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IML204DG integrations

Four-Channel LED Backlight Controller IC to Partner
with InnoMux2-BL for Computer Monitors

Product Highlights The IML204DG IC provides protection mechanisms for string-open,
string-short and unbalanced strings.

Highly Integrated, Compact Footprint

Four channel LED backlight controller

Low current source voltage drop for high system efficiency
3% matching accuracy over full current range

Up to 150 V string voltage

Up to 4x120 mA string current

Extendable to 8 channels, with 3% matching accuracy

’

PWM, analog, filtered PWM dimming options s

‘)

Wave-solderable SO-16 package

Advanced Protection / Safety Features Figure 2.  IML204DG in SO-16 Package.
e String imbalance detection
String open detection

L]
e String short detection

Over-temperature protection IML204DG
Applications Output
e Four and eight channel LED backlight monitors Product Configuration Package
e Two channel LED backlight TVs
e For Energy Star 8, CEC, and 2023 EU labelling for monitors and TVs IML204DG 1 CV, 4 LED strings SO-16
Description Table 1. IML204DG Part Numbers.

The IML204DG IC allows the InnoMux2-BL controller to drive up to 4 or 8
LED strings. It simplifies the design and manufacture of multi-LED string
monitors and TVs with a highly integrated architecture allowing low BOM
count and compact designs.
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Figure 1.  Typical Application Schematic.
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Figure 3.  IML204DG Controller Functional Block Diagram.
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Pin Out
Pin Functional Description

ICC2 Pin (Pin 1)
Cathode connection for LED channel 2.

ICC1 Pin (Pin 2)
Cathode connection for LED channel 1.

GROUND (GND) Pin (Pin 3)
Ground for the IML204DG controller.

Not Connected (NC) Pin (Pin 4)
This pin should be left floating.

Not Connected (NC) Pin (Pin 5)
This pin should be left floating.

ISET (IS) Pin (Pin 6)
This pin sets the full-scale (100% brightness) output current. The
current is set with a resistor from the IS pin to Ground.

EXTENSION (EXT) Pin (Pin 7)

Should be connected to BPS in 4 channel operation. In 8 channel
operation, the second controller should connect this pin to BPS, the
first controller should connect this pin to the VSENSE pin of the
IML204DG IC. For 8 string configuration, refer to Figure 6.
IML204DG #2 VSENSE pin will output the lowest voltage on its ICC
pins. This signal is connected to the EXT pin of IML204DG #1 whose
VSENSE is connected to the InnoMux2-BL IC.

LED VOLTAGE SENSE (VLED) Pin (Pin 8)

Should be connected to the V., rail / LED anode connection through
a high impedance resistor R .. The resistor current should be 20 pA
at 85% of V , maximum voltage when the VLED pin voltage is pulled
low by the controller.

BYPASS (BP) Pin (Pin 9)

BP supply connection. Should be connected to the InnoMux2-BL BPS
rail with 10 Q resistor and must be decoupled with an external bypass
capacitor.

Not Connected (NC) Pin (Pin 10)

This pin has no internal connection. It is allowed to connect this pin
to the CDR1 pin of the InnoMux2-BL IC to facilitate PCB layout (but
this is not essential).

1cC2 1 16 ICC3
ICC1 2 15 ICC4
GND 3 14 REF
NC 4 13 GND
NC5 12 EN
IS 6 11 VSENSE
ECT 7 10 NC (CDR1)
VLED 8 9 BP
PI-9859-030124

Figure 4. IML204DG LED Controller in SO-16 Package.

VOLTAGE SENSE (VSENSE) Pin (Pin 11)

This pin outputs the lowest of the 5 voltages on the ICC and EXT
pins. Should be connected to InnoMux2-BL VSENSE pin for V
regulation.

ENABLE (EN) Pin (Pin 12)

This pin enables/disables the current in the four current sources.

Should be connected to the InnoMux2-BL ENOUT pin. If EN pin is

low for more than T, the controller will enter standby mode.

GROUND (GND) Pin (Pin 13)
Ground for the IML204DG controller.

