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LIQUID CRYSTAL DISPLAY AND METHOD FOR
ADJUSTING TEMPERATURE THEREOF

[0001] This application claims the benefit of Taiwan appli-
cation Serial No. 94105956, filed Feb. 25, 2003, the subject
matter of which is incorporated herein by reference.

BACKGROUND OF THE INVENTION
[0002]

[0003] The invention relates in general to a liquid crystal
display (LCD), and more particularly to an LCD with a heat
dissipation device and a method for adjusting temperature of
the LCD.

[0004] 2. Description of the Related Art

[0005] Because of the rapid advance of the technology of
manufacturing the liquid crystal display (LCD) and the LCD
has the advantages of light, thin, power-saving and radia-
tionless properties, the LCDs are widely used in various
electrical products, such as PDAs (Personal Digital Assis-
tants), notebook computers, digital cameras, digital cam-
corders, mobile telephones, computer monitors and liquid
crystal televisions. However, because the LCD panel in the
LCD is a display panel that cannot emit light itself, a
backlight module has to provide light so that the display
function can be achieved. The conventional backlight mod-
ule includes a frame, a reflector and several cold cathode
fluorescent lamps (CCFLs). The reflector is disposed on the
frame, and the CCFLs are disposed above the reflector to
provide light.

[0006] Because the CCFL generates heat to cause a high
temperature rise while emitting light, the conventional LCD
adopts the heat dissipating mechanism of natural convec-
tion. However, as the required brightness of the L.CD is
gradually increasing, the increased brightness of the CCFL
inevitably generates more heat, and the internal environ-
mental temperature of the LCD is thus increased. Because
the working environmental temperature of the CCFL is
increased, the light emitting quality of the CCFL is deterio-
rated. In addition, if the working environmental temperature
of the CCFL is decreased, the light emitting quality of the
CCFL is also deteriorated. Similarly. the backlight module
using light emitting diodes (LEDs) to provide light also
encounters the above-mentioned problems.

1. Field of the Invention

SUMMARY OF THE INVENTION

[0007] Tt is therefore an object of the invention to provide
an LCD and a method for adjusting temperature thereof. The
method controls the rotating speed of the fan and the current
passing through the light sources according to the sensed
internal temperature of the LCD so as to help the LCD
dissipate heat by increasing the rotating speed of the fan as
well as to increase the output heat of the light sources by
increasing the values of the currents of the light sources.
Thus, the internal environmental temperature of the LCD is
adjusted to fall within the best working environmental
temperature of the light source such that the light source
keeps the good light emitting quality.

[0008] The invention achieves the above-identified object
by providing a heat dissipation device for a liquid crystal
display (LCD). The heat dissipation device includes a fan, a
sensor and a controller. The sensor is for sensing internal
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temperature of the LCD. The controller is connected to the
fan and is for controlling the rotating speed of the fan
according to the internal temperature of the LCD.

[0009] The invention achieves the above-identified object
by providing a liquid crystal display (LCD) including a
backlight module and a heat dissipation device. The back-
light module includes a frame, a reflector and several light
sources. The reflector is disposed on the frame. The light
sources are disposed above the reflector. The heat dissipation
device includes a fan, a sensor and a controller. The sensor
is for sensing internal temperature of the LCD. The control-
ler is connected to the fan and is for controlling the rotating
speed of the fan according to the internal temperature of the
LCD.

[0010] The invention achieves the above-identified object
by providing a method for adjusting temperature of a liquid
crystal display (LCD), which comprises a fan. In the
method, firstly, internal temperature of the LCD is sensed.
Then, the rotating speed of the fan is controlled according to
the internal temperature of the LCD.

[0011] Other objects, features, and advantages of the
invention will become apparent from the following detailed
description of the preferred but non-limiting embodiments.
The following description is made with reference to the
accompanying drawings.

BRIEF DESCRIPTION OF THE DRAWINGS

[0012] FIG. 1A is a block diagram showing a partial
circuit of an LCD according to a first embodiment of the
invention.

[0013] FIG. 1B isa cross-sectional view showing a partial
structure of the LCD according to the first embodiment of
the present invention.

