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INTERNATIONAL ELECTROTECHNICAL COMMISSION

DISPLAY LIGHTING UNIT -
Part 1-5: Electrical signal interface of LED BLU

FOREFWORD

e International Electrotechnical Commission (IEC) is a worldwide organization for standardization_comprising
national electrotechnical committees (IEC National Committees). The object of IEC is to promote,international
-operation on all questions concerning standardization in the electrical and electronic fields.,To ithis end and
addition to other activities, IEC publishes International Standards, Technical Specifications, Technical Reports,
blicly Available Specifications (PAS) and Guides (hereafter referred to as “IEC Publication(s)”). |Their
eparation is entrusted to technical committees; any IEC National Committee interested ifi-the subject dealt with

mpy participate in this preparatory work. International, governmental and non-governmental ‘organizations lifising
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th the IEC also participate in this preparation. IEC collaborates closely with the Interpational Organizatipn for
andardization (ISO) in accordance with conditions determined by agreement beteen the two organizati¢ns.

e formal decisions or agreements of IEC on technical matters express, as néarly as possible, an interngtional
nsensus of opinion on the relevant subjects since each technical committée has representation frgm all
erested IEC National Committees.

C Publications have the form of recommendations for international\dse and are accepted by IEC N4gtional
mmittees in that sense. While all reasonable efforts are made to. ensure that the technical content df IEC
blications is accurate, IEC cannot be held responsible for,the/way in which they are used or for any
sinterpretation by any end user.

order to promote international uniformity, IEC National Committees undertake to apply IEC Publicgtions
nsparently to the maximum extent possible in their national*and regional publications. Any divergence befween
y IEC Publication and the corresponding national or regional publication shall be clearly indicated in the |atter.

C itself does not provide any attestation of confgrmity. Independent certification bodies provide conf¢rmity
sessment services and, in some areas, access\to IEC marks of conformity. IEC is not responsible fqr any
rvices carried out by independent certification\bodies.

users should ensure that they have the latest edition of this publication.

liability shall attach to IEC or its directors, employees, servants or agents including individual experts and
embers of its technical committees and IEC National Committees for any personal injury, property damgdge or
her damage of any nature whatsoever, whether direct or indirect, or for costs (including legal fees)) and
penses arising out of the publication, use of, or reliance upon, this IEC Publication or any othef IEC
blications.

tention is drawn to the Normative references cited in this publication. Use of the referenced publicatipns is
Hispensable for the correct application of this publication.

tention is drawn to'the-possibility that some of the elements of this IEC Publication may be the subject of patent
hts. IEC shall ngt b€ held responsible for identifying any or all such patent rights.

TR 62595:4-5 has been prepared by IEC technical committee 110: Electronic displays. It

echnical-Report.
fextof this Technical Report is based on the following documents:
Draft Report on voting
110/1445/DTR 110/1465A/RVDTR

Full information on the voting for its approval can be found in the report on voting indicated in
the above table.

The language used for the development of this Technical Report is English.

This document was drafted in accordance with ISO/IEC Directives, Part 2, and developed in
accordance with ISO/IEC Directives, Part 1 and ISO/IEC Directives, IEC Supplement, available
at www.iec.ch/members_experts/refdocs. The main document types developed by IEC are
described in greater detail at www.iec.ch/standardsdev/publications.


http://www.iec.ch/members_experts/refdocs
http://www.iec.ch/standardsdev/publications
https://iecnorm.com/api/?name=1d0bc5fcac332e3cd8a16787b50e084a

IEC 62595-1-5:2022 © IEC 2022 -5-

A list of all parts in the IEC 62595 series, published under the general title Display lighting unit,
can be found on the IEC website.

The committee has decided that the contents of this document will remain unchanged until the
stability date indicated on the IEC website under "http://webstore.iec.ch” in the data related to
the specific document. At this date, the document will be

e reconfirmed,

e withdrawn,

e replaced by a revised edition, or
. almended.

IMAORTANT - The "colour inside” logo on the cover page of this document indicates that it
cortains colours which are considered to be useful for the correct understanding of| its
cortents. Users should therefore print this document using a colour printer.
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DISPLAY LIGHTING UNIT -

Part 1-5: Electrical signal interface of LED BLU

1 Scope

This

part of IEC 62595, which is a Technical Report, provides information for the f

ture

stan

jardization of the electrical signal interface of LED backlight units for liquid crystal dig

television sets, which include control signals, control data and LED driver interface:

docu

without local boosting.

NOTEH

2

The

All values and parameters of this document are examples.
Normative references

ollowing documents are referred to in the text in such a way/that some or all of their co

congftitutes requirements of this document. For dated referencés;“only the edition cited apg

For
ame

IEC

3

undated references, the latest edition of the referenced document (including
ndments) applies.

