD panel 10, a brightness setting section 30, an image processing section 40, a PWM 

signal generating section 50, and a driver 60. The display panel is not limited to being 

liquid crystal, and may be a display panel formed from another light blocking material.  

[0020] The backlight 20 includes plurality of LEDs 21 arranged in series, a transistor 

22 that serves as a switching element for switching the current flowing through each LED 

21 (the drive current) ON and OFF, a bias resistance 23 for limiting the current flowing 

through the base of the transistor 22 to be a suitable value, and the like. The example of 

Fig. 1 shows a configuration in which a plurality of LEDs 21 are connected in series, but 

the number of LEDs 21 and the connection state of the LEDs 21 are not limited to this 

example.  

[0021] The image processing section 40 reads image data acquired from an external 

apparatus or image data stored in a recording apparatus (not shown), for example, and 

outputs an image signal for each single frame to the LCD panel 10. In the present 

embodiment, the image signal is referred to as a video signal. The time period of a single 

frame is a rewrite period during which the LCD panel 10 rewrites the image of one frame 

displayed on the screen, and is the same as a time period of the vertical synchronization 

signal of the LCD panel 10. The time period of a single frame, i.e. the period of a vertical 

synchronization signal, is 120 Hz, for example, but is not limited to this value and may 

instead be 60 Hz, 240 Hz, or the like.  

[0022] The LCD panel 10 outputs the vertical synchronization signal to the PWM 

signal generating section 50. The example of Fig. 1 shows a configuration in which the 

LCD panel 10 outputs the vertical synchronization signal, but the present invention is not 

limited to this, and in a case where a display control section (not shown) that performs 

display control for the LCD panel 10 is provided separately from the LCD panel 10, this 

display control section may output the vertical synchronization signal.  
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[0023] Fig. 2 is a descriptive drawing showing an exemplary frame rewrite of the 

display apparatus 100 according to the present embodiment. The upper portion of Fig. 2 

shows a rewrite state of a frame (an image of one frame), and the lower portion shows the 

timing of the vertical synchronization signal. As shown in Fig. 2, the vertical 

synchronization signal is repeatedly output with a prescribed rewrite period T. In the 

present embodiment, the rewrite period T is 120 Hz, and the single frame time period is 

approximately 8.3 ms. The rewrite period T is not limited to 120 Hz, and may instead be 

60 Hz, 240 Hz, or the like.  

[0024] The LCD panel 10 writes a frame of the same image two times during the 

rewrite period T. For example, for convenience, Fig. 2 shows frames 1 to 6 in time 

sequence, and frame 1 corresponds to image A. The LCD panel 10 writes the same image 

B to frame 2 and frame 3.  

[0025] In frame 2, image A written in frame 1 still remains, and therefore image A is 

gradually rewritten to become image B. At the time when frame 2 ends, image B has been 

written. In frame 3, image B is written again, and therefore only image B is displayed.  

Actually, a process of rewriting image B with image B is performed here.  

[0026] There is a small time difference (time shift) AT between the point of time when 

the writing of image B in frame 3 ends and the point of time when a next vertical 

synchronization signal is output. This time difference AT is a time difference caused by 

internal processing, and is approximately 1 ms, for example. The period T of the vertical 

synchronization signal is 120 Hz, and the time between vertical synchronization signals is 

approximately 8.3 ms. Within the LCD panel 10, writing is performed at 240 Hz, which is 

twice the period T.  

[0027] In the same manner, in frame 4, image B written in frame 3 still remains, and 

therefore image B is gradually rewritten to become image C. At the time when frame 4 

ends, image C has been written. In frame 5, image C is written again, and therefore only 

image C is displayed. Actually, a process of rewriting image C with image C is performed 

here.  

[0028] In frame 6, image C written in frame 5 still remains, and therefore image C is 

gradually rewritten to become image D. The following process is performed in the same 

manner.  

