The Future of Analog IC Technology =

MP3384L

50V, 4-String, White LED Driver

DESCRIPTION

The MP3384L is a step-up converter to control up
to 4 white LED strings for LCD backlighting.

The MP3384L employs a fixed-switching frequency
that can be selected from either 625kHz or
1.25MHz. It takes a 3V-to-25V input supply: The
low-end input voltage allows the MP3384L to power
a tablet display from a single battery.

The MP3384L has 4 internal current sources to
independently regulate the current in each LED
string to a value set by an external, current-setting
resistor. It achieves current balance within 2.5%
regulation accuracy between strings. Its low
600mV regulation voltage for the LED current
sources reduces power loss and improves
efficiency.

The MP3384L features multiple protections,
including under-voltage lockout, MOSFET current
limiting, over-voltage protection, open/short LED
protection, and thermal shut-down.

The MP3384L is available in a 3mmx3mm QFN16
package.

FEATURES

Highly Efficient

3V-to-25V Input Voltage Range

50V Maximum Step-Up Voltage

Balanced Driver for 4 WLED Strings

2.5% Current Matching Accuracy Between
Strings

Selectable Switching Frequency: 625kHz or
1.25MHz

PWM Dimming

Programmable Over-Voltage Protection
Under-Voltage Lockout

Open and Short LED Protection

Thermal Shutdown

3mmx3mm 16-pin QFN Package

APPLICATIONS

Notebook Computers

Netbooks and Tablet Computers
Digital Picture Frames
Hand-Held Terminal Displays
Automotive Systems

All MPS parts are lead-free and adhere to the RoHS directive. For MPS green
status, please visit MPS website under Quality Assurance. “MPS” and “The
Future of Analog IC Technology” are Registered Trademarks of Monolithic
Power Systems, Inc.
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mps MP3384L — 50V, 4-STRING, WHITE LED DRIVER

ORDERING INFORMATION

Part Number* Package Top Marking
MP3384LGQ QFN16 (3mm x 3mm) AFZ

* For Tape & Reel, add suffix —Z (e.g. MP3384LGQ-2Z)
PACKAGE REFERENCE

TOP VIEW
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ABSOLUTE MAXIMUM RATINGS @ Thermal Resistance ™ 0,, 6,c

VIN ceeeee et ~0.3V to +30V QFN16 (3mm x 3mm) ......... 60 ......12...°C/W
Vsw, ViEp1 10 VIEDg i, -1V to +50V
; Notes:
- +
All Other Pins .......ccoociviiiiiiiieee 0.3V to 6\(/2) 1) Exceeding these ratings may damage the device.
Continuous Power Dissipation (TA = +25°C) 2) The maximum allowable power dissipation is a function of the
2.1W maximum junction temperature T, max), the junction-to-ambient
DI -: -------------------------------------------------- - o thermal resistance eJA, and the ambient temperature TA. The
Junction Temperature ............................... 150°C maximum allowable continuous power dissipation at any
Lead Temperature .............ccccoceueeeueennene. 260°C ambient temperature is calculated by Po wmax) = (Tu wax)Ta)/6sa.
S -65°C + °C Exceeding the maximum allowable power dissipation will
torage Temperatu re..covennnnn. 65 to +150 cause excessive die temperature, and the regulator will go into
. ax 3) thermal shutdown. Internal thermal shutdown circuitry protects
Recommended Operat'ng Conditions the device from permanent damage.
3) The device is not guaranteed to function outside of its
+ +
Supply.VoItage yIN ......................... : 3V to 2§V operation conditions.
Operating Junction Temp. (T,).-40°C to +125°C 4) Measured on JESD51-7, 4-layer PCB.
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mp5® MP3384L — 50V, 4-STRING, WHITE LED DRIVER

ELECTRICAL CHARACTERISTICS
VN =12V, Vey =5V, Ta = +25°C, unless otherwise noted.

