The Future of Analog IC Technology =

MP4013B

High-Brightness, High-Current Accuracy

WLED Controller

DESCRIPTION

The MP4013B is a current mode controller
designed for driving the high brightness Light
Emitting Diodes (LEDs) with wide supply
voltage 8V-26V. It can be used in both Boost
and SEPIC topologies.

The MP4013B drives external MOSFET with
fixed frequency architecture to regulate the LED
current, which is measured through an external
current feedback resistor. The switching
frequency can be programmed to meet kinds of
applications. The cycle-by-cycle current limit
can be programmed by the sense resistor on
CS pin.

The MP4013B integrates a 600mV reference
voltage for LED current feedback with +1.2%
accuracy; a 5V reference voltage with +1%
accuracy for the reference voltage for external
circuit.

The MP4013B implements both DC input
analog dimming and pulse signal input analog
dimming function. The amplitude of the LED
current could be controlled either by the level of
a DC input signal or by the duty cycle of a pulse
signal. The MP4013B also employs fast and
deep PWM dimming to the LED current with
high dimming ratio.

MP4013B integrates Under-Voltage Lockout,
Over Voltage Protection, Over Current
Protection, Short LED Protection, Short Output
Protection, Short Inductor/diode Protection and
OTP. The fault indicator is pulled low in fault
condition.

The MP4013B is available in SOIC-16 package.

FEATURES
e Constant-current WLED Driver
e 600mV Feedback Voltage with £1.2%

Accuracy

8V-26V Input Voltage

Programmable Switching Frequency
Leading Edge Blanking for Current Sense
High Dimming Ratio Fast PWM Dimming
DC Input or Pulse Signal Input Analog
Dimming

5V Reference Voltage with +1% Accuracy
External PWM Dimming MOS Driver
Programmable Input Bus Voltage UVLO
Soft Start @ Any Startup Condition

Over Voltage Protection

Short LED Protection

Short Output Protection

Over Current Protection

Short Inductor/Diode Protection

Fault Indicator

VIN UVLO

Thermal Shutdown

Available in SOIC-16 package

APPLICATIONS

LCD Backlighting applications
DC/DC LED Driver applications
General lllumination

Industrial Lighting

Automotive/ Decorative LED Lighting

All MPS parts are lead-free, halogen 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.

MP4013B Rev. 1.01

www.MonolithicPower.com 1

12/8/2016 MPS Proprietary Information. Patent Protected. Unauthorized Photocopy and Duplication Prohibited.
© 2016 MPS. All Rights Reserved.



me

MP4013B— HIGH-BRIGHTNESS, HIGH-CURRENT ACCURACY WLED CONTROLLER

TYPICAL APPLICATION
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mP MP4013B— HIGH-BRIGHTNESS, HIGH-CURRENT ACCURACY WLED CONTROLLER

ORDERING INFORMATION

Part Number* Package Top Marking
MP4013BGS SOIC-16 See Below

* For Tape & Reel, add suffix —-Z (e.g. MP4013BGS-2);

TOP MARKING

MPS LYWW
MP4013B

LLLLLLLLL

MPS: MPS prefix:

YY: year code;

WW: week code:

MP4013B: product code of MP4013BGS;
LLLLLLLLL: lot number;

PACKAGE REFERENCE

TOP VIEW
vIN 1] © [16] EN/'SYNC
FAULT [2] [ 15] ovP
GATE [3] 4] FB
uvLo 4] [13] comp
GND 5] [12] ADIM
cs 6] [11] ADIM_P
RT [Z] [10] DIMO
REF 8] 9] PwM
MP4013B Rev. 1.01 www.MonolithicPower.com 3
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MP4013B— HIGH-BRIGHTNESS, HIGH-CURRENT ACCURACY WLED CONTROLLER

. 4)
1 Thermal Resistance !
ABSOLUTE MAXIMUM RATINGS fhormal Resistance ™ O O
VN, VEN, VADIM_P ................................. -0.3V to 28V T
VFAULT ................................................ -0.3V to 26V Notes:
V GATE, VDIMO - eerernietieiiieeireeeeeeereeeeanns -0.3V to 19V 1) Exceeding these ratings may damage the device.
All Other Pins -0.3V to 6.5V 2) The maximum allowable power dissipation is a function of the
L Tt ’ 'o maximum junction temperature T, (MAX), the junction-to-
Junction Temperature ............................. 150°C ambient thermal resistance 6,4, and the ambient temperature
o Ta. The maximum allowable continuous power dissipation at
Lead. Temperature............... ..................... 2((23)0 C amy Bmbiont temporature ié calculated by Po (MAX) o (T
Continuous Power Dissipation (Ta = +25°C) (MAX)-Ta)/8,a. Exceeding the maximum allowable power
SOIC16 1.56 W dissipation will cause excessive die temperature, and the
""""""""""""""""""""""""" ' regulator will go into thermal shutdown. Internal thermal
. iys 3 shutdown circuitry protects the device from permanent
Recommended Operating Conditions ) damage.
IN Supply Voltage VIN ... 8V 1026V  3) The device is not guaranteed to function outside of its
. - ° ° operating conditions.
Operating Junction Temp. T,....... -40°C to +125°C 4) Measured on JESD51-7, 4-layer PCB.
MP4013B Rev. 1.01 www.MonolithicPower.com 4
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MP4013B— HIGH-BRIGHTNESS, HIGH-CURRENT ACCURACY WLED CONTROLLER

