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(7) ABSTRACT

Aspects of the subject technology relate to control circuitry
for light-emitting diodes (LEDs). The control circuitry may
include an LED timing controller integrated circuit config-
ured to operate groups of rows of the LEDs with a common
randomized row order that mitigates acoustic noise. The
LEDs may be implemented in a backlight of a liquid crystal
display and the common randomized row order that miti-
gates acoustic noise may be generated and/or executed to
synchronize the LED operation with the operation of the
pixels of the liquid crystal display.

401
Columns
5 B 406
W 402 A
T, 4
= : 404
> 404
; ff.f. ,raa:«mmw/w?///ww////wmwmmm mﬁ%:ﬁﬁ'ﬁﬂ’/ﬂwf//ﬁwﬁm%
B e
; :
* *
L 3 L J
* *
. .~
N 3 ;5 ~—TH % ) 2404
. .\
. . 406

. i
*
L ]

L H H o)k

@ 1)*k2

AR

..




Patent Application Publication Mar. 19,2020 Sheet 1 of 17 US 2020/0090600 A1

‘\«100
110
106
104
FIG. 1
204
b it p gy
| LIQUID CRYSTAL DISPLAY UNIT |
< 111 I Y
Iy (| BACKLIGHT UNIT | | |
206 206

202
FIG. 2



US 2020/0090600 A1

Mar. 19,2020 Sheet 2 of 17

Patent Application Publication

£ DIA
20¢ 10€
{ \
(443
01¢ dMd
: \ agyinant '\ Qe
SYAATA [,
T04INOT| 10018 [©7 S L #SOID LSOH
LINTIIND vivad
Ta ) NOOdg
TOALNOD| o90¢
< SYIANA T AINT . L
TOIYLNOD| MOYUTH (<~ > SOVIAAdd
1dS JHILITANOD
MOY [ AMd INdNI 1s00d 14
Qm%\mﬁmé
aivod 19 TN
4/oom




Patent Application Publication Mar. 19,2020 Sheet 3 of 17 US 2020/0090600 A1

o O
<
< < S

406
g
3

'/' 401
MWW/,/
k406
k406

<N QU OERRAC RNy

g s
:\ :;r
L
\ 2 4 ‘§‘_‘ ~ ,:
e§+ + o £
=N g
m-1 ; e
m-2
v
m .
g g » : ¥ 9
| ] 3 ¥ 3
‘E < . & * L
@]
@)
3
2 PPN
l°




Patent Application Publication Mar. 19,2020 Sheet 4 of 17 US 2020/0090600 A1

406
501

(@)
i
o
| N T
2 \§ Q¥§
N B we &§ see g
L N i
§\\‘ E NN 4
.
M
.
T}
. 3 ™~ » . )
. M : . .
s * * . & . 9
L

400

310

310

501

501

5007 °

308




Patent Application Publication Mar. 19,2020 Sheet 5 of 17 US 2020/0090600 A1

308

sus
.
L]
»
0
& L 3 E 3 & * & g
s s i s : O
Ll
™ o
Q (@)
NaEe)
o o - \@ e \
o —
<t @ TN LT X o
\\\\\\\\\\\ g
o)
o
WO

310

308




Patent Application Publication Mar. 19,2020 Sheet 6 of 17 US 2020/0090600 A1

o
)]
N~
N
T
r t b
I 1 )
™~
O
Ll
'Y
o
'YL o
N~
N




Patent Application Publication Mar. 19,2020 Sheet 7 of 17 US 2020/0090600 A1

(@)
Lo |
(99
* @ e s ® . * *
* ® 2 2 @ [ ] 2 & L
. = e ® » P s s »
E
»
M
o0
N . = )
. % « s @ * « .
* % » L & & » ¥ - -
*® ® ¥ 5§ o« & » i B -
: o
u. H
™
»
L )
*




Patent Application Publication Mar. 19,2020 Sheet 8 of 17 US 2020/0090600 A1

o o~ o
o o )
(@)} ()} ()}
v A 2
o
o
m-\
B W e
i o] R
=

FIG. 9

Row k



US 2020/0090600 A1

Mar. 19,2020 Sheet 9 of 17

Patent Application Publication

OT "Sld

< i i
: o
; w\m@j ;
, ) s
o %\\\AN.. m\\\_mm

s,
g\\sﬁé\\\v "

1210174 ueos 149 swel] D1



Patent Application Publication  Mar. 19,2020 Sheet 10 of 17  US 2020/0090600 A1

BL Scan

FIG. 11

LCD Frame




Patent Application Publication  Mar. 19,2020 Sheet 11 of 17  US 2020/0090600 A1

¥R E
%

FIG. 12

BL Rows
BL Row Order

g
Q
(/2]
a
Q
—



US 2020/0090600 A1

Mar. 19,2020 Sheet 12 of 17

Patent Application Publication

OQULLLY s5overmecsrcesigconcenecy

5 Pp
B T

ESIPRRNES i

7 e

...mi:..\i\:..”m

B

€T 'Ol

owreld (D1




US 2020/0090600 A1

Mar. 19,2020 Sheet 13 of 17

Patent Application Publication

7

ST Oid

(zHY) Aduanbarg

7
Z

s S s . S i Y
- ==~ === @ @@ @

\\\ &\\\&\ \\\\ \\\\ \\ _ \\\ \\\ . \\\ “\.‘\

I0pIO MOY PaZIuopuey

(gp) spryruSe

0s

T "Sld

oot1i

(zH) Aouonbaiyg
oy 0t 0c 01 0
— " 001-
- OWI
. O@I
. O.VI
R ONI
> [ ks
0
I9pI0 MOY PIXI]

(gp) spmyrugdeN



US 2020/0090600 A1

Mar. 19,2020 Sheet 14 of 17

Patent Application Publication

91 'Ol

009T

c091
7091




US 2020/0090600 A1

Mar. 19,2020 Sheet 15 of 17

Patent Application Publication

LT 'Ol

N/ VTLT

CTLT AN/

JINVYHH AYTdSIA V 40 NOILYOd LNINDISINS V¥ AV1dSIA OL LINN AVTdSIA TVLSAHD AINDIT IHL 40 AVHYY
13XId ¥ 40 NOILHOd ININDIASENS V ‘SHIAHO MOY 40 ALITvHN1d d3I411N3IAI IHL 40 INO ¥IHLO d3ILdI13S
IHL ONISN S3A0IA ONILLIWI-1HOIT 40 SMOY 40 dNOYO HIVI 40 SMOY FHL ONILYHIO FTIHM ‘ILVHIdO

OTLT A/

SHIAYUO MOY 40 ALITvdNTd Ad3141LN3Al IHL 40 INO H3IH10 a31d313s
3H1 DNISN S3A0IA DNILLIWI-1HDIT 40 SMOY 40 dNOYD HOVI 40 SMOY FHL ATLNIHHNINOD ‘I1vHIH0

T

80LT A\

SHIAYO MOY 40 ALNYYENTd A3IFILNIAl FHL 40 INO HIHLONY 133135 KTWOANVY-0aN3Sd

|

90LT N/

JNVYHH AV1dSIA ¥ 40 NOILHOd V¥ AY1dSId OL LINN AV1dSIA TYLSAHD AINDN
JHL 40 AVYHYY T3XId V 40 NOILYOd 1SHI4 V ‘SHIAYO MOY 40 ALITYHN1d A3141LN3A) IHL 40 ANO d31d313S
IHL ONISN S3A0IA ONILLIWI-LHSIT 40 SMOY 40 dNOYD HOVI 40 SMOY JHL ONILYYIdO ITIHM ‘ILVHIdO

A

9TLT A,

Y0LT N/

SYIAUO MOY 40 ALIMVYENTd A314dILNIAl IHL 40 INO d3Ld313S
3HL DNISN S3A0IA ONILLIWI-1HDI1 40 SMOY 40 dNOYD HOVI 40 SMOY FHL ATLNIHHNINOD ‘I1vHIdO

)