[0014] FIG. 2 is a schematic illustration showing a rotat-
ing speed look-up table according to the first embodiment of
the present invention.

[0015] FIG. 3 is a flow chart showing a method for
adjusting temperature of an LCD according to a second
embodiment of the present invention.

[0016] FIG. 4 is a flow chart showing a fan controlling
step of FIG. 3.
[0017] FIG.5 is a flow chart showing a current controlling

step of FIG. 3.

DETAILED DESCRIPTION OF THE
INVENTION

[0018] FIG. 1A is a block diagram showing a partial
circuit of an LCD according to a first embodiment of the
invention. FIG. 1B is a cross-sectional view showing a
partial structure of the LCD according to the first embodi-
ment of the invention. Referring to FIGS. 1A and 1B, the
liquid crystal display (LCD) 10 includes a heat dissipation
device 10a, a backlight module 105 and an LCD panel 20.

[0019] The backlight module 105 includes a frame 16, a
reflector 17, several light sources 15, a diffuser 18, an optical
film set 19 and a light source controller 14. In this embodi-
ment, the frame 16 has a base 16a and a sloped side plate
165, both of which define a cavity 16¢ with an upward
opening. The reflector 17 is located in the cavity 16¢ and
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disposed on the base 16a and the sloped side plate 165. The
light sources 15, which include several cold cathode fluo-
rescent lamps (CCFLs), several external electrode fluores-
cent lamps (EEFLs) or several light emitting diodes (LEDs),
are located in the cavity 16¢ and disposed above the reflector
17. In this example, the light sources 15 include several
CCFLs.

[0020] The diffuser 18 is disposed on the frame 16 and
above the light sources 15 to seal the opening of the cavity
16¢. The optical film set 19 is disposed above the diffuser 18
and includes diffusing sheets and prism sheets. In addition,
the LCD panel 20 is disposed above the optical film set 19,
and the light source controller 14 is electrically connected to
the light sources 15.

[0021] The heat dissipation device 10a includes a fan 13,
a sensor 12 and a controller 11. The sensor 12 is for sensing
internal temperature T of the LCD 10. In this embodiment,
the sensor 12 is configured to sense the internal temperature
of the frame 16, the reflector 17, or the light sources 15. In
addition, the controller 11 is electrically connected to the fan
13 and is for controlling the rotating speed of the fan 13
according to the internal temperature T of the LCD 10.
Moreover, the light source controller 14 is electrically
connected to the controller 11 and the light sources 15. The
light source controller 14 is for controlling current passing
through the light sources 15 according to the internal tem-
perature T of the LCD 10.

[0022] When the controller 11 is controlling the rotating
speed of the fan 13, the LCD 10 has a first default value X1,
and the controller 11 compares the internal temperature T of
the LCD 10 with the first default value X1 to determine
whether or not the internal temperature T of the LCD 10 is
higher than the first default value X1.

[0023] When the controller 11 has determined that the
internal temperature T of the LCD 10 is higher than the first
default value X1 and the controller 11 finds that the fan 13
is rotating at a first rotating speed R1, it means that the
internal environmental temperature of the LCD 10 is too
high or exceeds the maximum value of the best working
environmental temperature of the light sources 15, and the
light emitting quality of the light sources 15 tends to be
deteriorated. In order to keep the good light emitting quality
of the light sources 15 continuously, the controller 11
changes the rotating speed of the fan 13 from the first
rotating speed R1 to a second rotating speed R2, which is
higher than the first rotating speed R1. Consequently,
increasing the rotating speed of the fan 13 can help the LCD
10 dissipate heat and prevent the internal environmental
temperature of the LCD 10 from exceeding the maximum
value of the best working environmental temperature of the
light sources 15, such that the light sources 15 can be kept
at the good light emitting quality.

[0024] When the controller 11 has determined that the
internal temperature T of the LCD 10 is lower than or equal
to the first default value X1 and the controller 11 finds that
the fan 13 is rotating at the first rotating speed R1, it means
that the internal environmental temperature of the LCD 10
falls within the range of the best working environmental
temperature of the light sources 15. At this time, the con-
troller 11 keeps the rotating speed of the fan 13 being at the
first rotating speed R1.