Parameters Symbol | Condition Min Typ | Max | Units
Operating Input Voltage Vin 3 25 V
Supply Current (Quiescent) lq Vin=12V, Ven=5V, no load. 1.8 mA
Supply Current (Shutdown) IsT Ven=0V, V\=12V 2 MA
LDO Output Voltage Voo XET‘ZZHS\QV'N<25V’ 45 | 5 | 55 | vV
VCC High Threshold Ve rising 3 \%
VCC Low Threshold Ve falling 2.2 \%
EN ON Threshold Ven_on | Ven Rising 1.8 V
EN OFF Threshold Ven ore | Ven Falling 0.6 V
STEP-UP CONVERTER
SW On-Resistance Ros on | Ibs=20mA 0.5 Q
SW Leakage Current lsw 1k Vsw=45V 1 MA

L Vosc=Vcc or Floating 1.0 1.25 1.5 MHz
Switching Frequency fsw

Vosc=0V 500 625 | 750 kHz
OSC High-Level Threshold Vosc H 2.1 \
OSC Low-Level Threshold Vosc L 0.8 \Y
Minimum ON Time Ton mn | PWM Mode without Pulse Skipping 100 ns
Maximum Duty Cycle Duax 90 93 96 %
SW Current Limit lsw umir | Duty=90% 1.2 A
COMP Transconductance Geomp | Alcomp=t10pA 100 WAV
COMP Output Current lcomp 60 MA
PWM DIMMING |
PWM High-Level Threshold Vewmi H 1.5 V
PWM Low-Level Threshold Vewm L 0.6 \Y
LED CURRENT REGULATION ] |
LEDx Average Current lLep Riser=60.4kQ 19.4 20 20.6 mA
Current Matching lLep=20mA 2.5 %
gﬂt?i)(r\lgnum LED Current per leoma | Riser=40.2kQ 30 mA
LEDx Regulation Voltage V0 EDX lLep=20mA 600 mV
PROTECTION |
OVP Over Voltage Threshold Vovwe ov | Rising Edge 117 | 1.23 1.3 \Y
OVP UVLO Threshold Vove uv | Step-Up-Converter Failure 48 70 102 mV
LEDx Over Voltage Threshold | Viepx ov | Vin>5.5V 5.1 55 5.9 \
LEDx UVLO Threshold Vieox_wv 135 180 | 235 mV
Thermal Shutdown Threshold Tst 150 °C
'II_':ErrI1:)exr Over-Voltage Fault 13 16 19 ms
Notes:

5) Matching is defined as the difference between the maximum and minimum current divided by 2xaverage current
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MP3384L — 50V, 4-STRING, WHITE LED DRIVER

PIN FUNCTIONS

Pin # Name |Description

1 EN Enable Control Input. Do not float.

2 0SC Switching Frequency Set. When floating or connected to VCC, the switching frequency is
1.25MHz. When connected to GND, the switching frequency is 625kHz.
LED Current Set. Tie a current-setting resistor from this pin to ground to program the

3 ISET . . 1000x1.21V
current in each LED string. | g = —————

Rser
GND Analog Ground.
PWM PWM Input. Controls the PWM-burst-mode dimming frequency and duty cycle.

6 LED1 LED String 1, Current Input. The open-drain output of an internal, dimming-control switch.
Connect the LED String 1 cathode to this pin. If not used, connect Vout to this pin.

7 LED2 LED String 2, Current Input. The open-drain output of an internal, dimming-control switch.
Connect the LED String 1 cathode to this pin. If not used, connect Vout to this pin.

8 LED3 LED String 3, Current Input. The open-drain output of an internal, dimming-control switch.
Connect the LED String 1 cathode to this pin. If not used, connect Vout to this pin.

9 LED4 LED String 4, Current Input. The open-drain output of an internal, dimming-control switch.
Connect the LED String 1 cathode to this pin. If not used, connect Vout to this pin.

10 OVP Over-Voltage Protection. Connect to the tap of a resistor divider to program the OVP
threshold. Triggers OVP protection when Vo,p reaches 1.23V.

11 NC No Connection.

12 PGND | Power Ground.

13 SW Power-Switch Output. Drain of the internal MOSFET. Connect the power inductor and
output rectifier to SW. Vg can swing between GND and 50V.

14 COMP Compensation. Compensates the regulatory control loop. Connect a capacitor or a series
RC network from COMP to GND.

15 Vielo Internal, 5V, Linear-Regulator Output. Powers the internal MOSFET’s gate driver and the
internal-control circuitry. Bypass VCC to GND with a ceramic capacitor.