[0029] The brightness setting section 30 has a function to adjust the luminance of the 

LCD panel 10, and can set the luminance of the screen of the LCD panel 10 to have a 

brightness adjustment value in a range from 0% to 100%, for example. The brightness 

setting section 30 may be a knob such as used for volume (not shown) provided to the 
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display apparatus 100, or may be a setting screen that is displayed on the screen of the 

display apparatus 100. The display apparatus 100 may perform the setting automatically, 

without input from the user. Instead, the setting may be performed from an information 

device such as a computer outside of the display apparatus 100, via a communication 

interface such as a USB. The brightness setting section 30 outputs the brightness 

adjustment value to the PWM signal generating section 50 as a set adjustment value.  

[0030] The PWM signal generating section 50 functions as a drive control section, and 

controls the length of the drive time period of the drive current to repeatedly alternate 

between a drive time period during which the backlight 20 is driven and a rest time period 

during which the driving is stopped, in synchronization with the rewrite period T of the 

LCD panel 10. In the example of Fig. 1, the PWM1 signal corresponds to the drive 

current. The PWM signal generating section 50 outputs the PWM1 signal to the driver 60.  

[0031] The period of the PWM1 signal is in synchronization with the rewrite period T 

of the LCD panel 10. In the present embodiment, the period of the PWM1 signal is 120 

Hz. The PWM1 signal is a pulse signal that undergoes PWM control, in which the drive 

time period (ON time period) corresponds to the pulse width of the pulse signal and the 

rest time period (OFF time period) is the time period between adjacent pulse signals. In 

other words, the backlight 20 lights up during the drive time period, and the backlight 20 

does not emit light during the rest time period. The length of the drive time period is the 

length of the pulse width of the PWM1 signal, and shortening or lengthening the drive 

time period is equivalent to decreasing or increasing the duty ratio of the PWM control.  

By lengthening the drive time period (shortening the rest time period) of the PWM1 

signal, i.e. by increasing the duty ratio of the PWM1 signal, the amount of light emitted by 

the backlight 20 increases and the luminance of the LCD panel 10 becomes higher.  

[0032] The PWM signal generating section 50 functions as a drive control section, and 

controls the amount of drive current supplied to the backlight 20 during the drive time 

period (ON time period). For example, when the PWM1 signal has a prescribed duty 

ratio, by increasing the amount of drive current during the drive time period, it is possible 

to increase the amount of light emitted by the backlight 20 and cause the luminance of the 

LCD panel 10 to be higher. Furthermore, by decreasing the amount of drive current 

during the drive time period, it is possible to decrease the amount of light emitted by the 

backlight 20 and cause the luminance of the LCD panel 10 to be lower.  

[0033] More specifically, the PWM signal generating section 50 outputs to the driver 

60 a PWMO signal for increasing or decreasing the drive current. The PWMO signal is a 

pulse signal that undergoes PWM control and has a period of approximately 18 kHz, for 
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example, in which the duty ratio pf the PWMO signal becomes larger when the drive 

current supplied to the backlight 20 is increased and the duty ratio pf the PWMO signal 

becomes smaller when the drive current supplied to the backlight 20 is decreased.  

[0034] The driver 60 has a so-called signal conversion function. The driver 60 outputs 

the PWM1 signal output from the PWM signal generating section 50 as-is to the base of 

the transistor 22 of the backlight 20, or performs amplification, impedance conversion, or 

the like on the PWM1 signal output from the PWM signal generating section 50 and 

outputs the resulting signal to the base of the transistor 22 of the backlight 20. With this 

configuration, during the drive time period (ON time period) of the PWM1 signal, the 

transistor 22 is ON, current (drive current) flows through the LED 21, and the backlight 20 

lights up. On the other hand, during the rest time period (OFF time period) of the PWM1 

signal, the transistor 22 is OFF and current (drive current) does not flow through the LED 

21, and therefore the backlight 20 does not emit light.  

[0035] The driver 60 includes a low-pass filter, a power supply section, and the like, 

converts the PWMO signal output by the PWM signal generating section 50 into DC 

voltage using the low-pass filter, and controls the amount of drive current output to the 

backlight 20 according to the magnitude of the DC voltage resulting from the conversion.  

In other words, when the duty ratio of the PWMO signal is larger, the DC voltage resulting 

from the conversion by the low-pass filter is higher and more drive current is supplied to 

the backlight 20 by the driver 60. As described further below, the amount of light of the 

backlight is determined by the integrated value of the drive current, and therefore a 

conversion to DC voltage is not absolutely necessary, and the backlight 20 may be driven 

by the unaltered PWM signal.  