[0025] When the light source controller 14 is controlling
the current passing through the light sources 15, the LCD 10
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has a second default value X2, and the light source controller
14 compares the internal temperature T of the LCD 10 with
the second default value X2 to determine whether or not the
internal temperature T of the LCD 10 is lower than the
second default value X2.

[0026] When the light source controller 14 finds that the
internal temperature T of the LCD 10 is lower than the
second default value X2 and the current passing through the
light sources 15 equals a first current Cl, it means that the
internal environmental temperature of the LCD 10 is too low
or lower than the minimum value of the best working
environmental temperature of the light sources 15. In this
case, the light emitting quality of the light sources 15 is also
deteriorated. In order to keep the good light emitting quality
of the light sources 15, the light source controller 14 changes
the currents passing through the light sources 15 from the
first current C1 to a second current C2, which is higher than
the first current C1. In this embodiment, the second current
C2 value is substantially twice as much as the first current
C1 value. Because the light sources 15 is a heat source, the
output heat of the light sources 15 can be increased by
increasing the current passing through the light sources 15.
Hence, the internal environmental temperature of the LCD
10 can be increased to keep the internal environmental
temperature of the LCD 10 below the minimum value of the
best working environmental temperature of the light sources
15, such that the good light emitting quality of the light
sources 15 is kept.

[0027] When the light source controller 14 has determined
that the internal temperature T of the LCD 10 is higher than
or equal to the second default value X2 and the current
passing through the light sources 15 equals the first current
C1, it means that the internal environmental temperature of
the LCD 10 falls within the range of the best working
environmental temperature of the light sources 15. At this
time, the light source controller 14 only has to keep the
current passing through the light sources 15 being at the first
current C1 without changing the current passing through the
light sources 15.

[0028] In addition, the first default value X1 and the
second default value X2 have to be configured according to
the position of the sensor 12 and the to-be-sensed object.
When the sensor 12 senses the tube wall temperature of the
light sources 15 and the best working environmental tem-
perature of the CCFL light sources 15 ranges from 25° C. to
70° C., it means that the maximum value and the minimum
value of the best working environmental temperature of the
light sources 15 are 70° C. and 25° C., and the first default
value X1 and the second default value X2 may be set as 70°
C. and 25° C., respectively. The first default value X1 and
the second default value X2 may be stored in a storage unit,
such as a memory, electrically connected to the controller 11
and the light source controller 14 in the LCD 10.

[0029] Inthis embodiment, the controller 11 can grade the
parameters for controlling the fan according to the extent by
which the internal temperature T of the LCD 10 exceeds the
first default value X1. As the extent by which the internal
temperature T of the LCD 10 exceeds the first default value
X1 gets larger, the controller 11 adjusts the rotating speed of
the fan to a higher rotating speed. For example, the LCD 10
includes a rotating speed look-up table, which has N tem-
perature zones and N default rotating speeds corresponding
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to the N temperature zones, wherein N is a positive integer.
When the controller 11 finds that the internal temperature T
of the LCD 10 falls within the j-th temperature zone, the
controller 11 looks up the j-th default rotating speed corre-
sponding to the j-th temperature zone according to the
rotating speed look-up table, and changes the rotating speed
of the fan 13 from the first rotating speed R1 to the j-th
default rotating speed (i.e., the second rotating speed R2),
wherein j is an integer ranging from 1 to N. The controller
11 changes the rotating speed of the fan 13 from the first
rotating speed to the second rotating speed higher than the
first rotating speed according to a rotating speed look-up
table when the internal temperature T of the LCD 10 is
higher than the first default value.

