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(57) Abstract: A lighted display device that includes a display device, a backlight device and an electrical delay circuit. The back-
light device is disposed proximate the display device and configured to emit light directed to the display device. The ambient light
sensor is configured to generate a signal to adjust a brightness level of the light from the backlight device based on a change in in-
put ambient light. The electrical delay circuit is configured to apply a fixed, non-user configurable time delay to delay the adjust-
ment of the brightness level of the light from the backlight.
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BRIGHTNESS LEVEL ADJUSTMENT OF A LIGHTED DISPLAY DEVICE

BACKGROUND

{06811 Computing devices such as notebook computers include a display and a
backlight device configured to emit ight to uminate the display.

BRIEF DESCRIPTION OF THE DRAWINGS
f0002] For g detaiied description of exemplary embodiments of the invention,
reference will now be made to the accompanying drawings in which:
08037 Figure 1 shows a system that includes Wrighiness level adiustment of a
fighted display device, with the display member shown i exploded view,
constructed in accordance with at least some Hiustrative embodimants;
0004 Figure 2 shows a biock diagram of the system of Figure 1 having a
brightness leve! adiustiment of a lighted display device, constructed in acgordance
with at least some #lustrative embadiments;
{DGDE] Figure 3 is a flow chart showing a method of performing brightness level
adiustment of a iighted display device, construcied in accordance with al least
some Blustrative embodiments; and
[0008] Figure 4 are graphs showing brightness level adjustment of a lighled
display dsvice, constructed in accordance with al lsast some iusirative

smbodimanis.

DETAILED DESCRIPTION
0087 As will be explained below in further detail, in some embodiments, 2 tme
dejay is appiied o help smooth o delay abrupt changes to the brighiness level of
Sght emifted by the backiight device i response o abrupt changes in input
ambignt light, resyting in & more desirable user experience. Figure 1 shows 3
systerm 100 that includes brighitness leve! adjustment of a lighted display device
applicable (¢ a variely of applications in accordance with various embodiments.
The system 100 includes a compuling device embodied as a notebook computer
having base member 102 mechanically coupled o display member 104 such that
the display member can be adjusied o provide a variable viewing angle. As
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shown i the exploded view of the display member, the display member has a
front porlion 10% and 8 rear portion 107 which is sized and shaped 1 house
fighted display device 108 which comprises display device 114 and backlight
device 112, and ambient light sensor (ALS) circuit 108, The display device 114is
configured to provide video information. The display device 114 is disposed
adiacent to backlight device 112 which is configured to emit light 208 {o luminate
at least a portion of the display device, The ALS circuil 108 comprises ambient
ight sensor 118 and electical delay cireult 110, In some embodiments, the
ambient Hght sensor 116 and delay circuit 110 are disposed on the same support
mamber such as printed circult board. The ambient fight sensor 116 is configured
to recebve iput ambient light from exdemal fight source 202 through an opening
located at the front povlion 10& of the display member. The eilectrical delay circuit
110 receives these changes from the ambient fight sensor 118 and causes the
backlight device to adjust a brighiness level of the light 208 from the backlight
device, The delay circuit 110 is configured {o apply & fixed, non-user configurable
time dslay {o delay the adiusiment of the brighiness leve! of the fight from the
backlight device. In some embodiments, slectrical delay circult 110 generates a
signatl fo delay adjustiment of the brighiness level having a rate of change that i
less than & rate of change of the input ambient light. As will be explained below
in further detall, in some embodiments of system 100, the time delay apglied by
delay cireuit 110 helps smooth or delay abrupt changes 1o the brightness level of
ight emitted by the backiight device in response to abrupt changss in nput
ambient §ght, resuliing in & more desirable user experience. The base member
102 includes a processor and memary having instructions (o be executed by the
processor to control the display of visual information on display device 114 33
well as conirol other aspects of the computing device,

f0008] Figure 2 shows a block diagram of the system 100 including brightness
level adjustment of a lighted display device appiicable {0 a variety of applications
in accordance with various embodiments.  As explained above, display member
104 includes display device 114 which is configured to provide video information
such as, for exampie, visual images from applications or other media content
The backlight device 112 i{s configurad {o emit light 208 o Hluminale al least a
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porfion of display device 114, The ambient light sensor 116 is configured o
receive and delect changes i input ambisnt light from external light sowrce 202
The ambient light sensor 116 feeds these changes as a signal 204 to backiight
device 112 which adjusts a brighiness level of the light 208 from the backiight
device. The elecirical delay circuit 110 is configured {0 apply a fixed, non-user
configurable time delay o the adiusiment of the brighiness level, inresponse o a
change in input ambient light 202, The time delay is fixed, non-user configurable
because it is implemented in hardware and lccated within the display member
and with no ability for a user to access,