NngS

SHIAYO MOY 40 ALIMVHENTd A3I41LN3IAl FHL 40 INO 12313S ATIWOANVYY-0aN3Sd

P

T

00,1\

AV1dSIQ FHL 40 LINN AV1dSIQ TYLSAHD dINDIT ¥ 40 NOILVHIdO HLIM SMOY JHL 40 NOILYY3IdO
IHL IZINOYHONAS OL QIONVHYY ¥IAYO MOY HIV3 ‘SMOY 40 dNOY¥D FHL 40 SMOY FHL 40 NOILVHIdO
HO4 SY3IAYO0 MOY 40 ALITYHNTd V “IDIAIA DINOY1LDITI NV 40 AV1dSIA V 40 LHOITIOVE V NI S3a0oid
ONILLIWI-1HDIT 40 AVHYHY NV NI S3A0IA ONILLIWI-LHOIT 40 SMOY 40 SdNOHD I1dILTNW HOL ‘AdILNIA|




US 2020/0090600 A1

Mar. 19,2020 Sheet 16 of 17

Patent Application Publication

8T 'OI

A /v18T

CI8T A/

JWVY4 AV1dSIA 3HL 40 NOILYOd ININDISANS ¥ Av1dSId
OL 1INN @21 IHL 40 AvHYY 13XId IHL 40 NOILHOd ININDIASENS V ‘I1vH NVIS LHDIDIOVE aJ4ILN3Al IHL
1v 43040 MOH WOANVYY-0AdN3Sd 43H1O0 FHL ONISN SdNOYD TVNOILLIAAY JHOW HO INO FHL 40 SMOH
JHL ANV S3d0IA SNILLINI-LHOI1 40 SMOY 40 dNOYD IHL 40 SMOY IHL ONILYHIJO ITIHM ‘I1vHIdO

%

0T8T/

41vd NVIS LHOITIOVE d31d1LN3IAl FHL 1Y 43dH0 MOY IWOANVYH-0dN3Sd
Y3IHIO FHL ONISN ATLNIHUNONOD S3A0IA DNILLIWI-1LHDIT 40 SMOY JHL 40 SdNOYD TYNOLLIAAV JHOW
40 INO JHL 40 SMOY FHL ANV S3A0IA ONILLIWI-1LHOIT 40 SMOY 40 dNCYD JHL 40 SMOY IHL 31vHdIdO

\ﬁ

808T-N\/

SMOY
10 dNOYS FHL 40 SMOY FHL 40 NOILVHIdO HOd HIAUO MOY WOANVH-0AN3ISd HIHLIONV AdILN3AI

A

908T- A/

JANVYd AV1dSIA ¥V 40 NOILHOd
V Av1dSId OL LINN @27 IHL 40 AVHYY 13XId V¥ 40 NOILHOd 1SHId ¥ ‘I1vH NvDS LHOIMMJvE d341LN3adal
JHL 1V 43040 MOd WOAONVH-0OaN3Sd IHL DNISN SdNOY D TYNOILIAAV FHOWW O INO FHL 40 SMOY
JH1 ANV S3A0Id DNILLIWI-1HDI1 40 SMOY 40 dNOYD FHL 40 SMOY IHL ONILVHIdO FTHM T1vHIdO

0 98T\ /

08T/

31vd NVIS LHDITMIVE a3F41LNIAl FHL 1V 43040 MOY WOANVH-OdN3sd
JHL ONISN AILNIHYNONOD S3A0IA ONILLIWI-LHOIT 40 SMOY 3JHL 40 SdNOY9 TVNOILIAdv JHON
40 INO 40 SMOY IHL ANV S3A0Id ONILLINI-1HOIT 40 SMOY 40 dNOYD IHL 40 SMOY IHL 31vd3dO

T

Z08TAN\/

SMOY 40 dNOY¥O IHL 40 SMOY IHL 40 NOILYHIdO Y04 ¥3A¥0 MOY WOANVY-0dN3sd V¥ ‘s3aoid
ONILLIWI-LHDIT 40 AVHYY JHL NI SIA0IA ONILLIWI-1HDIT IHL 40 SMOHY 40 dNOYO v HO4 ‘AdILNIAI

1

0081 ‘U

AY1dSIA IHL H0 LINN AV1dSIAa TYLSAHD AINDIT V 404 31vH NVIS D1 NV 40 F1dILTNIN HIDILNI NV
ONI3E 31¥Y NVIS LHOIDIDYE FHL LTHOIMIIVE FHL 40 S3A0IA ONILLINI-IHOIT 40 AVHYY NV 31vH3d0 OL
HJIHM LV 31wy NVIS LHOITIOVE V ‘ID1IA3d DINOYLD3I13 NV 40 AV1dSIA ¥V 40 LHOIMYNIVE v HO4 ‘AdILNIAl




Patent Application Publication  Mar. 19,2020 Sheet 17 of 17  US 2020/0090600 A1

406
S

* 406

_ 406

406
S/
time

FIG. 19

1002 1300

space s



US 2020/0090600 A1

BACKLIGHT NOISE REDUCTION SYSTEMS
AND METHODS FOR ELECTRONIC DEVICE
DISPLAYS

RELATED APPLICATIONS

[0001] This application claims the benefit of priority of
U.S. Provisional Application No. 62/733,032 filed Sep. 18,
2018 which is incorporated herein by reference.

TECHNICAL FIELD

[0002] The present description relates generally to elec-
tronic devices with displays, and more particularly, but not
exclusively, to backlight noise reduction systems and meth-
ods for electronic device displays.

BACKGROUND

[0003] Electronic devices such as computers, media play-
ers, cellular telephones, set-top boxes, and other electronic
equipment are often provided with displays for displaying
visual information. Displays such as organic light-emitting
diode (OLED) displays and liquid crystal displays (LCDs)
typically include an array of display pixels arranged in pixel
rows and pixel columns. Liquid crystal displays commonly
include a backlight unit and a liquid crystal display unit with
individually controllable liquid crystal display pixels.
[0004] The backlight unit commonly includes one or more
light-emitting diodes (LEDs) that generate light that exits
the backlight toward the liquid crystal display unit. The
liquid crystal display pixels are individually operable to
control passage of light from the backlight unit through that
pixel to display content such as text, images, video, or other
content on the display.

SUMMARY OF THE DESCRIPTION

[0005] In accordance with various aspects of the subject
disclosure, an electronic device is provided that includes a
display with a liquid crystal display unit and a backlight unit,
the backlight unit including an array of light-emitting diodes
arranged in rows and columns, the rows arranged in groups
of adjacent rows. The electronic device also includes control
circuitry configured to identify a plurality of row orders for
operation of the rows of each group of adjacent rows, where
each row order synchronizes the operation of the rows of the
array with operation of the liquid crystal display unit. The
control circuitry is also configured to pseudo-randomly
select one of the identified plurality of row orders, and
operate, concurrently, the rows of each group using the
selected one of the identified plurality of row orders.
[0006] In accordance with other aspects of the subject
disclosure, an electronic device is provided that includes a
display with a liquid crystal display unit and a backlight unit,
the backlight unit including an array of light-emitting diodes
arranged in rows and columns, the rows arranged in groups
of adjacent rows. The electronic device also includes control
circuitry configured to identify a backlight scan rate at which
to operate the array of light-emitting diodes, the backlight
scan rate being an integer multiple of an LCD scan rate for
the liquid crystal display unit. The control circuitry is also
configured to identify a pseudo-random row order for opera-
tion of the rows of each of the groups of adjacent rows, and
operate, concurrently, the rows of each group using the
pseudo-random row order at the identified backlight scan
rate.
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[0007] In accordance with other aspects of the subject
disclosure, a method is provided that includes identifying,
for multiple groups of adjacent rows of light-emitting diodes
in an array of light-emitting diodes in a backlight of a
display of an electronic device, a plurality of row orders for
operation of the rows of each group of adjacent rows. Each
row order synchronizes the operation of the rows of the array
with operation of a liquid crystal display unit of the display.
The method also includes pseudo-randomly selecting one of
the identified plurality of row orders. The method also
includes operating, concurrently, the rows of each group
using the selected one of the identified plurality of row
orders.

BRIEF DESCRIPTION OF THE DRAWINGS

[0008] Certain features of the subject technology are set
forth in the appended claims. However, for purpose of
explanation, several embodiments of the subject technology
are set forth in the following figures.

[0009] FIG. 1 illustrates a perspective view of an example
electronic device having a display in accordance with vari-
ous aspects of the subject technology.