ELECTRICAL CHARACTERISTICS

Vin =24V, Ta= +25°C, unless otherwise noted.

Parameters Symbol |Condition Min | Typ | Max | Units
Operating Input Voltage VN 7.6 26 Vv
Supply Current (Quiescent) lo Veg=1V 1.1 1.3 | mA
VIN Under Voltage Lockout Vinuvio | Vin Rising 6.7 71 7.5 \%
VIN Under Voltage Lockout Hysteresis VIN-HYS 320 | 395 | 470 | mV
Feedback
FB Feedback Voltage Ves 593 | 600 | 607 | mV
FB Input Current lrg Veg=600mV -0.1 0.1 MA
Reference
Reference Voltage VRer 4.95 5 5.05 \Y
Reference Line Regulation VREFLINE ?/.,:,LJSF-SX\SaSS capacitor, lrer=0 0 25 | mV
Reference Load Regulation VREFLOAD 0.1 “_F bypass capacitor, 0 50 mV
Irer=0-500uA
UVLO
UVLO Threshold Vuwo |UVLO Rising 225 | 2.37 | 249 \%
UVLO Hysteresis VuvLo-HYs 110 160 | 210 mV
UVLO pin Leakage Current luvio -1 1 uA
Oscillator
Oscillator Frequency fosc1 Rr=100kQ 510 | 590 | 670 | kHz
Oscillator Frequency fosco R=499kQ 112 | 130 | 148 | kHz
Maximum Duty Cycle Dmax R=499kQ 95 97.5 %
GATE
GATE High Threshold VeatE 12 13 13.8 \%
GATE Output Rise Time Trise Ceate=1nF 40 ns
GATE Output Fall Time TraLL Ceate=1nF 40 ns
GATE Source Current® loateso | Veare=0V 1.5 A
GATE Sink Current® leate-st | Veare=13V 0.7 A
Enable
EN High Threshold VEN-HI Ven Rising 1.5 \Y
EN Low Threshold Veno | Ven Falling 0.8 \Y
EN Input Current len Ven=3.3V 3 4 MA
PWM Dimming
PWM High Threshold Vewmi-n | Vemw Rising 1.5 \%
PWM Low Threshold Vewmito | Vemw Falling 0.8 \%
PWM Pull-down Resistance Rpwm 1 MQ
MP4013B Rev. 1.01 www.MonolithicPower.com 5
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mP MP4013B— HIGH-BRIGHTNESS, HIGH-CURRENT ACCURACY WLED CONTROLLER

ELECTRICAL CHARACTERISTICS (continued)

Vin =24V, T, = +25°C, unless otherwise noted.

Parameters ‘ Symbol ‘Condition ‘ Min ‘ Typ ‘ Max ‘ Units

DIMO

DIMO High Threshold Vomo | Vin=24V 128 | 13.3 | 13.8 \Y

DIMO Source Current®® lomo-so | Voimo=0V 0.1 A

DIMO Sink Current® lomo-si | Vomo=13V 0.2 A

Analog Dimming

Maximum Analog Dimming Threshold V ADMAX 225 | 234 | 243 \Y
Vapin=24mV 9.8 mV
Vapoin=100mV 28.4 mV

Dimming Linearity Vrg_ADIM Vao=240mV 63.3 mv
Vaoim=480mV 123.3 mV
Vaoim=720mV 183.3 mV

ADIM_P High Threshold VADIM PHI 1.5 Y

AD'M_P Low Threshold Vabim PLO 0.8 V

ADIM_P Pull Down Resistor Rapiv P 1 MQ

ADIM_P Floating (when the voltage

high than this level, IC take it as no| Vapm_ pr 6 6.45 6.9 \Y

pulse signal applied)