[0030] FIG. 2 is a schematic illustration showing a rotat-
ing speed look-up table according to the first embodiment of
the invention. As shown in FIG. 2, the rotating speed
look-up table 25 has, for example, three temperature zones
and three default rotating speeds corresponding to the zones.
When the controller 11 finds that the internal temperature T
of the LCD 10 is higher than 70° C. but lower than 80° C.
so that the internal temperature T of the LCD 10 falls within
the first temperature zone 26a, the controller 11 changes the
rotating speed of the fan 13 from the first rotating speed R1
to the first rotating speed 27a (i.e., 2000 rpm). When the
controller 11 finds that the internal temperature T of the LCD
10 is higher than 80° C. but lower than 90° C. so that the
internal temperature T of the LCD 10 falls within the second
temperature zone 265, the controller 11 changes the rotating
speed of the fan 13 from the first rotating speed R1 to the
second rotating speed 276 (i.e., 3000 rpm). When the
controller 11 finds that the internal temperature T of the LCD
10 is higher than 90° C. so that the internal temperature T of
the LCD 10 falls within the third temperature zone 26¢, the
controller 11 changes the rotating speed of the fan 13 from
the first rotating speed R1 to the third rotating speed 27¢
(i.e., 4000 rpm). The first rotating speed R1 may be 0 rpm,
which means that the fan 13 is stationary.

[0031] One of ordinary skill in the art may easily under-
stand that the present embodiment of the invention technol-
ogy is not limited thereto. For example, the controller 11 and
the light source controller 14 may be integrated into a whole.
In addition, the light source controller 14 may be electrically
connected to the sensor 12 directly without being electrically
connected to the controller 11.

[0032] FIG. 3 is a flow chart showing a method for
adjusting temperature of the LCD according to a second
embodiment of the invention. As shown in FIGS. 3, 1A and
1B, the method of this embodiment is used in an LCD 10,
which includes a fan 13. First, as shown in step 31, sense
internal temperature T of the LCD 10. The LCD 10 further
includes a backlight module 105, which includes a frame 16,
a reflector 17 and several light sources 15. In step 31, it is
also possible to sense the internal temperature T of the frame
16, the reflector 17, or the light sources 15.

[0033] Next, the procedure enters step 32 to control the
rotating speed of the fan 13 according to the internal
temperature T of the LCD 10. Then, the procedure enters
step 33 to control current passing through the light sources
15 according to the internal temperature T of the LCD 10.
Next, the procedure goes back to step 31 to continue to
monitor the temperature of the LCD 10 so as to adjust the
temperature of the LCD 10.
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[0034] As shown in FIG. 4, the above-mentioned step 32
further includes the following sub-steps. First, in step 41,
compare the internal temperature T of the LCD 10 with a
first default value X1 to determining whether or not the
internal temperature T of the LCD 10 is higher than the first
default value X1. When the internal temperature T of the
LCD 10 is higher than the first default value X1 and the fan
13 is rotating at a first rotating speed R1, the procedure
enters step 42 to change the rotating speed of the fan 13 from
the first rotating speed R1 to a second rotating speed R2
higher than the first rotating speed R1. Then, the procedure
enters the step 33 of FIG. 3. When the internal temperature
T of the LCD 10 is lower than or equal to the first default
value X1 and the fan 13 is rotating at the first rotating speed
R1, the procedure enters step 43 to keep the rotating speed
of the fan 13 being at the original rotating speed (i.e., the first
rotating speed R1). Then, the procedure enters the step 33 of
FIG. 3.

[0035] This embodiment can grade the parameters for
controlling the fan 13 according to the extent by which the
internal temperature T of the LCD 10 exceeds the first
default value X1. As the extent by which the internal
temperature T of the LCD 10 exceeds the first default value
X1 gets larger, a controller 11 adjusts the rotating speed of
the fan to a higher rotating speed. For example, the LCD 10
further includes a rotating speed look-up table, which has N
temperature zones and N default rotating speeds correspond-
ing to the N temperature zones, wherein N is a positive
integer. In the step of changing the rotating speed of the fan
13 from the first rotating speed R1 to the second rotating
speed R2 higher than the first rotating speed R1, when the
internal temperature T of the LCD 10 falls within the j-th
temperature zone, the j-th default rotating speed correspond-
ing to the j-th temperature zone is looked up according to the
rotating speed look-up table, and the rotating speed of the
fan 13 is changed from the first rotating speed to the j-th
default rotating speed, wherein j is an integer ranging from
1 to N. The above-mentioned first rotating speed may be 0
rpm, which means that the fan 13 is stationary.