[0036] Figs. 3A and 3B are time charts showing exemplary drive time period control 

performed by the display apparatus 100 according to the present embodiment. The drive 

time period control is control for driving the backlight 20 by changing the duty ratio of the 

PWM1 signal. Fig. 3A shows the low luminance region, and Fig. 3B shows the high 

luminance region. The low luminance region refers to a range in which the brightness 

adjustment value is less than a prescribed value, and the high luminance region refers to a 

range in which the brightness adjustment value is greater than the prescribed value. The 

prescribed value can be set to correspond to an upper limit value for the drive current 

supplied to the backlight 20, for example. Specifically, the low luminance region is a 

region in which the drive current supplied to the backlight 20 is less than the upper limit 

value, and the high luminance region is a region in which the drive current supplied to the 

backlight 20 has reached the upper limit value.  

9



[0037] The PWM1 signal is in synchronization with the period T of the vertical 

synchronization signal. The phase control point for synchronizing the PWM1 signal with 

the vertical synchronization signal is a point in time that is the time difference AT 

(approximately 1 ms, for example) earlier than the vertical synchronization signal, and 

phase control (synchronization control) is performed by changing the duty ratio while 

maintaining this time difference AT.  

[0038] As shown in Fig. 3A, when the drive time period (pulse width and ON time 

period) of the PWM1 signal is Ti, the duty ratio al can be expressed as al = Ti/T. As 

shown in Fig. 3B, in the high luminance region, when the drive time period (pulse width 

and ON time period) of the PWMl signal is T2, the duty ratio a2 can be expressed as a2= 

T2/T (a2 > al).  

[0039] As shown in Figs. 3A and 3B, the PWM1 signal changes the duty ratio while 

the phase control point is maintained. Therefore, the timing at which the frame image is 

rewritten twice with the same image is during the drive time period (ON time period) of 

the PWM1 signal, as shown in Fig. 2, and therefore it is impossible for different images to 

be mixed together in one frame. Furthermore, different images are mixed together in a 

single frame during the rest time period (OFF time period) of the PWM1 signal. In other 

words, each frame in which different images are mixed together occurs during the rest 

time period (OFF time period) of the PWM1 signal, which is the time during which the 

backlight 20 does not emit light, and therefore the state in which different images are 

mixed together is not visible. Furthermore, different images are not mixed together during 

the time period in which the backlight 20 does not emit light, and therefore blurring, 

overlap, and the like of the video can be eliminated, thereby improving the visibility of the 

moving image. In the above description, the synchronization control of the drive time 

period is performed while maintaining the time difference AT, but the present invention is 

not limited to this, and it is only necessary that the drive time period occur during the 

second rewrite time period in which different images are not mixed. For example, phase 

control may be performed using the start time of the second rewrite time period as a 

reference, or the phase may be randomly or regularly moved within the second rewrite 

time period.  

[0040] Figs. 4A to 4C are time charts showing an example of the drive current control 

performed by the display apparatus 100 according to the present embodiment. The drive 

current control is control for increasing or decreasing the drive current supplied to the 

backlight 20 by changing the duty ratio of the PWMO signal. Fig. 4A shows the PWM1 

signal, Fig. 4B shows a case in which the drive current is relatively small, and Fig. 4C 
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shows a case in which the drive current is relatively large. In Figs. 4A to 4C, the current 

waveforms are shown schematically as rectangular waveforms, for ease of explanation.  

[0041] As shown in Fig. 4B, the peak value of the current waveform supplied to the 

backlight 20 during the drive time period (ON time period) of the PWM1 signal is Il. As 

shown in Fig. 4C, the peak value of the current waveform supplied to the backlight 20 

during the drive time period (ON time period) of the PWM1 signal is 12. By changing the 

peak value of a current waveform, it is possible to control the amount of drive current.  

[0042] The luminance is determined by the integrated value of the current waveform 

used for driving, and therefore not only may the drive current be changed to have a 

constant peak value, the drive current may also be changed to raise or lower the peak 

values within the drive time period. The change amount and change timing for the peak 

value may be set as desired through visual checking or the like.  