16 VIN Supply Input. Powers the MP3384L chip. Apply a 3V-to-25V power source. Requires local
bypassing.

Exposed Connect to PGND
Pad

MP3384L Rev. 1.0
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mE® MP3384L — 50V, 4-STRING, WHITE LED DRIVER

TYPICAL PERFORMANCE CHARACTERISTICS

Vin =12V, 10 LEDs in series, 4 strings in parallel, 20mA/string, unless otherwise noted.
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mp5® MP3384L — 50V, 4-STRING, WHITE LED DRIVER

BLOCK DIAGRAM
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Figure 1: Functional Block Diagram
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MP3384L — 50V, 4-STRING, WHITE LED DRIVER

OPERATION

The MP3384L is a step-up converter with
peak-current mode that regulates the LED current
in each of its 4 channels. The block diagram
(Figure 1) illustrates its operation.

Internal 5V Regulator

The MP3384L employs an internal linear
regulator (VCC) to supply the internal MOSFET
gate driver and the internal control circuitry. VCC
drops to OV when the chip shuts down. If VIN is
lower than 5.5V, tie VCC and VIN together. The
MP3384L features under-voltage lockout to
disable the chip until VCC exceeds the UVLO
threshold. UVLO hysteresis is approximately
200mV.

System Startup

When the MP3384L is enabled, the chip checks
the topology connection first. The chip checks for
a Schottky diode on the OVP pin. A Voupe below
70mV disables the chip. The MP3384L then
checks for UVLO and OTP threshold crossings
before an internal soft-start drives the step-up
converter.

For bests results, apply the enable signal after
applying both the input voltage and the PWM
dimming signal.

Step-Up Converter

The MP3384L’s selectable operating frequency
(1.256MHz or 625kHz) optimizes for external
component sizes and efficiency.

When each cycle starts, the MOSFET turns ON
after the internal clock. A stabilizing ramp added
to the output of the current-sense amplifier
prevents sub-harmonic oscillations at duty cycles
greater than 50% before it enters the PWM
comparator. When this summed voltage equals
the error amplifier's output voltage (Vcome), the
MOSFET turns OFF.

The output of the internal error amplifier is the
amplified difference between the 600mV
reference voltage and the feedback voltage. The
converter automatically chooses the lowest active
LEDx pin voltage as the boost-control loop’s

feedback to regulate the output voltage to all the
LED arrays.

If the feedback voltage drops below the 600mV
reference, the output of the error amplifier
increases, increasing the current flowing through
the MOSFET to increase the output power for
closed-loop, output-voltage regulation.

At light-loads or when Vout=VIN , the converter
runs in pulse-skipping mode to turn the MOSFET
on for the minimum ON time (approximately
100ns). Then the converter powers the output in
the remaining time. The MOSFET will remain
OFF until the output voltage requires another
boost.

Dimming Control

The MP3384L provides PWM dimming. PWM
dimming uses the PWM signal to determine the
size of the current signals from each of the 4 LED
channels. The brightness of the LED array is
directly proportional to the duty cycle of the PWM
signal.

Open-String Protection

Open-string protection relies on over-voltage
protection (OVP) to monitor an LEDx pin is pulled
to ground and Vgyr continues to rise until it
reaches the OVP threshold. Then the part records
the LEDx pin voltages less than 180mV before
forcing the remaining LED strings back into tight
regulation. The string with the highest voltage
drop is the reference string during output
regulation.

The MP3384L tries to light at least one string, and
if all strings in use are open, the MP3384L shuts
down the step-up converter. The part retains the
short information until the part shuts down.

Short-String Protection

The MP3384L monitors the LEDXx pin voltages for
LED string shorts. If one or more strings are
shorted, the respective LEDx pin rises to the
boost output and tolerates high voltage stress. If
the LEDx pin voltage exceeds 5.5V, this even is
considered a short string. When a short string
fault continues for more than 1.6ms, the string is
recorded and disabled. Once a string turns OFF,

MP3384L Rev. 1.0
12/27/2013

www.MonolithicPower.com 7
MPS Proprietary Information. Patent Protected. Unauthorized Photocopy and Duplication Prohibited.

© 2013 MPS. All Rights Reserved.



mp5® MP3384L — 50V, 4-STRING, WHITE LED DRIVER

its current regulation is forced to disconnect from
the output voltage loop. The recorded LED strings
remain OFF until the part restarts. If all strings in
use are short, the MP3384L will shut down the
step-up converter.