6309  In some embodiments, slectrical delay cireuit 110 comprises a passive
filter cirow configured as a resistor and capacitor component arrangement. The
defay circuit 110 helps prevent abrupt changes fo brightness level of light
generated by the backiight device in response {o abrupt changes in input ambient
fight. That is, if the brightness level s gradually changed over a time period,
rather than changed i an abrupt manner, the user would actualy discermn little or
no change in brighiness level, even though the brighiness level was changed. in
some embodiments, the ime delay may be & fixed time delay for a period in the
range of about 20 seconds (o 40 seconds. in some embodiments, the ime delay
can be gbout 30 seconds. The fime period can be any other fime period as long
as the change in brightness level of fight provided by backiight device 112 is
sufficlently gradual to malch how a user's eyes adiust to changes in light In
some embodiments, the brighiness level has a value from a fixed, nonlser
configurable brighiness rangs.

00101 it is undesirable for brief interruptions in ambient light to reach the sensor
because this may cause drastic changes in the brighiness level of the light from
hacklight device. For example, if light was prevented from reaching the ambient
fight sensor for a brief moment, such as if the user momentarily moved their hand
over he Bght sensor, the light from the backlight device would immediately
decrease o dim. Converssly, if the ambient light sensor suddenily received an
increase in light, such as from an exdermnal ight source which was suddenly umed
on, then the brighiness svel of the fight of the backlight device would increase
immediately. This may result in an unsatisfactory user experence.  In some
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embodiments of the system, a time delay Is applied to prevent abrupt changes in
ambient light from reaching the display device which may result in a more
satisfving user experience,

0011] In some embodiments, the culpul of the ambient light sensor can be
coupled to an oulput driver such as a pulse width modulation (PWM) fundion
which can generale an oufpul signal to drive backlight device, I some
embodimenis, he delay crcull may be coupled 1o the PWM function and
configured to contrel (Le., delay) the reaction fime of the PYWM and thus delay the
adiustment of the brightness level of the bacidight device.

0O1d} As explained sbove, display member 104 s mechanically coupled o
base member 102. In some smbodiments, display membsr 104 can be
mechanically coupled o base 102 member using coupling means as such as
rotatable, hinge, or other means. I some embodiments, base mamber 102 can
e sized and shaped to house one or more printed cirouit boards to suppont
processar 120 and memory 122, The display member 104 can be sized and
shaped to house one or more printed circult boards to support ALS circuit 108
and Hghied display device 108, As explained above, in some embodiments,
ambient light sensor 116 and delay circuit 110 can be disposed on the sams
privted circuil board,  In some smbodimants, display device 114 and bagklight
davice 112 are formed as an integrated module. It some embodiments, stch
integrated module can include ALS circuil 108 which helps reduce cost of
manufacturg, Other dirouitry to provide functionality for operating the computing
davice can be disposed on the printed circult boards of the base membet, the
printed circull boards of the display member, or a combination thereof

f0013] in other embodiments, the system 100 can be a tablet computing device
implemented as a display member 104 without & base member 102, The display
member would include a touch screen device placed over the display device.
The touch soreen device would snable user input to the sysiem without the need
for a8 conventional keyboard component of the base member.  iIn this
embodiment, processer 120 and memory 122 would be disposed in the display

member,
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[0014] The display device 114 provides video information o a user of the
gystem 100, and can be, for example, a liquid crystal dispiay {"LCD"), an organic
Sight emitting diode ("OLED") display, or any other display fechnology. The delay
technigues of the present application are described in the context of &
fransmissive display system. in this embodiment, display device 114 has no
reflector o reflect light from external source 202 so i requires a backlight device.
in another embodiment, the delay technigues of the present application can be in
implamented in a tranaflective display system. in this embodiment, display device
114 may include g reflector o reflect light from extemal source 202, The reflecior
would have holes through which light from the backlight devics can pass through
for darker environiments.