[0010] FIG. 2 illustrates a block diagram of a side view of
an electronic device display having a backlight unit in
accordance with various aspects of the subject technology.
[0011] FIG. 3 illustrates a schematic diagram of light-
emitting diode (LED) control circuitry in accordance with
various aspects of the subject technology.

[0012] FIG. 4 illustrates a group-based operation of rows
of LEDs of a display backlight in accordance with various
aspects of the subject technology.

[0013] FIG. 5 illustrates an exemplary implementation of
row driver electrical routing for group-based operation of
rows of LEDs of a display backlight in accordance with
various aspects of the subject technology.

[0014] FIG. 6 illustrates an exemplary implementation of
column driver electrical routing for group-based operation
of rows of LEDs of a display backlight in accordance with
various aspects of the subject technology.

[0015] FIG. 7illustrates a column-intermixed group-based
operation of rows of LEDs of a display backlight in accor-
dance with various aspects of the subject technology.
[0016] FIG. 8 illustrates an exemplary implementation of
column driver electrical routing for column-intermixed
group-based operation of rows of LEDs of a display back-
light in accordance with various aspects of the subject
technology.

[0017] FIG. 9 illustrates a timing diagram for operation of
rows of LEDs of a display backlight in accordance with
various aspects of the subject technology.

[0018] FIG. 10 illustrates an LCD synchronization error
that can occur during operation of rows of LEDs of a display
backlight in accordance with various aspects of the subject
technology.

[0019] FIG. 11 illustrates an LCD synchronized operation
of rows of LEDs of a display backlight based on a minimum
backlight scan rate in accordance with various aspects of the
subject technology.

[0020] FIG. 12 shows a table illustrating row-reordering
operations for LCD synchronized operation of rows of LEDs
of a display backlight in accordance with various aspects of
the subject technology.
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[0021] FIG. 13 illustrates an LCD synchronized operation
of rows of LEDs of a display backlight based on row-
reordering operations in accordance with various aspects of
the subject technology.

[0022] FIG. 14 shows a graph of acoustic noise that may
be produced at various frequencies by an array of LEDs
operating with a fixed row order.

[0023] FIG. 15 shows a graph of reduced and spread
acoustic noise that may be produced at various frequencies
by an array of LEDs operating with a randomized row order
in accordance with various aspects of the subject technology.
[0024] FIG. 16 shows a table illustrating candidate row
orders and selected row orders operating a group of rows of
LEDs in accordance with various aspects of the subject
technology.

[0025] FIG. 17 is an example flow chart of illustrative
operations that may be performed for an LCD-synchronized,
randomized operation of rows of LEDs of a display back-
light in accordance with various aspects of the subject
technology.

[0026] FIG. 18 is another example flow chart of illustra-
tive operations that may be performed for an LCD-synchro-
nized, randomized operation of rows of LEDs of a display
backlight in accordance with various aspects of the subject
technology.

[0027] FIG. 19 illustrates LCD-synchronized, randomized
operation of rows of LEDs of a display backlight in accor-
dance with various aspects of the subject technology.

DETAILED DESCRIPTION

[0028] The detailed description set forth below is intended
as a description of various configurations of the subject
technology and is not intended to represent the only con-
figurations in which the subject technology may be prac-
ticed. The appended drawings are incorporated herein and
constitute a part of the detailed description. The detailed
description includes specific details for the purpose of
providing a thorough understanding of the subject technol-
ogy. However, it will be clear and apparent to those skilled
in the art that the subject technology is not limited to the
specific details set forth herein and may be practiced without
these specific details. In some instances, well-known struc-
tures and components are shown in block diagram form in
order to avoid obscuring the concepts of the subject tech-
nology.

[0029] The subject disclosure provides electronic devices
such as cellular telephones, media players, tablet computers,
laptop computers, set-top boxes, smart watches, wireless
access points, and other electronic equipment that include
light-emitting diode arrays such as in backlight units of
displays. Displays are used to present visual information and
status data and/or may be used to gather user input data. A
display includes an array of display pixels. Each display
pixel may include one or more colored subpixels for dis-
playing color images.

[0030] Each display pixel may include a layer of liquid
crystals disposed between a pair of electrodes operable to
control the orientation of the liquid crystals. Controlling the
orientation of the liquid crystals controls the polarization of
backlight from a backlight unit of the display. This polar-
ization control, in combination with polarizers on opposing
sides of the liquid crystal layer, allows light passing into the
pixel to be manipulated to selectively block the light or
allow the light to pass through the pixel.
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[0031] The backlight unit includes one or more light-
emitting diodes (LEDs) such as one or more strings and/or
arrays of light-emitting diodes that generate the backlight for
the display. In various configurations, strings of light-emit-
ting diodes may be arranged along one or more edges of a
light guide plate that distributes backlight generated by the
strings to the LCD unit, or may be arranged to form a
two-dimensional array of LEDs.

[0032] Although examples discussed herein describe
LEDs included in display backlights, it should be appreci-
ated that the LED control circuitry and methods described
herein can be applied to LEDs implemented in other devices
or portions of a device (e.g., in a backlit keyboard or a flash
device).

[0033] Backlight (BL) control circuitry for the backlight
unit includes backlight row drivers and backlight column
drivers that control one or more light-emitting diodes
(LEDs) such as an array of LEDs arranged in LED rows and
LED columns. In some operational scenarios, during opera-
tion of the rows of LEDs, some electronic components of the
backlight may be operated at frequencies that are audible to
the human ear (e.g., frequencies below 20 kHz).

[0034] In accordance with various aspects of the subject
disclosure, the order of operation of the rows of LEDs is
randomized (e.g., pseudo-randomized) to mitigate acoustic
noise by reducing the magnitude and spreading the frequen-
cies of the noise generated by the backlight. The randomized
row operations may be performed such that the row opera-
tions are synchronized with the operation of the LCD unit of
the display.

[0035] An illustrative electronic device having light-emit-
ting diodes is shown in FIG. 1. In the example of FIG. 1,
device 100 has been implemented using a housing that is
sufficiently small to be portable and carried by a user (e.g.,
device 100 of FIG. 1 may be a handheld electronic device
such as a tablet computer or a cellular telephone). As shown
in FIG. 1, device 100 may include a display such as display
110 mounted on the front of housing 106. Display 110 may
be substantially filled with active display pixels or may have
an active portion and an inactive portion. Display 110 may
have openings (e.g., openings in the inactive or active
portions of display 110) such as an opening to accommodate
button 104 and/or other openings such as an opening to
accommodate a speaker, a light source, or a camera.
[0036] Display 110 may be a touch screen that incorpo-
rates capacitive touch electrodes or other touch sensor
components or may be a display that is not touch-sensitive.
Display 110 may include display pixels formed from light-
emitting diodes (LEDs), organic light-emitting diodes
(OLED:s), plasma cells, electrophoretic display elements,
electrowetting display elements, liquid crystal display
(LCD) components, or other suitable display pixel struc-
tures. Arrangements in which display 110 is formed using
LCD pixels and LED backlights are sometimes described
herein as an example. This is, however, merely illustrative.
In various implementations, any suitable type of display
technology may be used in forming display 110 if desired.
[0037] Housing 106, which may sometimes be referred to
as a case, may be formed of plastic, glass, ceramics, fiber
composites, metal (e.g., stainless steel, aluminum, etc.),
other suitable materials, or a combination of any two or
more of these materials.

[0038] The configuration of electronic device 100 of FIG.
1 is merely illustrative. In other implementations, electronic
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device 100 may be a computer such as a computer that is
integrated into a display such as a computer monitor, a
laptop computer, a somewhat smaller portable device such
as a wrist-watch device, a pendant device, or other wearable
or miniature device, a media player, a gaming device, a
navigation device, a computer monitor, a television, or other
electronic equipment.

[0039] For example, in some implementations, housing
106 may be formed using a unibody configuration in which
some or all of housing 106 is machined or molded as a single
structure or may be formed using multiple structures (e.g.,
an internal frame structure, one or more structures that form
exterior housing surfaces, etc.). Although housing 106 of
FIG. 1 is shown as a single structure, housing 106 may have
multiple parts. For example, housing 106 may have upper
portion and lower portion coupled to the upper portion using
a hinge that allows the upper portion to rotate about a
rotational axis relative to the lower portion. A keyboard such
as a QWERTY keyboard and a touch pad may be mounted
in the lower housing portion, in some implementations. An
LED backlight array may also be provided for the keyboard
and/or other illuminated portions of device 100.