MP3384L Rev. 1.0 www.MonolithicPower.com 8
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MP3384L — 50V, 4-STRING, WHITE LED DRIVER

APPLICATION INFORMATION

Selecting the Switching Frequency

Set the switching frequency to either 625kHz or
1.25MHz. A bi-level switching-frequency-select
(OSC) input sets the internal oscillator frequency
for the step-up converter. When the OSC pin
connects to GND, the switching frequency is
625kHz. When OSC is left floating or connected
to VCC, the frequency is 1.25MHz.

Setting the LED Current

The LED string currents are identical and set
through the current setting resistor on the ISET
pin.

- 1000x1.21V

| =
LED R
SET

For Rse7=60.4kQ, the LED current is 20mA. Do
not leave the ISET pin floating.

Setting Over-Voltage Protection

Over-voltage protection (OVP) implements
open-string protection. In some cases, an LED
string failure results in a feedback voltage of OV.
The part keeps boosting Vout, until it reaches the
programmed OVP threshold. Then the chip stops
boosting Vout.

To ensure that the chip functions properly, select
an appropriate OVP resistor divider value. The
recommended OVP point is about 1.3 times Vout
for normal operation.

Voue =123V 2R

PWM Dimming Mode

The MP3384L provides PWM dimming through
an external PWM signal.

Apply a PWM dimming signal ranging from 100Hz
to 2kHz to the PWM pin. The minimum
recommended amplitude of the PWM signal is
1.5V (See Figure 2).

il

VvCC

PWM Dimming_l—\_,_‘_c PWM
100Hz~2kHz
MP3384L

Figure 2: PWM Dimming

Selecting the Inductor

A 22uH (for 1.25MHz) or 47uH (for 625kHz)
inductor with a DC current rating at least 40%
higher than the maximum input current is
recommended for most applications. For highest
efficiency, minimize the inductor’s DC resistance.

Selecting the Input Capacitor

The input capacitor reduces the surge current
drawn from the input supply and the switching
noise from the device. The input capacitor
impedance at the switching frequency should be
less than the input source impedance to prevent a
high-frequency, switching current from passing
through the input. Use ceramic capacitors with
X5R or X7R dielectrics because of their low ESR
and small temperature coefficients. For most
applications, a 4.7uF capacitor is sufficient.

Selecting the Output Capacitor

The output capacitor reduces the output voltage
ripple and ensures feedback loop stability. The
output capacitor impedance should be low at the
switching frequency. Ceramic capacitors with
X7R dielectrics are recommended for their low
ESR characteristics. For most applications, a
2.2uF ceramic capacitor is sufficient.

MP3384L Rev. 1.0
12/27/2013
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mE® MP3384L — 50V, 4-STRING, WHITE LED DRIVER

Layout Considerations

Careful attention must be paid to the PCB board
layout and components placement. Proper layout
of the high frequency switching path is critical to
prevent noise and electromagnetic interference.
High-frequency pulse current flows through the
loop: MP3384L SW to PGND pin (U1), output
diode (D1), and output capacitor (C3), The loop
path must be as short as possible (See Figure 3).

|
I BEl e

o2lllS:E

E!E l lC4I

I_"“-I W W R I

Figure 3: Example Layout

The exposed pad connects internally to the GND
pin, and all logic signals refer to GND. Externally
connect PGND to GND, and placed far from the

logic signals.
——————————— — —— — ——— — ———————————— —————— ———— ———————— ———— ———————— — ]
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mp5® MP3384L — 50V, 4-STRING, WHITE LED DRIVER

TYPICAL APPLICATION CIRCUIT

c1 L1 D1 c3 10 LEDs in series 4 strings
3V-25V F1 4.7uF/50V 22uHMA DFLS160 2.2uF/50V 20mA/string
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Figure 4—Driving 10 LED in Series and 4 String LED Application Circuit
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PACKAGE INFORMATION
QFN16 (3X3mm)
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NOTICE: The information in this document is subject to change without notice. Users should warrant and guarantee that third
party Intellectual Property rights are not infringed upon when integrating MPS products into any application. MPS will not
assume any legal responsibility for any said applications.
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