[0043] The following describes a drive method of the backlight 20 performed by the 

display apparatus 100 according to the present embodiment. Fig. 5 is a descriptive 

drawing showing a first example of a drive method of the backlight 20 performed by the 

display apparatus 100 according to the present embodiment. In Fig. 5, the horizontal axis 

indicates the brightness adjustment value set for the brightness setting section 30. The 

vertical axis on the left side indicates percentages (%) of the duty ratio of the PWM1 

signal and the peak value (drive current value) of the current waveform of the drive 

current supplied to the backlight 20. A peak value of 100% represents the upper limit 

(allowable range) for current flow that enables circuit operation. The vertical axis on the 

right side indicates the luminance of the LCD panel 10.  

[0044] As shown in Fig. 5, in the range where the brightness adjustment value is less 

than the prescribed value (the range where the brightness adjustment value is from 0% to 

B 1% in the example of Fig. 5), the PWM signal generating section 50 sets the drive time 

period (or the rest time period) to be a prescribed time period. Specifically, the PWM 

signal generating section 50 fixes the duty ratio at a desired value (a value of al% in the 

example of Fig. 5). The duty ratio is set to a value that optimizes the visibility of the 

moving image through visual checking, and differs according to the panel characteristics 

and circuit capabilities. At the same time, the PWM signal generating section 50 increases 

or decreases the drive current (the drive current is from 11% to 12% in the example of Fig.  

5) by changing the peak value of the drive current according to the brightness adjustment 

value (greater than or equal to 0% and less than or equal to B 1% in the example of Fig. 5).  

By fixing the duty ratio of the PWM1 signal as a desired value, even when a moving 

image is displayed on the screen, the visibility of the moving image can be improved and 
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the occurrence of flickering or the like can be restricted. By increasing or decreasing the 

drive current according to the brightness level, it is possible to adjust (control) the 

luminance of the LCD panel 10. As described above, the drive current may be adjusted 

according to the integrated change using the rest time period, regardless of the peak 

values.  

[0045] In the range where the brightness adjustment value is greater than the 

prescribed value (the range where the brightness adjustment value is greater than B 1% and 

less than or equal to 100% in the example of Fig. 5), it is impossible to increase the light 

amount using only the drive current because the drive current reaches the upper limit of 

100%, and therefore the PWM signal generating section 50 causes the drive time period to 

be longer than a prescribed time period (or causes the rest time period to be shorter than a 

prescribed time period). Specifically, the PWM signal generating section 50 causes the 

duty ratio of the PWM1 signal to be greater than the desired value (al%). By causing the 

drive time period to be longer than the prescribed time period, the time period during 

which the drive current flows is lengthened without increasing the drive current, and 

therefore it is possible to increase the amount of light emitted by the backlight 20 and 

increase the luminance of the LCD panel 10. In this way, it is possible to further increase 

the luminance of the LCD panel 10 in a range where the brightness adjustment value is 

higher than the prescribed value, and to expand the light adjustment range of the LCD 

panel 10.  

[0046] More specifically, in the range where the brightness adjustment value is higher 

than the prescribed value (a range in which the brightness adjustment value is greater than 

B 1% and less than or equal to 100% in the example of Fig. 5), the PWM signal generating 

section 50 shortens or lengthens the drive time period according to the magnitude of the 

brightness adjustment value. In the example of Fig. 5, when the brightness adjustment 

value increases from B1% to 100%, the duty ratio of the PWM1 signal increases from 

al% to a2%.  

[0047] In the range where the brightness adjustment value is greater than or equal to 

0% and less than B1%, by fixing the duty ratio of the PWM1 signal at al% and increasing 

the drive current from 11% to 12%, the luminance of the LCD panel 10 increases from Li 

[cd/m2] to L2 [cd/m2]. Furthermore, in the range where the brightness adjustment value 

is from B 1% to 100%, by fixing the drive current at 12% and changing the duty ratio of the 

PWM1 signal from al% to a2%, the luminance of the LCD panel 10 increases from L2 

[cd/m2] to L3 [cd/m2].  