[0040] In some implementations, electronic device 100
may be provided in the form of a computer integrated into
a computer monitor. Display 110 may be mounted on a front
surface of housing 106 and a stand may be provided to
support housing (e.g., on a desktop).

[0041] FIG. 2 is a schematic diagram of display 110 in
which the display is provided with a liquid crystal display
unit 204 and a backlight unit 202. As shown in FIG. 2,
backlight unit 202 generates backlight 208 and emits back-
light 208 in the direction of liquid crystal display unit 204.
Liquid crystal display unit 204 selectively allows some or all
of the backlight 208 to pass through the liquid crystal display
pixels therein to generate display light 210 visible to a user.
Backlight unit 202 includes one or more subsections 206.
[0042] In some implementations, subsections 206 may be
elongated subsections that extend horizontally or vertically
across some or all of display 110 (e.g., in an edge-lit
configuration for backlight unit 202). In other implementa-
tions, subsections 206 may be square or other rectilinear
subsections (e.g., subarrays of a two-dimensional LED array
backlight or a two-dimensional array of LED strings).
Accordingly, subsections 206 may be defined by one or
more strings and/or arrays of LEDs disposed in that sub-
section. Subsections 206 may define operable zones of BLU
202 that can be controlled individually for local dimming of
backlight 208.

[0043] Although backlight unit 202 is shown implemented
with a liquid crystal display unit, it should be appreciated
that a backlight unit such as backlight unit 202 may be
implemented in a backlit keyboard, or to illuminate a flash
device or otherwise provide illumination for an electronic
device.

[0044] FIG. 3 shows a schematic diagram of exemplary
circuitry for electronic device 100 including host circuitry
and LED circuitry such as backlight circuitry for display
110. For example, device circuitry 300 of FIG. 3 may
include a backlight board 302 that can be implemented in
backlight unit 202 or other LED lighting devices.

[0045] In the example of FIG. 3, device circuitry 300
includes a main logic board (MLB) 301 having host circuitry
304 and includes backlight control circuitry that includes
backlight controller (BCON) integrated circuit 314, back-
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light row driver integrated circuits 308, backlight column
driver integrated circuits 310, and backlight LEDs 312. As
shown, LEDs 312 are operated by BL row driver ICs 308
and BL column driver ICs 310 based on commands/signals
from backlight controller IC 314. In this example, backlight
controller IC 314, backlight row driver IC 308, backlight
column driver IC 310, and backlight LEDs 312 are imple-
mented on a common backlight board 302. The backlight
controller 314, backlight row drivers 308, and backlight
column drivers 310 can communicate via a communication
protocol (e.g., synchronous serial communication (SPI)).
The backlight row drivers 308 and backlight column drivers
310 can send interrupt signals to the backlight controller 314
for specific interrupt conditions. Backlight controller IC 314
receives control signals from host circuitry 304.

[0046] In the example of FIG. 3, a power supply for
backlight unit 202 is provided on MLB 301. In this example,
the power supply for backlight unit 202 is implemented as
a boost converter 306 mounted on the same MLB as host
circuitry 304. However, it should be appreciated that the
power supply for backlight unit 202 may be implemented as
any DC/DC converter. The boost converter 306 provides
input power to the backlight controller 314 and also provides
input/LED power to the backlight row drivers 308 and
backlight column drivers 310. The arrangement shown in
FIG. 3, in which LEDs 312 are operated by BL row driver
1Cs 308 and BL column driver ICs 310 based on commands
from backlight controller IC 314, provides various advan-
tages over conventional backlight arrangements including
that a single high-speed link is provided between host
circuitry 304 and the backlight control circuitry, analog and
digital chips are separated and implemented in different
processing nodes, frame memory for the backlight LEDs
312 is provided in a single chip (e.g., BCON 314) for
self-refresh of the backlight unit, data transfer bandwidth
usage is reduced via dedicated data links for each of BL row
driver ICs 308 and BL column driver ICs 310 from BCON
314, and board-level routing for backlight board 302 is
improved.

[0047] Host circuitry 304 may include one or more dif-
ferent types of storage such as hard disk drive storage,
nonvolatile memory (e.g., flash memory or other electri-
cally-programmable-read-only memory), volatile memory
(e.g., static or dynamic random-access-memory), magnetic
or optical storage, permanent or removable storage and/or
other non-transitory storage media configure to store static
data, dynamic data, and/or computer readable instructions
for processing circuitry in host circuitry 304. Processing
circuitry in host circuitry 304 may be used in controlling the
operation of device 100. Processing circuitry in host cir-
cuitry 304 may sometimes be referred to herein as system
circuitry or a system-on-chip (SOC) for device 100.
[0048] The processing circuitry may be based on a pro-
cessor such as a microprocessor and other suitable integrated
circuits, multi-core processors, one or more application
specific integrated circuits (ASICs) or field programmable
gate arrays (FPGAs) that execute sequences of instructions
or code, as examples. In one suitable arrangement, host
circuitry 304 may be used to run software for device 100,
such as internet browsing applications, email applications,
media playback applications, operating system functions,
etc.

[0049] As shown in FIG. 3, backlight timing controller
integrated circuit 314 on the backlight substrate 302 receives
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backlight data from host circuitry 304 for the electronic
device via a high speed link. Backlight row driver integrated
circuits 308 on the backlight substrate 302 connect a high
voltage power rail to the LEDs 312 via a plurality of
high-side switches. Backlight column driver integrated cir-
cuits 310 are operable by BCONIC 314 to adjust the amount
of current through each LED or string of LEDs 312 and
provide individual PWM dimming for each LED or string of
LEDs 312. The host circuitry 304 and backlight timing
controller integrated circuit 314 can communicate via mul-
tiple high speed data links (e.g., 2).

[0050] In one suitable example, rows of LEDs 312 are
operated in groups by row driver ICs 308 and column driver
1Cs 310. The grouping or segmentation of the array of LEDs
312 can increase the duty cycle and reduce peak currents for
operation of the LED array.

[0051] FIG. 4 illustrates how groups 406 of rows 404 of
LEDs 400 (e.g., each representing one or more of LEDs 312
of FIG. 3) can be operated in a group-based row operation.
In the example of FIG. 4, LED array 401 includes LEDs 400
arranged in rows 404 and columns 402. LEDs 400 may be
individual LEDs 312 or may be strings of series-coupled
LEDs (e.g., with four or more individual LEDs coupled in
series to a current controller of one of column driver ICs
310). As indicated, rows 404 may be operated in groups 406
such that one or more rows 404 in each group 406 is
operated at the same time as the corresponding row(s) in the
other groups 406. As indicated in the figure, array 401 may
include a number m columns, a number n groups 406 each
having a number k rows, and a total of n*k rows. As
indicated in the figure, the first row in each group 406 is
operated at the same time, the second row in each group 406
is operated at the same time, and so on until the k-th row in
each group is operated at the same time, although the first,
second, third, etc. rows in each group may be operated
non-sequentially and/or pseudo-randomly to mitigate acous-
tic noise generated by the backlight.

[0052] An exemplary layout of traces for coupling the first
row 404 of each group 406 to a common high-side switch in
a row driver IC 308 is shown in FIG. 5. In the example of
FIG. 5, the first row 404 in all groups 406 is shorted together
by traces 500 and coupled to a common high-side switch 501
in row driver IC 308. Each row driver IC 308 may include
a number of high-side switches equal to or greater than the
number of rows in groups 406. In the example of FIG. 5, two
row driver ICs 308, one on each side of array 401, are
provided to drive array 401 from both sides. However, it
should be appreciated that single-side driving of array 401
with a single row driver IC 308 can also be provided. The
second row 404 in all groups 406 may also be shorted
together coupled to a common high-side switch 501 in row
driver IC 308, and so forth including the k-th row 404 in all
groups 406 being shorted together and coupled to a common
high-side switch 501 in row driver IC 308.