REFERENCE (REF) Pin (Pin 14)
This pin sets the analog brightness level (0-100%). Should be
connected to the InnoMux2-BL REFOUT pin.

ICCA4 Pin (Pin 15)
Cathode connection for LED channel 4.

ICC3 Pin (Pin 16)
Cathode connection for LED channel 3.
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IML204DG Functional Description

The IML204DG IC is a companion controller for the InnoMux2-BL IC,
extending the number of controlled LED strings to four. It consists of
four matched current sources allowing for up to 120 mA LED current
per string. The combination of InnoMux2-BL IC and IML204DG IC
therefore can accurately control the voltage on CV outputs as well as
the current in 4 LED strings. There is no need for additional DCDC
buck or boost converters.

LED String Current Control

Operation

The IML204DG IC features a four channel matched LED driver (four
current sources) for controlling the current through a four string LED
backlight. Two and three channel operation is also supported.
Channels can be ganged together to obtain a higher string current.
Unused channels should be tied to GND.

The LED driver uses the R, resistor to set the LED string current. The
maximum LED string current is given by:

1.5V

ILED(MAX) = Rs

x 320

The resistor R will have a value between 4 kQ (120 mA) to 24 kQ
(20 mA).

Output Voltage Regulation for VLED Output

The InnoMux2-BL IC and IML204DG IC keep the voltage drop over
the current sources as low as possible to maintain optimum system
efficiency. The output voltage for driving the LED string (V) is
regulated to maintain the minimum required voltage drop over the
current source for the LED string with the largest V.. The low voltage
drop over the current source is maintained for any LED current by
changing the V ., output voltage set point.

To ensure stability of the LED voltage regulation, a maximum V.
output capacitance is recommended and depends on the maximum
LED voltage and the maximum combined LED string current (all
strings together).

Please refer to the InnoMux2-BL data sheet for more information on
the V ., voltage regulation and on the maximum V, ; rail capacitance.

LED Dimming
The current through the LED strings can be varied for changing
(dimming) the LED brightness.

All InnoMux2-BL dimming modes are supported in 4-string operation:
e.g. Analog dimming, PWM dimming and filtered dimming. PWM and
filtered dimming are supported up to 27 kHz. In PWM mode, the four
strings will operate synchronously and in phase. Please refer to the
InnoMux2-BL data sheet for more information on the various dimming
modes.

Start-Up and LED Detection

At start-up, the IML204DG IC detects which channels have an LED
connected. The InnoMux2-BL IC will increase the V . until the
voltage on all four ICC pins starts to rise above the LED detection
threshold or the V  rail crosses the 85% threshold. A rising voltage
on an ICC pin indicates that an LED string is present. During this
time IML204DG controller will keep the VSENSE pintobe 0 V. As
soon as V., crosses the 85% threshold, any ICC pin that is below the

detection threshold will be permanently disabled.

The V|, is sensed by the IML204DG IC by pulling the VLED pin low
and measuring the current into the VLED pin. A current of 20 pA is
assumed to represent 85% of the maximum LED rail voltage.

The R, _, resistor value is given by,

LED

R — 0.85 x Vieo MAX
LED 20 HA

A short-circuit string (LED cathode short to V , voltage) will be de-
tected during start-up. This will permanently enable all ICC pins with
the current set to 10% of the maximum current as set by the I, R,
resistor until the short is removed. During this time, the VSENSE pin
output will be pulled high so InnoMux2-BL IC will reduce V.

LED Fault Detection During RUN

During operation, the controller will continuously monitor the voltages
on the ICC pins. If a large asymmetry between the LED strings
(>V,cov) is detected, the shorter string(s) will be disabled to prevent
excessive power dissipation in the controller. Any strings that go
open-circuit or short-circuit during RUN will be disabled.

LED cathode short to ground will be detected as string open by the
IML204DG controller. The InnoMux2-BL IC will then detect an
over-power condition and perform an auto-restart.