[0048] In this way, with a configuration in which the duty ratio of the PWM signal is 
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fixed and the drive current is increased, as shown in the example of Fig. 5, the maximum 

luminance of the LCD panel 10 is L2 [cd/m2], and a luminance greater than this cannot be 

realized. However, by maintaining the drive current at 100% and increasing the duty ratio 

of the PWM1 signal according to the magnitude of the brightness adjustment value, such 

as in the present embodiment, it is possible to increase the maximum luminance to L3 

[cd/m2] and to expand the light adjustment range of the high luminance region. Through 

experimentation performed by the inventor, it was found that the maximum luminance can 

be increased by approximately 30% using the present embodiment.  

[0049] As understood from Fig. 5, it is possible to linearize the change percentage of 

the luminance in the range where the brightness adjustment value is greater than or equal 

to 0% and less than or equal to B1% and in the range where the brightness adjustment 

value is greater than B1% and less than or equal to 100%. In this way, by setting the 

percentage of the change in the luminance of the LCD panel 10 in a case where the drive 

current is increased or decreased according to the magnitude of the brightness in the range 

where the brightness adjustment value is less than the prescribed value to be equal to the 

percentage of the change in the luminance of the LCD panel 10 in a case where the drive 

time period is increased or decreased according to the magnitude of the brightness 

adjustment value in the range where the brightness adjustment value is greater than the 

prescribed value, it is possible to realize light adjustment that is the same (linear) in the 

range where the brightness adjustment value is greater than the prescribed value and the 

range where the brightness adjustment value is less than the prescribed value.  

[0050] The PWM signal generating section 50 sets the drive current to be constant 

(12%) in the range where the brightness adjustment value is greater than B1% and less 

than or equal to 100%. In other words, in the range where the brightness adjustment value 

is greater than the prescribed value, the drive time period of the drive current is increased 

or decreased according to the magnitude of the brightness adjustment value, and therefore 

it is possible to keep the drive current constant without any increase. Therefore, even in a 

case where the drive current has reached the upper limit for a circuit, it is possible to 

further increase the luminance of the LCD panel 10 and to expand the light adjustment 

range of the LCD panel 10.  

[0051] The prescribed value used to separate the luminance of the screen into high 

luminance and low luminance (the brightness adjustment value B1% in the example of 

Fig. 5) is set according to the upper limit value of the drive current supplied to the 

backlight 20. Therefore, in the range where the drive current is less than the upper limit 

value (the range where the luminance is less than the prescribed value), it is possible to fix 
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the drive time period of the drive signal, improve the visibility of the moving image, 

restrict the occurrence of flickering or the like, and enable light adjustment by increasing 

or decreasing the drive current. Furthermore, in the range where the drive current has 

reached the upper limit value (the range where the luminance is greater than the prescribed 

value), by fixing the drive current at the upper limit value and lengthening the drive time 

period of the drive signal, it is possible to improve the visibility of the moving image and 

expand the light adjustment range to include higher luminance. With the present 

embodiment, a distinction is made by which the range where the brightness adjustment 

value is greater than or equal to 0% and less than or equal to B 1% is low luminance and 

the range where the brightness adjustment value is greater than B 1% and less than or equal 

to 100% is high luminance, but the present invention is not limited to this, and the 

distinction may be made such that a range where the brightness adjustment value is greater 

than or equal to 0% and less than B 1% is low luminance and a range where the brightness 

adjustment value is greater than or equal to B1% and less than or equal to 100% is high 

luminance.  

[0052] Fig. 6 is a descriptive drawing showing a second example of a drive method of 

the backlight 20 performed by the display apparatus 100 according to the present 

embodiment. In the example of Fig. 5 described above, in the range where the adjustment 

value is higher than the prescribed value (where the brightness adjustment value is higher 

than B 1%), the drive current is fixed and the drive time period is increased or decreased 

according to the brightness adjustment value, but the present invention is not limited to 

this. As shown in Fig. 6, in the range where the adjustment value is higher than the 

prescribed value (where the brightness adjustment value is higher than B1%), the drive 

time period may be fixed (a duty ratio of a2 in the example of Fig. 6) and the drive current 

may be increased or decreased (a drive current from 13% to 12% in the example of Fig. 6) 

according to the brightness adjustment value. In this case, in the same manner as shown in 