[0053] FIG. 6 illustrates an exemplary layout of column
driver traces for group-based operation of LEDs 400. In the
example of FIG. 6, each group 406 is operated by a
corresponding column driver IC 310 having a number of
channels equal to the number of columns 402. As indicated
in the figure, m traces 600 may run between each column
driver IC 310 and m column lines 602. In this example, the
LEDs 400 (or strings of LEDs) in the same column 402
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within one group 406 are shorted together by a column line
602 and connected to one channel of the corresponding CD
1C 310.

[0054] However, it should be appreciated that the column
driver layout described in connection with FIG. 6 is merely
illustrative and other arrangements are contemplated. For
example, in one suitable arrangement, a column intermixing
layout is provided in which column driver 1Cs 310 are
programmed to run as a number of smaller drivers in
parallel.

[0055] FIG. 7 illustrates how, in a column-intermixing
layout, groups (subsets) 700 of p columns, each spanning a
portion of a group 406 of rows 404, can be operated by a
common column driver integrated circuit 310. FIG. 8 illus-
trates an exemplary layout of column driver traces for a
column-intermixed group-based operation of LEDs 312/400
(see FIGS. 3 and 4). As shown in FIG. 8 a number n*p traces
800, where n is the number of groups 406 and p is the
number of columns in each subset 700, run between each
column driver IC 310 and p column lines 802 in each of n
groups 406. In this example, the LEDs 400 (or strings of
LEDs) in the same column 402 within one group 406 are
shorted together by a column line 802 and connected to one
channel of the corresponding CD IC 310.

[0056] BCON 314 (see FIG. 3) may cooperate with row
driver ICs 308 and column driver ICs 310 arranged as
described herein to operate rows 404 and columns 402 of
LEDs 312/400 (see FIGS. 3 and 4). FIG. 9 is a timing
diagram 900 illustrating a sequential operation of k rows in
each group 406. In the example of FIG. 9, signal 902 for
each row includes an on pulse 904 for that row, that
sequentially follows the previous (adjacent) row. In FIG. 9,
the time corresponding to the operation of each row (1/£,),
the time corresponding to a pulse width modulation (PWM)
cycle for the LEDs in that row (1/f,,,,), and the time
corresponding to a backlight scan (1/fz;)are indicated.
[0057] However, as indicated in FIG. 10, a sequential
operation of backlight rows 404 in each of several groups
406 that are operated concurrently, can result in a synchro-
nization error with the operation of LCD unit 204. In
particular, FIG. 10 shows the progression of an LCD scan
1002 (e.g., sequential operation of rows of LCD pixels in
LCD unit 204 over a display frame) overlaid on the back-
light row operation indicators 1004 in each of several groups
(regions) 406. Synchronized operation would appear with all
backlight row operation indicators 1004 coinciding with an
LCD scan 1002. However, as shown, if care is not taken the
LCD unit and backlight unit can be out of sync.

[0058] In accordance with various aspects of the subject
disclosure, synchronization of LCD unit 204 and backlight
unit 202 can be achieved by, for example, (i) maintaining a
scan rate of the array of LEDs 312/400 (see FIGS. 3 and 4)
above a threshold that is based on the rate of LCD scan 1002
and a number of the different groups, and/or (ii) operating
the rows within each of multiple corresponding groups in a
non-sequential order.

[0059] FIG. 11 shows an example in which the rows of
LEDs 312/400 (see FIGS. 3 and 4) in each group 406 are
operated in a sequential order, with a backlight scan rate
(e.g., I/(BL Scan) in FIG. 11) of the array of LEDs 312/400
(see FIGS. 3 and 4) is maintained above a threshold that is
based on the rate (e.g., 1/(LCD Frame in FIG. 11) of LCD
scan 1002 and a number of the different groups. In the
example of FIG. 11, the backlight scan rate is equal to n*RR,
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where n is the number of groups 406 and RR is the
maximum refresh rate of LCD unit 204. As shown, in this
arrangement, backlight row operation indicators 1004 coin-
cide with or progress in accordance with an LCD scan 1002,
even with concurrent operation of rows in different groups
406. More generally, higher backlight scan rates can be
applied. For example, for a 120 Hz LCD scan rate, and a
backlight with four groups 406 of rows 404 of LEDs
312/400 (see FIGS. 3 and 4), the backlight scan rate may be
maintained at or above 480 Hz.

[0060] As noted above, synchronization between LCD
unit 204 and backlight unit 202 (see FIG. 2) can also, or
alternatively, be achieved by operating the rows within each
of multiple corresponding groups 406 in a non-sequential
order. FIG. 12 is a table 1200 illustrative of a row ordering
for operation of backlight LED rows 404 for synchroniza-
tion with LCD scan 1002.

[0061] In the example of FIG. 12, a row of backlight
execution times 1202 (including row execution times X1,
X2 ...X8) is aligned with a row of LCD scan times 1201
and a row of backlight row numbers 1204, each correspond-
ing to a row 404 in a group 406. In this example, the first row
in each group (row 1) is executed first (e.g., illuminated
during row execution time X1), the fifth row (row 5) in each
group is executed second (e.g., illuminated during row
execution time X2), the second row (row 2) in each group
is executed third (e.g., illuminated during row execution
time X3), and so forth as indicated in the table. In can be
seen in table 1200 that the backlight row operation is
synchronized with the LCD operations in this example.
[0062] Execution of rows 404 of groups 406 as indicated
in table 1200 is illustrated in FIG. 13. As can be seen in FIG.
13, each LCD scan 1002 coincides with backlight row
operation indicators 1300 for some rows during a non-
sequential operation of the rows in each group 406. It should
be appreciated that the row ordering indicated in table 1200
is merely illustrative and other non-sequential row orders
can be executed, and more or less than eight rows per group
406 can result in different non-sequential row orderings for
LCD synchronization.

[0063] It should also be appreciated that, even with a
non-sequential row ordering as indicated in FIGS. 12 and
13, if the same non-sequential order of row operations is
repeated, acoustic noise that is audible to the user can occur.
For example, FIG. 14 shows an example of noise magni-
tudes 1400 at various frequencies that can occur when a
fixed row ordering is applied in a backlight having twelve
rows in each group 406. FIG. 15 shows, for comparison, the
noise magnitudes 1500 at various frequencies that may
occur when randomized row ordering of the rows within
each group 406, as described hereinafter, is applied. As
indicated in FIG. 15, the noise generated by the backlight is
reduced and spread evenly over a broader range of frequen-
cies, providing a white noise that is less noticeable than the
distinct frequencies indicated in FIG. 14.

[0064] FIGS. 16-19 illustrate various aspects of examples
of randomized row ordering operations that can be per-
formed that mitigate acoustic noise generated by the back-
light and preserve the synchronization of the backlight LEDs
with the pixels of the LCD unit.

[0065] For example, FIG. 16 shows a table 1600 in which
the backlight row execution times X1, X2, etc. of table 1200
are listed vertically and the backlight row numbers (1, 2, 3,
etc.) of table 1200 are listed horizontally. In table 1600,
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candidate row order indicators 1602 (each shown as an “x™)
are provided for any row-number/row-time entry which is a
candidate for execution that synchronizes the backlight row
operations with the LCD scan 1002. Using the constraint
that only one candidate 1602 in each column and each row
can be selected (e.g., because each row is only to be
executed once per one self-refresh cycle), multiple possible
row orders for operation of the rows of each group 406 can
be identified, each of which synchronizes the operation of
the rows of the backlight with the operation of LCD unit
204. In the example of FIG. 16, selected row indicators 1604
(grey-highlighted) indicate one possible row ordering that
can be applied to synchronize the operation of the rows of
the backlight with the operation of LCD unit 204.

[0066] The selected row indicators 1604 in the example of
FIG. 16 correspond to the row ordering shown and described
above in connection with FIGS. 12 and 13. However, it
should be appreciated that, if (for example) the other can-
didate 1602 in the first column of table 1600 were selected,
a different combination of other selected candidates is
possible in which all of the selected candidates still satisfy
the constraint that only one candidate 1602 in each column
and each row can be selected.

[0067] By identifying several row orders for groups 406,
each of which provides synchronization with the LCD scan,
and pseudo-randomly choosing from those identified row
orders for different backlight scans, the row ordering within
groups 406 can be randomized to mitigate acoustic noise
from the backlight. FIG. 17 is a flow chart of illustrative
operations that can be performed for randomizing the row
ordering within groups 406 by pseudo-randomly selecting
from row orders that preserve synchronization with the LCD
scan.