Standby Mode

In case the EN pin is low for more than T, the IML204DG IC
controller will enter standby mode. In standby mode the IML204DG
will stop communicating the minimum ICC voltage and instead set the
VSENSE pin to be high.

Interface with InnoMux2-BL IC
There are 3 interface wires connected between IML204DG IC and
InnoMux2-BL IC:

¢ REFERENCE — analog signal set by InnoMux2-BL IC to set the LED
string current level between 0 and full range (as set by R.).

o ENABLE — digital signal set by InnoMux2-BL IC. A high level will
enable the LED driver in the companion controller.

e VSENSE - analog signal set by IML204DG IC, reflecting the lowest
ICC voltage out of the four strings.
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Over-Temperature

Built-in thermal protection circuitry continuously measures the
controller temperature. The threshold is set at T ... When the
temperature rises above T, the IML204DG IC will disable all LEDs
and set VSENSE to be high with hysteretic over-temperature
protection; the LEDs will remain disabled until the temperature drops
below To.o; — T

Other Faults
In case the REFERENCE pin is out of range, the IML204DG IC will
disable all LEDs and set VSENSE to be high until the fault is cleared.

HYST*

In case the IS pin shorted to ground (minimum value is 4 kQ), the
IML204DG IC will disable all LEDs and set V to be high until the
fault is cleared.

Cascading Multiple IML204DG

It is possible to cascade IML204DG IC for 8 channel LED backlight
operation. LED output accuracy and channel-to-channel matching
specifications will be maintained when using more than one
IML204DG controller.

SENSE

The connections between InnoMux2-BL IC, IML204DG IC #1 and
IML204DG IC #2 are shown in Figure 5.
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Figure 5. Cascading Two IML204DG Controllers.
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Absolute Maximum Ratings'2

ICCPin Voltage .....cccvvrerieennninineensn s, 0.5 V10 Vo ) V
VLED Pin Voltage .. -0.5to 175V
BP Pin VOItage ......ccvvviiiiiiiiiiiiinn e -0.3to6V
All Other Pins VOItage .........ccccvrrrrmrrerinnneesssnnneereeeeeen e -0.3to6V
Storage Temperature .

Operating Junction Temperature?..........ccccevvineniininnnn, -40 to 150 °C

Lead Temperature®..........ooovveieeieiviniisrs e 260 °C

Thermal Resistance

Thermal Resistance: IML204DG
(G0 IR 49 °C/W*" 84 °C/W?
(B)0) ereererrerreene it 25 °C/W3

Notes:

1. All voltages referenced to GROUND, T, = 25 °C.

2. Maximum ratings specified may be applied one at a time without
causing permanent damage to the product. Exposure to
Absolute Maximum Ratings conditions for extended periods of
time may affect product reliability.

3. Normally limited by internal circuitry.

4, 1/16" from case for 5 seconds.

Notes:

1. Tested using EIA/JEDEC standard test method JESD51-2A with
device mounted on “High Effective Thermal Conductivity Test
Board” as described in EIA/JEDEC standard JESD51-7.

2. Tested using EIA/JEDEC standard test method JESD51-2A with
device mounted on “Low Effective Thermal Conductivity Test
Board” as described in EIA/JEDEC standard JESD51-3.

3. Tested using MIL-STD-883, Method 1012.1, case temperature
measured at top of package body.

Conditions
Parameter Symbol T,=-40°Cto 125 °C Min Typ Max Units
(Unless Otherwise Specified)

Control Functions

L, EN Low > T, 0.1 0.2 mA
Current Consumption . EN High 26 A

52 Veer = 1.5V, R, = 24 kQ
BPS Power-Up Reset
Threshold Voltage Versesen 34 38 4.2 v
LED Current Control

T,=25°C
REF (Input) Veer 3% brightness: 45 mV, 0 1.5 \"
100% brightness: 1.5V
ICC Voltage Protection .
Limit Viccow Vi Fising 8.5 9 9.5 \Y
Minimum Full-Scale ICC
Current Lecomy 20 mA
Maximum Full-Scale ICC
Current Lecomo 120 mA
100 mA current per string, measured in analog
A100 mA dimming. Equal voltage on all ICC pins (0.3 V). 3
ICC Channel Matching T,=25°C %
(See Note A) 5 mA current per string, measured in analog
A5 mA dimming. Equal voltage on all ICC pins (0.3 V). 3
T,=25°C