52595-1-2:2016, Display lighting unit — Part 1-2;/Terminology and letter symbols

Terms, definitions, and abbreviated@erms

play
This

ment only provides information about 2-D local dimming LED backlight units; with or

htent
lies.
any

For {he purposes of this document, the-terms and definitions given in IEC 62595-1-2 and the

follo

ISO
addr

3.1

3.1.1
loca
man

wing apply.

and IEC maintain terminological databases for use in standardization at the follo
Esses:

EC Electropedia: available at http://www.electropedia.org/

50 Online browsing platform: available at http://www.iso.org/obp

Terms and.definitions

dimming
pdlation of luminance over an area of a two-dimensionally divided backlight un

wing

it in

resp

bnse to the imngn that is gning to be r*licplnynd onthe | C device atthe same areg

Note 1 to entry: In this document, "local dimming" refers to 2-D dimming.

[SOURCE: IEC 62595-1-2:2016,3.7.4, modified — in the terms “block dimming, two-dimensional
dimming and 2-D dimming” have been removed, the term “(spatially)” has been deleted in the
definition and Note 1 to entry has been added.]

3.1.2

loca

| boosting

<LED backlight unit> dynamic and location-specific increase to peak luminance across the
backlight unit in response to image content


http://www.iso.org/obp
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3.1.3
LED driver unit
circuit board providing driving current to the LED backlight unit

3.1.4

video processing unit

circuit board including video decoder, scalar, and deinterlacing for video signal from input
devices

Note 1 to entry: The input devices are, for example, TV set-top box, over the top (OTT) set-top box, disc player.

3.1.5

LED|matrix

2-D array LED light sources in the LED light board
3.1.4

LED|strings, pl.

LED|strip light sources in the LED light bar
3.2 | Abbreviated terms

AM active matrix

BLU backlight unit

IC integrated circuit

12C inter-integrated circuit

LCD liquid crystal display

LED light emitting diode

MOSI master output slave input
OoTT over the top

PSU power supply unit

PWM pulse-width modulation
SCL serial clock (for:l2C)

SCLK serial clock.(for SPI)

SDA serial data

SoC system on chip

SPI serial peripheral interface
TCON timing controller

VPU video processing unit
VSYNGC vertical synchronization signal

4 Electrical interfaces configuration

4.1 General

One of the current hot topics of LCD-TV sets is how to improve image quality and reduce power
consumption. Local dimming technology can improve the image quality and reduce power
consumption by controlling the luminance of backlight, so it has been widely studied in LCD-
TVs for nearly two decades [1] [2]!. LCD-TV sets with local dimming LED backlight units are
currently on the market, quickly becoming the medium- and high-end products of major TV
brands. At the same time, with the application of local dimming technology, the electrical signal

T Numbers in square brackets refer to the Bibliography.
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interfaces between various units of LCD-TV sets, especially the electrical signal interfaces of
LED BLU, become more complicated. Figure 1 shows an example of an LCD-TV interface signal
flow chart, in which the electrical signal interfaces of LED BLU refer to the interfaces between
a VPU, LED driver unit and LED BLU.

This document intends to provide information for the future standardization of the electrical
signal interface of LED BLU for LCD-TV sets. The basic configuration of LED blocks is
introduced in 4.2. The overview of the interface function is described in 4.3. The electrical
characteristics and interface definition of the signal interface of LED BLU are introduced in
Clause 5 with examples.

LED BLU

LED driver unit

TCON LC panel
L)
I 'LED block | "LED block |
IMX (V=) +1 T IM X (V= 1) +1) .
T _________ e
[
Local dimming data | LEDdriverIC _
Viddo signal VPU LED driver
T Control signal control
I ) LED driver IC
Figure 1 — LCD=TV interface signal flow chart
4.2 | Basic configuration of LED blocks

A LED BLU with local dimming is divided into multiple independent LED blocks, and

EC

the

luminance of each LED ¢block can be adjusted in accordance with the image contents of the

corrg
bloc

and

As examples;there are two basic modes for the LED blocks configuration: normal mode

sponding region tg-achieve the best image quality for an LCD-TV set. Therefore, the
s configuration-in-the detailed specification of the LED BLU is specified to ensure the
drivgr unit and VPU have the same understanding regarding the physical location of LED blg
he LED driyer IC can accurately control each LED block to achieve luminance adjustment.