[0068] FIG. 17 depicts a flow chart of an example process
for randomized row operation of backlight LEDs (e.g., to
mitigate acoustic noise) in accordance with various aspects
of the subject technology. For explanatory purposes, the
example process of FIG. 17 is described herein with refer-
ence to the components of FIGS. 1, 2, and 3. Further for
explanatory purposes, the blocks of the example process of
FIG. 17 are described herein as occurring in series, or
linearly. However, multiple blocks of the example process of
FIG. 17 may occur in parallel. In addition, the blocks of the
example process of FIG. 17 need not be performed in the
order shown and/or one or more of the blocks of the example
process of FIG. 17 need not be performed.

[0069] In the depicted example flow diagram, at block
1700, control circuitry such as host circuitry 304 and/or
BCON 314 (see FIG. 3) may identify, for multiple groups
such as groups 406 of rows 404 of light-emitting diodes
314/400 in an array 401 of light-emitting diodes in a
backlight 202 (see FIG. 2) of a display 110 of an electronic
device 100 (see FIG. 1), a plurality of row orders for
operation of the rows of the group of rows, each row order
arranged to synchronize the operation of the rows with
operation of a liquid crystal display unit of the display (e.g.,
as described above in connection with FIG. 16). For
example, one of the plurality of row orders may correspond
to the row order of table 1200 of FIG. 12 using selected row
indicators 1604 of table 1600 of F1G. 16. Another of the row
orders may be generated by initially selecting a different row
execution time for row 1 and selecting other candidate row
indicators 1602 (see FIG. 16) under the constraint that only
one candidate in each column and row is selected. Using this
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constraint, each of the plurality of row orders synchronizes
the operation of the rows with operation of a liquid crystal
display unit of the display.

[0070] At block 1702, the control circuitry pseudo-ran-
domly selects one of the identified plurality of row orders.
[0071] At block 1704, the control circuitry (e.g., including
BCON 314, row drivers 308 and column drivers 310 of FIG.
3) operates, concurrently, the rows of each group of rows of
light-emitting diodes using the selected one of the identified
plurality of row orders (e.g., by operating the rows of each
group in the same order as the rows of all other groups,
according to the selected one of the identified plurality of
row orders).

[0072] At block 1706, the control circuitry (e.g., including
separate LCD control circuitry for LCD unit 204 of FIG. 2)
operates, while the backlight control circuitry is operating
the rows of each group of rows of light-emitting diodes
using the selected one of the identified plurality of row
orders, a first portion of a pixel array of the liquid crystal
display unit to display a portion of a display frame.

[0073] At block 1708, the control circuitry pseudo-ran-
domly selects another one of the identified plurality of row
orders.

[0074] At block 1710, the control circuitry (e.g., including
BCON 314, row drivers 308 and column drivers 310 of FIG.
3) operates, concurrently, the rows of each group of rows of
light-emitting diodes using the selected other one of the
identified plurality of row orders (e.g., by operating the rows
of each group in the same order as the rows of all other
groups, according to the selected other one of the identified
plurality of row orders).

[0075] At block 1712, the control circuitry (e.g., the
separate LCD control circuitry for LCD unit 204 of FIG. 2)
operates, while the backlight control circuitry is operating
the rows of each group of rows of light-emitting diodes
using the selected other one of the identified plurality of row
orders, a subsequent portion of the pixel array of the liquid
crystal display unit to display a subsequent portion of the
display frame.

[0076] As indicated by arrow 1714, the operations of
blocks 1708, 1710, and 1712 can be repeated. For example,
the operations of blocks 1708, 1710, and 1712 can be
repeated for multiple backlight scans until the display frame
(corresponding to one LCD scan such as LCD scan 1002 of
FIG. 10, 11, or 13 above or FIG. 19 below) is complete. As
indicated by arrow 1716, when the display frame is com-
plete, the control circuitry may return to block 1702 to repeat
the operations of blocks 1702, 1704, 1706, 1708, 1710, and
1712 for a next display frame.

[0077] However, it should be appreciated that row order-
ings that are not pre-selected to preserve synchronization
with the LCD scan can also be used without sacrificing
synchronization with the LCD scan, as long as the backlight
scan rate is maintained at or above an integer multiple (e.g.,
the number of rows (n *k) in the array) of the L.CD scan rate
RR as described above.

[0078] FIG. 18 depicts a flow chart of another example
process for randomized row operation of backlight LEDs
(e.g., to mitigate acoustic noise) by randomizing the row
ordering within groups 406 by generating pseudo-random
row orderings and applying the pseudo-random row order-
ings at a backlight scan rate that is maintained at or above
n*k*RR in accordance with various aspects of the subject
technology. For explanatory purposes, the example process
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of FIG. 18 is described herein with reference to the com-
ponents of FIGS. 1, 2, and 3. Further for explanatory
purposes, the blocks of the example process of FIG. 18 are
described herein as occurring in series, or linearly. However,
multiple blocks of the example process of FIG. 18 may
occur in parallel. In addition, the blocks of the example
process of FIG. 18 need not be performed in the order shown
and/or one or more of the blocks of the example process of
FIG. 18 need not be performed.

[0079] In the depicted example flow diagram, at block
1800, control circuitry such as host circuitry 304 and/or
BCON 314 (see FIG. 3) identifies, for a backlight 202 (see
FIG. 2) of a display 110 of an electronic device 100 (see FIG.
1), a backlight scan rate at which to operate an array 401 (see
FIG. 4) of light-emitting diodes 312/400 (see FIGS. 3 and 4)
of the backlight, the backlight scan rate being an integer
multiple of an LCD scan rate for a liquid crystal display unit
204 (see FIG. 2) of the display. The integer multiple may be,
for example, the number of rows of LEDs in the array of
LEDs.

[0080] At block 1802, the control circuitry identifies, for a
group 406 of rows of light-emitting diodes in the array of
light-emitting diodes in the backlight, a pseudo-random row
order for operation of the rows of the group of rows. In
contrast to the plurality of row orders identified at block
1700 of FIG. 17, the pseudo-random row order may be
identified without ensuring that the pseudo-random row
order synchronizes the backlight LEDs with the LCD scan
rate (e.g., at low backlight frame rates). Instead, in this
example, the synchronization of the LCD pixels with the
backlight LEDs operating in the pseudo-random row order
is preserved using the identified backlight scan rate (e.g.,
n*k*RR).

[0081] At block 1804, the control circuitry (e.g., including
BCON 314, row drivers 308 and column drivers 310 of FIG.
3) operates the rows of the group 406 (see FIG. 4) of rows
of light-emitting diodes and the rows of one or more
additional groups 406 of the rows of light-emitting diodes
concurrently using the pseudo-random row order at the
identified backlight scan rate.

[0082] At block 1806, the control circuitry (e.g., including
separate LCD control circuitry for LCD unit 204 of FIG. 2)
operates, while the backlight control circuitry is operating
the rows of the group 406 and the rows of the one or more
additional groups 406 (see FIG. 4) using the pseudo-random
row order at the identified backlight scan rate, a first portion
of a pixel array of the liquid crystal display unit to display
a portion of a display frame.

[0083] At block 1808, the control circuitry identifies
another pseudo-random row order for operation of the rows
of the group of rows.

[0084] At block 1810, the control circuitry (e.g., including
BCON 314, row drivers 308 and column drivers 310 of FIG.
3) operates the rows of the group 406 (see FIG. 4) of rows
of light-emitting diodes and the rows of one or more
additional groups 406 of the rows of light-emitting diodes
concurrently using the other pseudo-random row order at the
identified backlight scan rate.

[0085] At block 1812, the control circuitry (e.g., including
separate LCD control circuitry for LCD unit 204 of FIG. 2)
operates, while the backlight control circuitry is operating
the rows of the group 406 and the rows of the one or more
additional groups 406 using the other pseudo-random row
order at the identified backlight scan rate, a subsequent
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portion of the pixel array of the liquid crystal display unit to
display a subsequent portion of the display frame.