[0036] As shown in FIG. 5, step 33 further includes the
following sub-steps. First, in step 51, compare the internal
temperature T of the LCD 11 with a second default value X2
to determined whether or not the internal temperature T of
the LCD 11 is lower than the second default value X2. When
the internal temperature T of the LCD 11 is lower than the
second default value X2 and the current passing through the
light sources 15 equal a first current C1, the procedure enters
step 52 to change the current passing through the light
sources 15 from the first current C1 to a second current C2
higher than the first current C1. Then, the procedure enters
the step 31 of FIG. 3. The second current C2 value is
substantially twice as much as the first current C1 value.
When the internal temperature T of the LCD 11 is higher
than or equal to the second default value X2 and the current
passing through the light sources 15 equal the first current
C1, the procedure enters step 53 to keep the current passing
through the light sources 15 being at the original current
(i.e., the first current C1). Then, the procedure enters the step
31 of FIG. 3.

[0037] One of ordinary skill in the art may easily under-
stand that the present embodiment of the invention technol-
ogy is not limited thereto. For example, this present embodi-
ment of the invention can firstly perform the step 33 and then
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the step 32. In addition, this present embodiment of the
invention may also perform the step 32 and the step 33
simultaneously. In addition, the step 33 can be omitted from
this embodiment, and only the step 31 and the step 32 are
performed. Of course, the step 32 may be omitted from this
embodiment, and only the step 31 and the step 33 are
performed.

[0038] In the LCD and the method for adjusting tempera-
ture thereof according to the embodiments of the invention,
the rotating speed of the fan and the current passing through
the light sources are controlled according to the sensed
internal temperature of the LCD. The present embodiment of
the invention can help the LCD to dissipate heat by increas-
ing the rotating speed of the fan so as to decrease the internal
environmental temperature of the LCD. In addition, the
invention may further increase the output heat of the light
sources by increasing the current passing through the light
sources so as to increase the internal environmental tem-
perature of the LCD. Consequently, this present embodiment
of the invention may adjust the internal environmental
temperature of the LCD by controlling the rotating speed of
the fan and the current passing through the light sources,
such that the internal environmental temperature of the LCD
falls within the range of the best working environmental
temperature of the light source and the good light emitting
qualities of the light sources may be kept.

[0039] While the invention has been described by way of
examples and in terms of preferred embodiments, it is to be
understood that the invention is not limited thereto. On the
contrary, it is intended to cover various modifications and
similar arrangements and procedures, and the scope of the
appended claims therefore should be accorded the broadest
interpretation so as to encompass all such modifications and
similar arrangements and procedures.

What is claimed is:
1. A heat dissipation device for a liquid crystal display
(LCD), comprising:

a fan;
a sensor for sensing internal temperature of the LCD; and

a controller, connected to the fan, for controlling the
rotating speed of the fan according to the internal
temperature of the LCD.

2. A liquid crystal display (LCD), comprising:

a backlight module, comprising:
a frame;
a reflector disposed on the frame; and

a plurality of light sources disposed above the reflector;
and

a heat dissipation device, disposed adjacent to the back-
light module, comprising:

a fan;

a sensor for sensing internal temperature of the LCD;
and

a controller, connected to the fan, for controlling the
rotating speed of the fan according to the internal
temperature of the LCD.
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3. The LCD according to claim 2, wherein the backlight
module further comprises:

a light source controller, connected to the light sources,
for controlling current passing through the light sources
according to the internal temperature of the LCD.

4. The LCD according to claim 3, wherein the controller

and the light source controller are integrated into a whole.

5. The LCD according to claim 2, wherein the sensor is
configured to sense the temperature of the frame, the reflec-
tor or the light sources.

6. The LCD according to claim 2, wherein the light
sources comprise a plurality of cold cathode fluorescent
lamps (CCFLs), a plurality of external electrode fluorescent
lamps (EEFLs) or a plurality of light emitting diodes
(LEDs).

7. A method for adjusting temperature of a liquid crystal
display comprising a fan, comprising:

sensing internal temperature of the LCD; and

controlling the rotating speed of the fan according to the
internal temperature of the LCD.
8. The method according to claim 7, wherein controlling
the rotating speed of the fan comprises:

comparing the internal temperature of the LCD with a first
default value;

changing the rotating speed of the fan from a first rotating
speed to a second rotating speed higher than the first
rotating speed when the internal temperature of the
LCD is higher than the first default value; and

keeping the rotating speed of the fan being at the first

rotating speed when the internal temperature of the

LCD is lower than or equal to the first default value.