Wets] The memory 122 ncludes instructions t© be executed by processor 120
o control the visual display of the display device as well as control ather aspeols
of the compuding device. The processor 120 provides video information or data
208 that s presented to the user i visual form on display 114, Video information
208 can include texdual data, graphical data, efc.

{0018} The processor 120 can be a general purpose MICTOPIOCESSOF,
microcontrolier, dighal signal processor, ele configured {o sxecute software
programs.  The componenis of a processor are well known in that art and
generaly include execution units (e.g.. integer, fxad point, ficating point, ele},
msiruction decoding, registers, memories, inputfouiput ports, eic, interconnected
by buses. The memory 128 is coupled o processor 120, The memary 122 can
include various storage media, for example, magnetic storage {e.g., hard disks,
floppy disks, tape, elc.), optical slorage {&.g., compact disk, digital video disk,
gic.), or semiconductor memory {8.g., stalic or dynamic random-access-memory
{"SRAM" or "DRAM"}, read-only-memory ("ROW), FLASH memory, magnetic
random access memory {(MRAM), elc). The system 100 includes software
programming stored in memory 122 that when executed by processor 120
controls operation necessary of system 100,

BT Some embodiments of the system 100 can include inputfoulput
subsystem 124 which can comprise Input devices, such as a kevhoard, a mouse,
gtc.  Embodiments can also include various inpuWoulput sub-systems fo
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implement, for example, wired andfor wireless networking. In Figure 1, the
system 100 is depicied s 3 notebook computer, however in practice the system
100 can bge any of a variety of glecironic devices. For exampis, the system 100
gan be a telephong, personal digital assistant, music player, deskiop computer,
iaptop computer, satellite navigation system, gaming sysiem or other device that
provides a display devics,

FO018] Figure 3 shows a flow diagram for a methoed for implemanting brightness
level adjustment of a lighted display device applicable to a varietly of applications
irn accordance with various embodiments. Though depicted seguentially as a
matler of convenience, at least same of the aclions shown ¢an be performed in &
different order andfor performed in paraliel. Additionally, some embodiments may
perfarm only some of the actions shown.

16018} in block 308, ambient light sensor 116 receives ambient fight 202 from
an extemal Hght source such as light from a lamp disposed proximate the system
100, As explained below, ambisnt light sensor 118 sends a signal to delay ciroudt
110. The deday circut 110 adjusis the brightness level of ight from the backlight
device. Incdependent of the adjustment of brightness level 208, base member
components {processor and memory; generate video signal 208 {fo provide video
information on display device 114.

FG0201 In block 304, ambisnt light sensor 116 determings whether there is &
change in ambient light  If there is & change in ambient lighi, then processing
continues at biock 306, otherwise processing continues in block 302, in some
gmbodiments, a changs can comprise an increase or decreass in ambient light

ooy

For example, an increase in ambient light can be caused by an increase in ight

from a lamp proximate system 100, Conversely, 3 decrsase in ambient light can
be caused by a decrease {dimming} in light from a lamp proximate system 100,

(00217 Al block 306, ambient light sensor 118 generates a signal represeniing
the change &1 ambient Sght o adjust the brighiness level of backlight device 112,
i at least some embodiments.  In some embodiments, the system generales a
signal representing an increase or decrease it ambient Hght in the form of a

corresponding PWHM signal. Frocessing conlinues at block 308.
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0022 Al block 308, delay circuit 110 recelves the signal from ambilent light
sensor 116 and applies a delay {o the adjustment of the brightness lsvel, in at
east some embodiments.  For example, in response fo a sudden increase in
ambient light, the delay circul! responds by adjusting the brightness level in a
gradual manner so {o help prevent a sudden changs in brightness level due to
fhe sudden change in ambient light.  Accordingly, sudden changes in ambient
tight are converted into graduat changes in brightness level providing for 2 more
salisfying user experience,

f0023] Figure 4 are graphs showing brightness level adjustment of a lighted
display devics, constructed in accordance with at least some Hlustrative
ambodiments,  Specifically, graph 402 shows changes in input ambient light {Y
axis} over tme (X axis} and graph 404 shows brighiness level adjustment of fight
{Y axis} from the backiight device over time (X axisy.  To illusirate, | will be
assumed that af an initisl point in time, such as time TO, system 100 is in the OFF
state with no power being supplied to the system, As a resull, system 100 is not
able to detect ambient light {depicted by 404} and accorcingly backight device
112 does not emit any lght (depicted by 504},