[0086] As indicated by arrow 1814, the operations of
blocks 1808, 1810, and 1812 can be repeated. For example,
the operations of blocks 1808, 1810, and 1812 can be
repeated for multiple backlight frames until the display
frame (corresponding to one LCD scan such as LCD scan
1002 of FIG. 10, 11, or 13 above or FIG. 19 below) is
complete. As indicated by arrow 1816, when the display
frame is complete, the control circuitry may return to block
1802 to repeat the operations of blocks 1802, 1804, 1806,
1808, 1810, and 1812 for a next display frame.

[0087] FIG. 19 illustrates a space-time diagram in which
a randomized row ordering (e.g., generated using the opera-
tions described above in connection with FIG. 18) is applied
concurrently within each group 406 (see FIG. 4) of rows of
LEDs and in which the randomized row ordering is syn-
chronized with LCD scan 1002. As shown, in this arrange-
ment, all of backlight row operation indicators 1300 coin-
cide with or progress in accordance with an LCD scan 1002,
even with the randomized and concurrent operation of rows
in different groups 406.

[0088] In accordance with various aspects of the subject
disclosure, an electronic device is provided that includes a
display with a liquid crystal display unit and a backlight unit,
the backlight unit including an array of light-emitting diodes
arranged in rows and columns, the rows arranged in groups
of adjacent rows. The electronic device also includes control
circuitry configured to identify a plurality of row orders for
operation of the rows of each group of adjacent rows, where
each row order synchronizes the operation of the rows of the
array with operation of the liquid crystal display unit. The
control circuitry is also configured to pseudo-randomly
select one of the identified plurality of row orders, and
operate, concurrently, the rows of each group using the
selected one of the identified plurality of row orders.
[0089] In accordance with other aspects of the subject
disclosure, an electronic device is provided that includes a
display with a liquid crystal display unit and a backlight unit,
the backlight unit including an array of light-emitting diodes
arranged in rows and columns, the rows arranged in groups
of adjacent rows. The electronic device also includes control
circuitry configured to identify a backlight scan rate at which
to operate the array of light-emitting diodes, the backlight
scan rate being an integer multiple of an LCD scan rate for
the liquid crystal display unit. The control circuitry is also
configured to identify a pseudo-random row order for opera-
tion of the rows of each of the groups of adjacent rows, and
operate, concurrently, the rows of each group using the
pseudo-random row order at the identified backlight scan
rate.

[0090] In accordance with other aspects of the subject
disclosure, a method is provided that includes identifying,
for multiple groups of adjacent rows of light-emitting diodes
in an array of light-emitting diodes in a backlight of a
display of an electronic device, a plurality of row orders for
operation of the rows of each group of adjacent rows. Each
row order synchronizes the operation of the rows of the array
with operation of a liquid crystal display unit of the display.
The method also includes pseudo-randomly selecting one of
the identified plurality of row orders. The method also
includes operating, concurrently, the rows of each group
using the selected one of the identified plurality of row
orders.
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[0091] Various functions described above can be imple-
mented in digital electronic circuitry, in computer software,
firmware or hardware. The techniques can be implemented
using one or more computer program products. Program-
mable processors and computers can be included in or
packaged as mobile devices. The processes and logic flows
can be performed by one or more programmable processors
and by one or more programmable logic circuitry. General
and special purpose computing devices and storage devices
can be interconnected through communication networks.
[0092] Some implementations include electronic compo-
nents, such as microprocessors, storage and memory that
store computer program instructions in a machine-readable
or computer-readable medium (alternatively referred to as
computer-readable storage media, machine-readable media,
or machine-readable storage media). Some examples of such
computer-readable media include RAM, ROM, read-only
compact discs (CD-ROM), recordable compact discs (CD-
R), rewritable compact discs (CD-RW), read-only digital
versatile discs (e.g., DVD-ROM, dual-layer DVD-ROM), a
variety of recordable/rewritable DVDs (e.g., DVD-RAM,
DVD-RW, DVD+RW, etc.), flash memory (e.g., SD cards,
mini-SD cards, micro-SD cards, etc.), magnetic and/or solid
state hard drives, ultra density optical discs, any other
optical or magnetic media, and floppy disks. The computer-
readable media can store a computer program that is execut-
able by at least one processing unit and includes sets of
instructions for performing various operations. Examples of
computer programs or computer code include machine code,
such as is produced by a compiler, and files including
higher-level code that are executed by a computer, an
electronic component, or a microprocessor using an intet-
preter.

[0093] While the above discussion primarily refers to
microprocessor or multi-core processors that execute soft-
ware, some implementations are performed by one or more
integrated circuits, such as application specific integrated
circuits (ASICs) or field programmable gate arrays (FP-
GAs). In some implementations, such integrated circuits
execute instructions that are stored on the circuit itself.
[0094] As used in this specification and any claims of this
application, the terms “computer”, “processor”, and
“memory” all refer to electronic or other technological
devices. These terms exclude people or groups of people.
For the purposes of the specification, the terms “display” or
“displaying” means displaying on an electronic device. As
used in this specification and any claims of this application,
the terms “computer readable medium” and “computer
readable media” are entirely restricted to tangible, physical
objects that store information in a form that is readable by
a computer. These terms exclude any wireless signals, wired
download signals, and any other ephemeral signals.

[0095] To provide for interaction with a user, implemen-
tations of the subject matter described in this specification
can be implemented on a computer having a display device
as described herein for displaying information to the user
and a keyboard and a pointing device, such as a mouse or a
trackball, by which the user can provide input to the com-
puter. Other kinds of devices can be used to provide for
interaction with a user as well; for example, feedback
provided to the user can be any form of sensory feedback,
such as visual feedback, auditory feedback, or tactile feed-
back; and input from the user can be received in any form,
including acoustic, speech, or tactile input.
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[0096] Many of the above-described features and applica-
tions are implemented as software processes that are speci-
fied as a set of instructions recorded on a computer readable
storage medium (also referred to as computer readable
medium). When these instructions are executed by one or
more processing unit(s) (e.g., one or more processors, cores
of processors, or other processing units), they cause the
processing unit(s) to perform the actions indicated in the
instructions. Examples of computer readable media include,
but are not limited to, CD-ROMs, flash drives, RAM chips,
hard drives, EPROMs, etc. The computer readable media
does not include carrier waves and electronic signals passing
wirelessly or over wired connections.

[0097] In this specification, the term “software” is meant
to include firmware residing in read-only memory or appli-
cations stored in magnetic storage, which can be read into
memory for processing by a processor. Also, in some
implementations, multiple software aspects of the subject
disclosure can be implemented as sub-parts of a larger
program while remaining distinct software aspects of the
subject disclosure. In some implementations, multiple soft-
ware aspects can also be implemented as separate programs.
Finally, any combination of separate programs that together
implement a software aspect described here is within the
scope of the subject disclosure. In some implementations,
the software programs, when installed to operate on one or
more electronic systems, define one or more specific
machine implementations that execute and perform the
operations of the software programs.

[0098] A computer program (also known as a program,
software, software application, script, or code) can be writ-
ten in any form of programming language, including com-
piled or interpreted languages, declarative or procedural
languages, and it can be deployed in any form, including as
a stand alone program or as a module, component, subrou-
tine, object, or other unit suitable for use in a computing
environment. A computer program may, but need not, cor-
respond to a file in a file system. A program can be stored in
a portion of a file that holds other programs or data (e.g., one
or more scripts stored in a markup language document), in
a single file dedicated to the program in question, or in
multiple coordinated files (e.g., files that store one or more
modules, sub programs, or portions of code). A computer
program can be deployed to be executed on one computer or
on multiple computers that are located at one site or dis-
tributed across multiple sites and interconnected by a com-
munication network.

[0099] Itis understood that any specific order or hierarchy
of blocks in the processes disclosed is an illustration of
example approaches. Based upon design preferences, it is
understood that the specific order or hierarchy of blocks in
the processes may be rearranged, or thatall illustrated blocks
be performed. Some of the blocks may be performed simul-
taneously. For example, in certain circumstances, multitask-
ing and parallel processing may be advantageous. Moreover,
the separation of various system components in the embodi-
ments described above should not be understood as requir-
ing such separation in all embodiments, and it should be
understood that the described program components and
systems can generally be integrated together in a single
software product or packaged into multiple software prod-
ucts.