9. The method according to claim 8, wherein changing the

rotating speed of the fan from the first rotating speed to the
second rotating speed comprises:

changing the rotating speed of the fan from the first
rotating speed to the second rotating speed higher than
the first rotating speed according to a rotating speed
look-up table when the internal temperature of the LCD
is higher than the first default value.

10. The method according to claim 9, wherein the first
rotating speed is 0 rpm.

11. The method according to claim 8, wherein the first
rotating speed is 0 rpm.

12. The method according to claim 8, wherein the LCD
further comprises a backlight module having a frame, a
reflector disposed on the frame. and a plurality of light
sources disposed above the reflector, and wherein sensing
the internal temperature of the LCD comprises:

sensing the temperature of the frame, the reflector or the
light sources.
13. The method according to claim 12, further compris-
ing:
controlling current passing through the light sources
according to the internal temperature of the LCD.

14. The method according to claim 13, wherein control-
ling the current comprises:

comparing the internal temperature of the LCD with a
second default value;



US 2006/0192750 A1

changing the current through the light sources from a first
current value to a second current value higher than the
first current value when the internal temperature of the
LCD is lower than the second default value; and

keeping the current through the light sources being at the
first current value when the internal temperature of the
LCD is higher than or equal to the second default value.

15. The method according to claim 14, wherein the second
current value is substantially twice as much as the first
current value.

16. The method according to claim 7, wherein the LCD
further comprises a backlight module having a frame, a
reflector disposed on the frame and a plurality of light
sources disposed above the reflector, and wherein sensing
the internal temperature of the LCD comprises:

sensing the temperature of the frame, the reflector or the
light sources.
17. The method according to claim 16, further compris-
ing:
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controlling current passing through the light sources
according to the internal temperature of the LCD.
18. The method according to claim 17, wherein control-
ling the current comprises:

comparing the internal temperature of the LCD with a first
default value;

changing the current through the light sources from a first
current value to a second current value higher than the
first current value, when the internal temperature of the
LCD is lower than the first default value; and

keeping the current through the light sources being at the

first current value, when the internal temperature of the

LCD is higher than or equal to the first default value.

19. The method according to claim 18, wherein the second

current value is substantially twice as much as the first
current value.



TRBR(F) RBERARERERTHE
K (BE)S US20060192750A1

RiES US11/177164
FRIRE(FRR)AE) REXBRBBERLA

BRiE (TR A(F) Rk HEB.
HERBERNBACGE) KRS,

#RIZBA LAI CHING KUN

KBHA LAI, CHING-KUN

IPCH %5 G09G3/36

CPCH%5

1k 4 094105956 2005-02-25 TW
SAEBEE Espacenet USPTO
HE(F)

RELRER (LCD ) BREEARRMBARKE. EXRRIEER &
SHRNSMAR. RFFREETERL, XRREERSEF LG BR
FEOENE  ERARNERR. FEAFATRULCONNIBERE, 2
FIBEEIINE , AT RIELCDH AEHREZEFIXE N EIR,

patsnap

H 2006-08-31

2005-07-08

G02F1/133604 G02F2001/133628 G09G3/3406 G09G3/3611 G09G2320/041 G09G2320/0633

10
T 1
| |
| |
12_7_ Sensor |
| e
10a— } " |
| Light source
[ |
11—/||" Controller | | | controller |7 14
| || |
| K ||’\~10b
n 11 Light
13 ]| Fan I! : Sources -{-~15
L S I J


https://share-analytics.zhihuiya.com/view/5ae048f9-457f-455a-8603-a23310e1d1ad
https://worldwide.espacenet.com/patent/search/family/036931549/publication/US2006192750A1?q=US2006192750A1
http://appft.uspto.gov/netacgi/nph-Parser?Sect1=PTO1&Sect2=HITOFF&d=PG01&p=1&u=%2Fnetahtml%2FPTO%2Fsrchnum.html&r=1&f=G&l=50&s1=%2220060192750%22.PGNR.&OS=DN/20060192750&RS=DN/20060192750