Fig. 5, the luminance increases from Li to L2 in the range where the brightness 

adjustment value is greater than or equal to 0% and less than or equal to B1%, and the 

luminance increases from L2 to L3 in the range where the brightness adjustment value is 

greater than B1% and less than or equal to 100%. The present invention is not limited to 

the above, and a drive method may be used for a range where the brightness adjustment 

value is greater than or equal to 0% and less than B 1% and a range where the brightness 

adjustment value is greater than or equal to B1% and less than or equal to 100%.  

[0053] Fig. 7 is a descriptive drawing showing a third example of a drive method of 

the backlight 20 performed by the display apparatus 100 according to the present 

14



embodiment. In the example of Fig. 7, instead of fixing one of the drive current and the 

drive time period, both the drive current and the drive time period are changed to obtain a 

desired luminance. The third example shown in Fig. 7 is especially useful as a drive 

method that takes into consideration the temperature characteristics of the LED 21. In a 

LED 21, it is known that the rated current decreases in response to an increase in the 

surrounding temperature. When the drive time period is increased for high luminance, the 

amount of heat generated by the LED 21 increases, which may lead to an increase in the 

surrounding temperature. Therefore, as shown in Fig. 7, driving may be performed while 

lowering the current to draw near the drive current 14 which is commensurate with the 

increased temperature assumed and lengthening the drive time period toward a3 (> a2) in 

a manner to increase the luminance linearly.  

[0054] In the embodiments described above, in the low luminance region where the 

brightness adjustment value is from 0% to B1%, the duty ratio of the PWM1 signal is set 

to al%, but the duty ratio is not limited to al%. Furthermore, in the high luminance 

region where the brightness adjustment value is from B 1% to 100%, the duty ratio of the 

PWM1 signal is set to be from al% to a2%, but the duty ratio is not limited to being these 

values. For example, in the low luminance region where the brightness adjustment value 

is from 0% to B1%, the duty ratio can be set to be from al% to a2%, and in the high 

luminance region where the brightness adjustment value is from B1% to 100%, the duty 

ratio can be set to be from a2% to 50%. When the duty ratio is less than al%, flickering 

and the like becomes apparent. Furthermore, when the duty ratio is greater than 50%, the 

backlight 20 lights up during a portion of a frame in which different images are mixed 

together, and this degrades the visibility of the moving image.  

[0055] In the embodiments described above, the prescribed value of brightness for 

distinguishing between the low luminance region and the high luminance region is set as 

B1%, but this prescribed value is not limited to B1%. It is possible to set the brightness 

value causing the drive current to be the upper limit value as the prescribed value when the 

brightness is increased from 0%, according to the specifications of the power supply 

section of the driver 60, the forward rated current of the LEDs forming the backlight 20, 

and the like.  

List of Reference Numerals 

[0056] 10: LCD panel, 20: backlight, 30: brightness setting section, 40: image 

processing section, 50: PWM signal generating section, 60: driver 
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WHAT IS CLAIMED IS: 

1. A display apparatus comprising: 

a display panel; 

a rewriting section that rewrites an image displayed on a screen of the display 

panel with a prescribed period; 

a backlight used by the display panel to adjust luminance of the screen 

according to an arbitrary adjustment value; and 

a drive control section that controls an amount of drive current supplied to the 

backlight during a drive time period, during which the backlight is driven, and a length of 

the drive time period of the drive current, repeatedly in synchronization with the 

prescribed period that is also a period with which the drive time period and a rest time 

period, during which driving is stopped, alternate, wherein 

the rewriting section writes a frame of the same image twice during the 

prescribed period, 

the drive control section causes the drive time period to be included in a time 

period during which different images are not mixed together in a single frame, and causes 

a time period in which different images are mixed together in a single frame to be included 

in the rest time period, 

the drive control section sets the rest time period to be a prescribed time period 

for a range in which the adjustment value is less than a prescribed value, and sets the rest 

time period to be shorter than the prescribed time period for a range in which the 

adjustment value is greater than the prescribed value, and 

the drive control section increases or decreases an integrated value of the drive 

current according to the adjustment value.  