LED
LED
cks,

and

revefse mede, as shown in Table 1 and Table 2.
Table 1 — Addr m f the normal m LED blocks (/N rows, M column
1 2 M
M+ 1 M+ 2 Mx2
M x 2+1 Mx2+2 Mx3
Mx (N=1)+2 Mx N

Mx (N=1)+1



https://iecnorm.com/api/?name=1d0bc5fcac332e3cd8a16787b50e084a

IEC 62595-1-5:2022 © IEC 2022 -9-

Table 2 — Address map of the reverse mode LED blocks (N rows, M columns)

Mx N Mx (N-1)+2 Mx (N=1)+1
Mx3 Mx2+2 Mx2+1
Mx2 M+ 2 M+ 1

M 2 1

4.3

As s
and

LED
the L
adju

For dynamic backlight with local dimming, in order to ensure local dimmifig works properly

func
spegc
local

comimunication protocol, respectively.

Glob
mod
lumi
the d

To fu
local

e . F . l F P o
LAS LA 1A 4 0]

hown in Figure 1, the VPU receives a video signal and generates the local dimming
control signal to the LED driver control of the LED driver unit. The LED driver control g
driver unit then encodes the local dimming data and control data to the LED)driver
ED driver unit. Finally, the LED driver IC controls the LED blocks to realisesthe lumin
stment of the LED BLU.

ion of the electrical signal interfaces of the LED BLU is<specified in the det
ification of the LED BLU. As an example, Table 3 shows the ‘basic interface functio
dimming, in which local dimming data and control signal interfaces use SPI ang

Table 3 — Interface function

Signal Description
VSYNC Synchronization signal from VPU
Local
dimming SCLK Local dimming serial clock
data
MOSI Local dimming serial data from VPU
PWM Global dimming signal from SoC
Control scL 12C clock
signal
SPA 12C data

al dimming mentioned in Table 1 is sometimes referred to as 0-D dimming, and it i
ilation benchmark for the luminance of the dynamic backlight with local dimming.
hance of eaegh'LED block depends on different local dimming algorithms, but this is ou
urrent scope of this document.

rther improve the contrast of the LCD-TV, local boosting technology can be applied i

dimming of LED BLU [3]. Figure 2 shows an example of the effect on luminance of

data
f the
C of
hnce

, the
hiled
h for

12C

5 the
The
side

N the
LED

BLU

| 1 4 A : 41 4 N ! : : L I P NA D TR 4 41
WIIT TOLAT DOUSUTTY. ASSUTTHTTY tTat a Utsplidy 1Tidyt 15 STTUOWIT T TFTyurc 2 (1c1i), TUT 1S U

ntral

full white display region, and comparing this with local dimming LED BLU without local boosting,
LED BLU with local boosting can achieve higher backlight luminance (see Figure 2, right), thus
obtaining higher image contrast.

Local dimming generally works with local boosting, which does not necessarily change the
interface configuration while reflecting different electrical characteristics. Similarly, there are
many different local boosting algorithms currently used for local dimming LED BLU, but this is

also

outside the current scope of this document.
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Global dimming
(maximum luminance)

Luminance of LED BLU

Local dimming
\

N\

>

Horizontal position across display image centre
TEC

Figure 2 — Example of the effect on luminance of LED BLU with local boosting

5 Electrical characteristics and interface definition

5.1 General

As ekplained, the basic configuration of LED blocks and interface function are essential for|[LED
BLU|with local dimming. In Clause 5, the electrical characteristics and interface definition df the
signal interface of local dimming LED BLU are introduced with . examples.

5.2 | Local dimming and boosting data interface

5.2.1 General

Congidering the data volume and transmission speed, the local dimming and boosting [data
interface usually uses SPI communication protocol.

5.2.2 Pin configuration and electrical.characteristics

The [typical pin configuration and eleetrical characteristics of the interface between the |LED
drivgr unit and VPU are shown in Table 4.

Table 4 — Pin-configuration and electrical characteristics

Signal 110 Low High Impedance
V) (V) (KQ)
VSYNC Input <0,6 >2,8 100
MOSI Input <0,6 >2,8 100
SCEK Input <0,6 >2,8 100
PWM Input <0,6 >2,8 100

5.2.3 Local dimming and boosting data format
In order to complete the transmission of local dimming data and ensure the reliability of the

data transmission, the packet will usually contain the indicator, command, data, and checksum.
The typical data format is shown in Figure 3.

IEC

Figure 3 — Local dimming and boosting data format
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a) Indicator (1 byte): Start code of data sequence

b) Command (1 byte): Command byte of data sequence

c) Data1 to N (N byte): 8-bit local dimming grey value (0 to 255), N blocks

d) Checksum: ID » Command * Data1 * Data2 * ...... A DataN (*: Exclusive OR)

5.2.4 Local dimming and boosting data signal timing
The transmission of local dimming and boosting data usually keeps the synchronization

relationship with image frames. Figure 4 gives an example of the local dimming and boosting
data signal timing.

VSYNC — —% : — =) —

i Indicator Command Data1

MOSI — @@@@@' _ T
SALK — : | ooy NN T _

,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,, IEC

Figure 4 — Local dimming and boosting data signal timing

Tablg 5 gives an example of T4 to*7%/in Figure 4.