00241 At some future point in ime, such as time T1, § will be assumed that a
user places sysiem 100 in the ON siale such as by swilching the power switch of
the computer device to the ON position, thereby supplying power 1o the systenm.
Ab time T1, ambient Hghi sensor 116 8 active and can delect ambient light. Al
this fime, it will be assumed, to dlustrate, that there is a sudden increase in input
ambient light {depicted by 408} such as light from 2 lamp proximate ambient light
sensor 1186, The ambient light sensor 116 detecls the increase in light and
generates a signal representing this increase in light %o delay circuit 110, The
delay circui! 110 receives this signal and responds by applying a time delay
{depicted by 5086} so as {o gradually increase the brighiness level genersted by
the backlight device. Specifically, the brighiness level increases from a low vaiue
beginning at ¥me T1 and gradually increases {o a higher value at ime T2, As
shown, a sudden increase in ambient light 406 does not cause a sudden increase
i the brighiness level of ight from backlight device 112, The delay cireuit 114G
prevenis abrupt changes 1o the brighiness level of light from belng generated by
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backlight device 112. As explained above, in some smbodiments, the brighiness
level s from a fixed, non-user configurable brightness range. It some
embodiments, the time delay (fom time T1 to time T2) is a fixed time delay for g
period of about 30 ssconds.

[0028] After ime T2, it will be assumed for Hlustrative purposes, that there s no
flrther change in ambient Hght level as depicled by 408, Accordingly, the ALS
circuit does not generate any change in brighiness level as depicted by 508.
{00287 Atsome fulure point in time, such as ime T3, for Hlustrative purposes, it
will be assumed that thers is & sudden decrease in ambient light, as depicied by
410. This may be caused by, for example, a user dimming & light from a lamp
proximate systern 100, In a similar manner, as described above in the case of 2
sudden increase i ambilent light depicted by 406, ambient light sensor 118
detects this sudden decrease and delay circuit 110 applies a time deday fo
pravent g sudden decrease in the brightness level from being generated by the
backigh! device. Accordingly, the brightniess level decreases from the value set
at the previous level at ime T3 to & lower value at ime T4, Again, ke the
gradual increase in the brighiness level of backlight device 112 described above,
the gradual decreass in the brightness level helps prevent sudden changes in
brightness level in response fo sudden changes in ambient light.  As such,
sudden changss in ambient fight are converled info gradual changes in
brightness level thereby providing & more satisfying user experisnce.

[R02T] ARter time T4, for Bustrative purposes, it will be assumed that there s ne
further change in ambient Hght level as depicted by 412, Accordingly, ALS cirouit
108 does not generale any change in brightness level as depicted by 512
Although the operation of the system was described in the context of a sequence
comprising first an increase and then a decrease in ambient light, i should be
understood that in some embodiments, the system is capable of processing
changes in ambient ight in any segquence and over any fime pericd.

0028 Some  embodiments ©of the present application can sxhibit various
advantages. For exampie, the time delay can be implementad in hardware
(slectical delay circull) and not in software {(compuler program insfructions).
Accordingly, compuling resources, such as processor processing fime anad
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mMemory space, can be allccated or assigned {0 more efficient use. Furithermors,
the time delay and the brightness range can be fixed and non-user configurable
which may reduce the need for user inpul. The reduction in user Input may help
decrease the possibility of errensous brightness seling by the user, which may
improve the accuracy of the brighiness level. Morsover, power consumplion may
be reduced because the brightness level s automatically adiusted without user
intervention. Because of the fixed natre of the ime delay, it may no longsr be
necessary o aliocate computer resources for developing or providing a graphical
user interface for allowing a wser to adiust the brightness level or select g
brighiness range. This may help reduce computing resources thereby helping
decrease manufactring costs.

[0028] in some embodiments, the fixed tme delay of, for example, about 30
seconds may be advantageous. In one embodiment, this time delay s about 5
second tme-constant in the confext of a resistor capacitor arrangement. Inone
amboediment, this ime delay may make the change in the iofal brightness gradusl
anough o not be noticeable o the user. Moreover, this fime delay may help
reduce the occurrence of minor interruptions in light fo the sensor {e.g., a usey
madvertently pressing a function key close to the sensor} which woudd otherwise
cause an unintentional vet very noticeable change in the brighiness level of the
display device.