2. The display apparatus according to Claim 1, wherein 

the drive control section causes the drive current to be constant for a range in 

which the adjustment value is greater than the prescribed value.  

3. The display apparatus according to Claim 1 or 2, wherein 

the prescribed value is set according to the prescribed time period and an upper 

limit value of the drive current supplied to the backlight.  

4. The display apparatus according to any one of Claims 1 to 3, wherein 

the prescribed period is a period of a vertical synchronization signal of the 
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display panel, and 

the drive control section, at a phase control point for synchronizing a PWM 

signal corresponding to the drive current with the vertical synchronization signal, which is 

a time that is earlier than the vertical synchronization signal by a prescribed time 

difference, controls the amount of the drive current and the length of the drive time period 

that repeats in synchronization with the prescribed period with which the drive time period 

and the rest time period alternate.  

5. The display apparatus according to any one of Claims 1 to 3, wherein 

the prescribed period is a period of a vertical synchronization signal of the 

display panel, and 

the drive control section, at a phase control point that is for synchronizing a 

PWM signal corresponding to the drive current with the vertical synchronization signal 

and uses a start time of a second rewriting of a frame with the same image as a reference, 

controls the amount of the drive current and the length of the drive time period that repeats 

in synchronization with the prescribed period with which the drive time period and the rest 

time period alternate.  

6. The display apparatus according to Claim 1, wherein 

the prescribed value is set according to the prescribed time period and an upper 

limit value of the drive current supplied to the backlight, and 

the drive control section, for a range in which the adjustment value is greater 

than the prescribed value, lowers the drive current from the upper limit value of the drive 

current toward a drive current value that is commensurate with an assumed increased 

temperature, and shortens the rest time period in a manner to linearly increase the 

luminance of the screen.  

7. The display apparatus according to any one of Claims 1 to 5, wherein 

the prescribed value is set according to the prescribed time period and an upper 

limit value of the drive current supplied to the backlight, and 

the drive control section, for a range in which the adjustment value is less than 

the prescribed value, sets the rest time period to be a prescribed time period and gradually 

increases the drive current, and for a range in which the adjustment value is greater than 

the prescribed value, sets the drive current to be the upper limit value and causes the rest 

time period to gradually become shorter than the prescribed time period, such that the 
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luminance of the screen increases linearly.  

8. The display apparatus according to Claim 1, wherein 

the prescribed value is set according to the prescribed time period and an upper 

limit value of the drive current supplied to the backlight, and 

the drive control section, for a range in which the adjustment value is less than 

the prescribed value, sets the rest time period to be the prescribed time period and 

gradually increases the drive current, and for a range in which the adjustment value is 

greater than the prescribed value, sets the rest time period to be a constant rest time period 

that is shorter than the rest time period within the range in which the adjustment value is 

less than the prescribed value and gradually increases the drive current from a drive 

current value that is less than the upper limit value of the drive current toward the upper 

limit value of the drive current, such that the luminance of the screen changes linearly.  

9. A backlight drive method performed by a display apparatus that includes a 

display panel in which an image displayed on a screen of the display panel is rewritten 

with a prescribed period and a backlight used by the display panel to adjust luminance of 

the screen according to an arbitrary adjustment value, the method comprising: 

controlling an amount of drive current supplied to the backlight during a drive 

time period, during which the backlight is driven, and a length of the drive time period of 

the drive current, repeatedly in synchronization with the prescribed period that is also a 

period with which the drive time period and a rest time period, during which driving is 

stopped, alternate, wherein 

the display panel writes a frame of the same image twice during the prescribed 

period, 

the controlling includes causing the drive time period to be included in a time 

period during which different images are not mixed together in a single frame, and causing 

a time period in which different images are mixed together in a single frame to be included 

in the rest time period, 

the controlling includes setting the rest time period to be a prescribed time 

period for a range in which the adjustment value is less than a prescribed value, and setting 

the rest time period to be shorter than the prescribed time period for a range in which the 

adjustment value is greater than the prescribed value, and 

the controlling includes increasing or decreasing an integrated value of the 

drive current according to the adjustment value.  
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