Power
integrations
www.power.com

Rev. C 04/24



IML204DG

Conditions
Parameter Symbol T,=-40°Cto 125 °C Min Typ Max Units
(Unless Otherwise Specified)

LED Current Control (cont.)
Minimum Current Source v 120 mA current per string, measured in 300 mv
Compliance Voltage ICC(MIN) analog dimming
LED Detection Threshold Ve 0.1 v
ICC Clamp Voltage VicecLamp) 50 v
Maximum ICC Clamp
Current ICCHV(CLAMP) 4 “A

IICCLEAK(STANDBY) TJ s 85 OC’ VICC < 40 V 1 “‘A
ICC Leakage

L ccieaxistor) Full scale I current < 50 mA, V. =3V 100 HA
I current > 20 mA 3
T,=25°C
LED Current Accuracy I %
CCERRORCED 5mA < I current < 20 mA 10
T,=25°C

Part-to-Part Matching 1 _ICCICUFI:EI';:t g +=15 mfl 4 o
for AVerage Icc current IICCAVG(REL) CCAVG — ( CC1 T _C;:; o CC3 CC4)/ 25 /0
IS Pin Current Gain I ratro) [ =100 mA 320
LED PWM Control
EN Frequency PWM: ance) See Note C 100 27,000 Hz
EN Duty Cycle Range PWM, g unce, M'”'m”"s’eoe”,'\ltc')rt”eec's 48 s 2 100 %
Other Parameters
OTL Shutdown Toror See Note B 125 °C
OTL Hysteresis Tovsr See Note B 50 °C
LED 85% Detection | -, 20 HA
Standby Mode Delay T 15 25 60 ms

NOTES:

STBY

A. The mismatch is calculated using the following formula:

_ (Tyax = Inm)
A= 2 X Ine

% 100%

B. This parameter is derived from characterization.

C. This parameter is guaranteed by design.
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Revision ‘ Notes ‘ Date
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Production release. 12/23

Updated schematics and text. 04/24

For the latest updates, visit our website: www.power.com

Power Integrations reserves the right to make changes to its products at any time to improve reliability or manufacturability. Power Integrations
does not assume any liability arising from the use of any device or circuit described herein. POWER INTEGRATIONS MAKES NO WARRANTY
HEREIN AND SPECIFICALLY DISCLAIMS ALL WARRANTIES INCLUDING, WITHOUT LIMITATION, THE IMPLIED WARRANTIES OF MERCHANTABILITY,
FITNESS FOR A PARTICULAR PURPOSE, AND NON-INFRINGEMENT OF THIRD PARTY RIGHTS.

Patent Information

The products and applications illustrated herein (including transformer construction and circuits external to the products) may be covered by one
or more U.S. and foreign patents, or potentially by pending U.S. and foreign patent applications assigned to Power Integrations. A complete list of
Power Integrations patents may be found at www.power.com. Power Integrations grants its customers a license under certain patent rights as set
forth at www.power.com/ip.htm.

Life Support Policy
POWER INTEGRATIONS PRODUCTS ARE NOT AUTHORIZED FOR USE AS CRITICAL COMPONENTS IN LIFE SUPPORT DEVICES OR SYSTEMS
WITHOUT THE EXPRESS WRITTEN APPROVAL OF THE PRESIDENT OF POWER INTEGRATIONS. As used herein:

1. A Life support device or system is one which, (i) is intended for surgical implant into the body, or (ii) supports or sustains life, and (iii) whose
failure to perform, when properly used in accordance with instructions for use, can be reasonably expected to result in significant injury or
death to the user.

2. A critical component is any component of a life support device or system whose failure to perform can be reasonably expected to cause the
failure of the life support device or system, or to affect its safety or effectiveness.
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