{B038] As explained above, in some embodiments, disposing ALS circuit 108 in
the display member and adiacent lighted display device108 instead of the base
member may provide various advantages. For example, ALS cirouit 108 is
disposed in close proximity o the display device which may require less wiving for
glectrically connecting the ALS circudt to the backiight device, thereby helping
reduce manufacturing cost.

00311 The above discussion is meant fo be Hustative of the principles and
various embodimenis of the present invention. Numerous varations and
modifications will become apparent {0 those skifled in the ant once the above
disclosure is fudly appreciated. For example although the Hiustrative embodimends
of the present disclosure are shown and descrbed within the context of g laptop

computer, other types of computer systems are also equally well sulted for use
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with ALS circust 108, it is intended that the following claims be interprefed o
embrace alt such variations and modifications.
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CLAIMS
What is clalmed is
1. A lighted display device comprising:

a display device;

a backlight device disposed proximate the display device and configured
to emit ight directed to at least a portion of the display device,

an ambient Yight sensor configured o generate a signal to adiust 8
brighiness level of the light from the backlight device based on a change in inp
ambient ight; and

an electrical delay circuit configurad o apply a fixed, non-user configurabie
time delay o delay the adjustment of the brighiness level of the ight from the

backlight device.

2. The lighted dispiay device of claim 1, further comprisinig a display member
goupled 1o a base member, the base member sized o house a processor {0
control the video information on the display device, and the display member sized
o house the display device, the backiight device, the ambient light sensor, and
the slectrical delay circuit,

3. The lighted display device of claim 1, further comprising a display member
sized o house the display device, the backlight device, the ambient light sensor,

and the slectrical delay cirouit.

4. The Hghted display device of claim 1, wherein the electrical delay circuit
generates a signai {o delay adjustment of the brightness level having 3 mie of
changs thatl is lees than arale of change of the nput ambient light.

5 The lighted display device of claim 1, wherein a decrease in ambient light

causes a decrease in the brightness level
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-t
ich)

&. The fighted display device of claim 1, wherein g decrease in amblent ght
causes a decreass in the brighiness level
7. The lighted display device of claim 1, wherein the brighiness level has a

value from a fixed, non-user configurabie brightness range.

8. The lighted display device of claim 1, wherein the lighled display device
comprises a transfiective display system or a ansmissive display system.

g. The lighted display device of claim 1, whergin the slechical delay clrouit

comprises a resistor and capacifor arranged o provide a tine constant.

10, Acomputing device comprising:

a display member sized {o house:

a dispiay device,

a backiight device dispused proximate the display device and
configured o emit light dirscled 1o at least a portion of the display device,

an ambient light sensar configured o generate a signal to adjust a
brightness level of the light from the backlight device based on a change in
input ambient light, and

an electrical delay clireull configursd to apply a fixed, non-user
configurabie time delay 1o delay the adiustment of the brightness levetl of
the light from the backiight device; and
a base member coupled o the display member, the base member sized to
house a processor configurad {0 control the visua! display of the display
device.

11. The computing device of claim 10, wherein the slectrical delay ciroult
gensrates a signal {o delay adjustment of the brighiness level having a rate of
change that i fess than arale of change of the input ambient #ght
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12, The computing device of claim 10, wherein an increase in ambient light

causes an increase inthe brightness level

13. The compuiing device of claim 10, wherein a decrease in ambisnt jight

causes a decrease in the brighiness level,

4. The computing device of claim 10, wherein the brighiness level has a
value from a fixed, non-user configurable brighiness rangs.

15 The compuling device of claim 10, wherein the lighted display device
comprises a fransflective display system or a fransmissive display system.

16, A method comprising:

gmitiing, by a backlight device disposed provimate a display ight,
ight directed to at least a portion of the display devics;

generating, by an ambient lght sensor, a signal o adiust a
brighiness level of the light from the backiight device based on a change in
input ambient light; and

appiving, by an eleclrical delay circuit, & fixed, non-user
configurable ime delay to delay the adjusiment of the brightness level of
the light from the backlight device:

17. The method of claim 18, wherein the electiicsal delay circuit generates a
signatl {o delay adjustment of the brighiness level having & rate of change that is

less than a rate of change of the input ambient light.

18, The method of claim 16, wherein an increase in ambient fight causes an

increase in the brightness level

18, The method of claim 18, whergin a decrease in ambient light causes a

decrease in the brightness level,
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20, The method of claim 16, wherein the brighiness level has a value from a

P

fixed, non-user configurable brighiness range.
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