Table 5 — Local dimming and boosting data signal timing

Values
Parameter Units
Min Typical Max

T4 20 100 \ us

Ty 0,5 \ 2,0 us

Tq 0,25 \ 1 us

Ty 20 10 \ s

4 }

Tg 20 50 \ us

Tg (setup time) 50 \ \ ns

T (holding time) 50 \ \ ns
Clock 0,5 1,0 2,0 MHz
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Local dimming and boosting control signal interface

General

The LED driver unit will sometimes receive control commands from the main board SoC of the
LCD-TV, and the data volume is usually small. Therefore the local dimming and boosting control
signal interface usually uses the 12C communication protocol.

5.3.2

12C command format

If there are no special requirements, the 12C command format can be defined as in Figure 5.

Byte Write
1 7 11 8 1 8 1 1
Address Command
A

S| Staveld IWIAT  Address=N) (Address=N) || P
Byte Read
1 7 1 1 8 1 1 v 8 1

Address Data

S Slave ID WA (Address=N) A [Sr Slaye ID R[IA (Address=N) N

Figure 5 — 12G-command format

5.3.3 12C slave address
In ggneral, I2C communication is assigned a unique address in order to distinguish it from ¢ther
mod{iles on the same bus. For @€xample, the 12C slave address can be defined as follows|(see
Tablg 6).
Table 6 - 12C slave address
Command Slave ID W/R
Addrdss

Type Bit7 Bit6 Bit5 Bit4 Bit3 Bit2 Bit1 Bit0

Write 1 0 0 0 1 0 0 0 0x8

Read 1 0 0 0 1 0 0 1 0x8
5.3.4  12C register address

Control commands are defined in accordance with actual application scenarios. Some sample
commands related to local dimming controls are given in Table 7.
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Table 7 - I12C register address

Item aiﬁ:gs Register Data Remarks
Local dimming off 0x88 0x10 0x00
Local dimming on 0x88 0x10 0x01 Default
Local boosting on 0x88 0x20 0x00 Optional
Local boosting off 0x88 0x20 0x01 Optional
Test pattern off 0x88 0x30 0x00 Optional
Tgst pattern on 0x88 0x30 0x071 Optional
BLU status 0x89 0x60 1 byte
VErsion control 0x89 0x80 20 bytes
Update control 0x88 0x90 3 bytes

5.4
5.4.1 General

The

a) forward voltage (7;) of LED BLU,

b) block configuration of LED blocks (see 4.2);
c) driver current of each LED block;

d) driver mode.

LED
to 5.4.4.

5.4.2

For
Figufe 6).

Static mode

Interface between LED BLU and the LED driver unit

PSU

4

ASSASASNY

nterface between LED BLU and the LED driver unit includes’the following factors:

BLU can be driven in many ways, such as in static mode, common cathode mode
comimon anode mode. Examples of the different driver mode LED backlights are shown in p

he static mode LED backlight, every LED block has one independent driver signal

and

(see

FeedbackTircuit

Local dimming data

C—

Ry

vy

PWM1

UL

PWMn

UL

Vref

Vref —’_.(>—
i

] ey W0 UK

LED driver unit

IEC

Figure 6 — Example of static mode LED backlight
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5.4.3 Common cathode mode

For the common cathode mode LED backlight, several LED blocks share a single cathode driver
signal, and the driver signals are enabled by the selection signal through the LED block’s anode.
Figure 7 shows an example of the common cathode mode LED backlight in which two LED
blocks share a single cathode driver signal.

PSU

0
e

Selection signal . :

Y 3
PWM1 ’% T
Local dimming data Vref T—l>_4"q
. ﬂ

Feedback circuit

LED driver unit IEC

Figure 7 — Example of common cathode mode LED backlight

5.4.4 Common anode mode

For fhe common anode mode LED backlight, several LED blocks share a single anode driver
signal, and the driver signals are enabled by, the selection signal through the LED blgck’s
cathpde. Figure 8 shows an example of the‘common anode mode LED backlight in which two
LED|blocks share a single anode driver signal.

V+
PSU
7 2
% 2
Z 2
H ! ']
! 1
Feedback circuit ¢$ P
7 2
5 »

j PR Selection signal
Local dimming data Vref F{}‘{m f_‘l
 — .

LED driver unit
IEC

Figure 8 — Example of common anode mode LED backlight

6 Future standardization

6.1 General

LED BLU with local dimming is the mainstream solution of LCD-TV backlight, which can reduce
power consumption and improve the image quality of LCD-TV sets. Manufacturers of BLUs,
LCD-TV sets and monitors will plan to formulate international standards regarding local dimming
LED BLUs.


https://iecnorm.com/api/?name=1d0bc5fcac332e3cd8a16787b50e084a
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