[0100] The previous description is provided to enable any
person skilled in the art to practice the various aspects
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described herein. Various modifications to these aspects will
be readily apparent to those skilled in the art, and the generic
principles defined herein may be applied to other aspects.
Thus, the claims are not intended to be limited to the aspects
shown herein, but are to be accorded the full scope consis-
tent with the language claims, wherein reference to an
element in the singular is not intended to mean “one and
only one” unless specifically so stated, but rather “one or
more.” Unless specifically stated otherwise, the term “some”
refers to one or more. Pronouns in the masculine (e.g., his)
include the feminine and neuter gender (e.g., her and its) and
vice versa. Headings and subheadings, if any, are used for
convenience only and do not limit the subject disclosure.
[0101] The predicate words “configured to”, “operable
to”, and “programmed to” do not imply any particular
tangible or intangible modification of a subject, but, rather,
are intended to be used interchangeably. For example, a
processor configured to monitor and control an operation or
a component may also mean the processor being pro-
grammed to monitor and control the operation or the pro-
cessor being operable to monitor and control the operation.
Likewise, a processor configured to execute code can be
construed as a processor programmed to execute code or
operable to execute code

[0102] A phrase such as an “aspect” does not imply that
such aspect is essential to the subject technology or that such
aspect applies to all configurations of the subject technology.
A disclosure relating to an aspect may apply to all configu-
rations, or one or more configurations. A phrase such as an
aspect may refer to one or more aspects and vice versa. A
phrase such as a “configuration” does not imply that such
configuration is essential to the subject technology or that
such configuration applies to all configurations of the subject
technology. A disclosure relating to a configuration may
apply to all configurations, or one or more configurations. A
phrase such as a configuration may refer to one or more
configurations and vice versa.

[0103] The word “example” is used herein to mean “serv-
ing as an example or illustration.” Any aspect or design
described herein as “example” is not necessarily to be
construed as preferred or advantageous over other aspects or
design

[0104] All structural and functional equivalents to the
elements of the various aspects described throughout this
disclosure that are known or later come to be known to those
of ordinary skill in the art are expressly incorporated herein
by reference and are intended to be encompassed by the
claims. Moreover, nothing disclosed herein is intended to be
dedicated to the public regardless of whether such disclosure
is explicitly recited in the claims. No claim element is to be
construed under the provisions of 35 U.S.C. §112, sixth
paragraph, unless the element is expressly recited using the
phrase “means for” or, in the case of a method claim, the
element is recited using the phrase “step for.”” Furthermore,
to the extent that the term “include,” “have,” or the like is
used in the description or the claims, such term is intended
to be inclusive in a manner similar to the term “comprise”
as “comprise” is interpreted when employed as a transitional
word in a claim.

What is claimed is:
1. An electronic device, comprising:

a display with a liquid crystal display unit and a backlight
unit, the backlight unit comprising an array of light-
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emitting diodes arranged in rows and columns, the
rows arranged in groups of adjacent rows; and
control circuitry configured to:

identify a plurality of row orders for operation of the
rows of each group of adjacent rows, wherein each
row order synchronizes the operation of the rows of
the array with operation of the liquid crystal display
unit;

pseudo-randomly select one of the identified plurality
of row orders; and

operate, concurrently, the rows of each group using the
selected one of the identified plurality of row orders.
2. The electronic device of claim 1, further comprising
liquid crystal display control circuitry configured to operate,
while the control circuitry operates the rows of each group
using the selected one of the identified plurality of row
orders, a first portion of a pixel array of the liquid crystal
display unit to display a first portion of a display frame.
3. The electronic device of claim 2, wherein the control
circuitry is further configured to:
pseudo-randomly select another one of the identified
plurality of row orders; and
operate, concurrently, the rows of each group using the
selected other one of the identified plurality of row
orders.
4. The electronic device of claim 3, wherein the liquid
crystal display control circuitry is further configured to
operate, while the control circuitry operates the rows of each
group using the selected other one of the identified plurality
of row orders, a subsequent portion of the pixel array of the
liquid crystal display unit to display a subsequent portion of
a display frame.
5. The electronic device of claim 1, wherein the control
circuitry comprises backlight control circuitry including a
backlight row driver, the backlight row driver having a
plurality of high-side switches, each coupled to at least one
row in each of the groups of adjacent rows.
6. The electronic device of claim 5, wherein the backlight
control circuitry further comprises a plurality of backlight
column drivers, each backlight column driver coupled to one
of the groups of adjacent rows.
7. The electronic device of claim 6, wherein the backlight
control circuitry is configured to operate, concurrently, the
rows of each group using the selected one of the identified
plurality of row orders by operating the rows of each group
in the same order as the rows of all other groups, according
to the selected one of the identified plurality of row orders.
8. An electronic device, comprising:
a display with a liquid crystal display unit and a backlight
unit, the backlight unit comprising an array of light-
emitting diodes arranged in rows and columns, the
rows arranged in groups of adjacent rows; and
control circuitry configured to:
identify a backlight scan rate at which to operate the
array of light-emitting diodes, the backlight scan rate
being an integer multiple of an LCD scan rate for the
liquid crystal display unit;

identify a pseudo-random row order for operation of
the rows of each of the groups of adjacent rows; and

operate, concurrently, the rows of each group using the
pseudo-random row order at the identified backlight
scan rate.
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9. The electronic device of claim 8, wherein the array of
light-emitting diodes includes a number of rows, and
wherein the integer multiple is equal to the number of rows.
10. The electronic device of claim 8, further comprising
liquid crystal display unit control circuitry configured to
operate, while the control circuitry operates the rows of each
group using the pseudo-random row order at the identified
backlight scan rate, a first portion of a pixel array of the
liquid crystal display unit to display a first portion of a
display frame.
11. The electronic device of claim 10, wherein the control
circuitry is further configured to:
identify another pseudo-random row order for operation
of the rows of each of the groups of adjacent rows; and

operate, concurrently, the rows of each group using the
other pseudo-random row order at the identified back-
light scan rate.
12. The electronic device of claim 11, wherein the liquid
crystal display control circuitry is further configured to
operate, while the control circuitry operates the rows of each
group using the other pseudo-random row order at the
identified backlight scan rate, a subsequent portion of the
pixel array of the liquid crystal display unit to display a
subsequent portion of a display frame.
13. The electronic device of claim 8, wherein the control
circuitry comprises backlight control circuitry including a
backlight row driver, the backlight row driver having a
plurality of high-side switches, each coupled to at least one
row in each of the groups of adjacent rows.
14. The electronic device of claim 13, wherein the back-
light control circuitry further comprises a plurality of back-
light column drivers, each backlight column driver coupled
to one of the groups of adjacent rows.
15. The electronic device of claim 14, wherein the back-
light control circuitry is configured to operate, concurrently,
the rows of each group using the pseudo-random row order
at the identified backlight scan rate by operating the rows of
each group in the same order as the rows of all other groups,
according to the pseudo-random row order and at the
identified backlight scan rate.
16. A method, comprising:
identifying, for multiple groups of adjacent rows of light-
emitting diodes in an array of light-emitting diodes in
a backlight of a display of an electronic device, a
plurality of row orders for operation of the rows of each
group of adjacent rows, wherein each row order syn-
chronizes the operation of the rows of the array with
operation of a liquid crystal display unit of the display;

pseudo-randomly selecting one of the identified plurality
of row orders; and

operating, concurrently, the rows of each group using the

selected one of the identified plurality of row orders.

17. The method of claim 16, further comprising operating,
while operating the rows of each group using the selected
one of the identified plurality of row orders, a first portion
of a pixel array of the liquid crystal display unit of the
display to display a first portion of a display frame.

18. The method of claim 17, further comprising:

pseudo-randomly selecting another one of the identified

plurality of row orders; and

operating, concurrently, the rows of each group using the

selected other one of the identified plurality of row
orders.
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19. The method of claim 17, further comprising operating,
while operating the rows of each group using the selected
other one of the identified plurality of row orders, operating
a subsequent portion of the pixel array of the liquid crystal
display unit to display a subsequent portion of the display
frame.

20. The method of claim 16, wherein operating, concur-
rently, the rows of each group using the selected one of the
identified plurality of row orders comprises operating the
rows of each group in the same order as the rows of all other
groups, according to the selected one of the identified
plurality of row orders.
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