Current Sense

Current Limit Value Ve Duty=0 435 485 535 mV

OCP Detect Voltage Vocp Over Current Protection 490 mV

Leading Edge Blanking Time TeLANK 100 180 250 ns

Compensation

Transconductance of Error Amplifier Gea 280 370 | 460 | pANV

Maximum Sourcing/Sinking Current lea 80 MA

Soft Start Current Iss Vee<0.8*IREF 15 22 30 MA

'IE')ng::CJg; COMP Saturated Protection oo 2048 cycle

Over Voltage Protection

OVP Threshold Vovp-TH 49 5 5.1 \Y,

OVP Threshold Hysteresis Vovp.HYs 440 mV

SCP Protection Threshold Vovp-scp 250 300 | 350 | mV

Output Short Protection

FB Short Protection Threshold 115 1.22 | 1.29 \%

Propagation time for short circuit Tore FB=1 .3V, FAULT goes form 1.4 2 us

detection high to low

Thermal Shutdown © 160 °C

Notes:

5) Guaranteed by design

MP4013B Rev. 1.01 www.MonolithicPower.com 6
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mP MP4013B— HIGH-BRIGHTNESS, HIGH-CURRENT ACCURACY WLED CONTROLLER

TYPICAL PERFORMANCE CHARACTERISTICS
VIN=24V, Otherwise noticed.

Quiescent Current vs. T FB Voltage vs. T, Reference Voltage vs. T
1.30 607 5.05
1.25 605
1.20 5.03
603 \
~ 115 < S
< "o 2 5.01
E 110 - — ] ‘E;, d \ /—\ ‘E’h \ —\
o / L 509 = v ~
1.05 > 499 A"
1.00 /[ 597 g \ /
/ 497
0.95 505
0.90 ! 503 495
-50 0 50 100 150 -50 0 50 100 150 -50 0 50 100 150
T, (°C) T, (°C) T, (°C)
Current Limit Threshold Switch Frequency vs. T Maximum Duty vs. T,
vs. Ty R7=499kQ R;=499kQ
0.5 130 100
< 049 128 98
[ \ /_— - = gy, S
= \ g N / &
I 048 T 126 —~—— 7 % 96
= o / S
1] [a
T 047 124 7 94
]
1)
0.46 122 92
! 90
0435, 0 50 100 150 1205, 0 50 100 150 -50 0 50 100 150
T, (°C) T,(°C) T, (°C)
Analog Dimming VIN UVLO Rising Thrshold UVLO Rising Threshold
High Threshold vs. T, vs. Ty vs. Ty
245 7.30 2.40
2.4 2.
s 7.20 38
> <)
5 237 5 S 238 \\
3 2 7.10 s —
a - 2 e ——
7.00
2.29 2.32
2.25 6.90 2.30
-50 0 50 100 150 -50 0 50 100 150 -50 0 50 100 150
T,(°C) Ty (°C) T,(°C)
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mP MP4013B— HIGH-BRIGHTNESS, HIGH-CURRENT ACCURACY WLED CONTROLLER

TYPICAL PERFORMANCE CHARACTERISTICS
VIN=24V, Otherwise noticed.

UVLO Hysteresis vs. T, OVP Rising Threshold OVP Hysteresis vs. T,
vs. Ty
180 5.15 450
170 510
P - 440
—~ 160
€ / 5.05 2 =
E 150 7 s E 430
[ ~ »n
Z 140 g 5.00[ <~ =
S 130 > ~ g 420
2
b 4.95 >
120 4.90 410
110 .
100 ! 4.85 400
-50 0 50 100 150 -50 0 50 100 150 -50 0 50 100 150
T, (°C) T,(°C) T,(°C)
FB Short Protection SCP Threshold vs. T,
Threshold vs. T
1.30 0.32
1.27
. 0.31
S =
E 1.24 2%
2 ? 0.30 [= —
@ 121 = i 2
>
118 0.29
1.15 ‘ 0.28
-50 0 50 100 150 -50 0 50 100 150
T,(°C) T,(°C)
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TYPICAL PERFORMANCE CHARACTERISTICS

MP4013B— HIGH-BRIGHTNESS, HIGH-CURRENT ACCURACY WLED CONTROLLER

PVIN(bus V°|tage)=36V, VIN(K; supply)=12v; VLED=150V5 I._ED=240mA, fs=100kHZ, L=330|JH Otherwise
noticed.
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mP MP4013B— HIGH-BRIGHTNESS, HIGH-CURRENT ACCURACY WLED CONTROLLER

TYPICAL PERFORMANCE CHARACTERISTICS

PVIN(bus V°|tage)=36V, VIN(|c supply)=1 ZV, VLED=1 50V, I._ED=240mA, fs=1 18kHZ, L=330|.|H Otherwise
noticed.

Steady State EN On EN Off
Vsw ﬂ H ﬁ H FL Vsw Vs
100V/div. T ) ‘ ‘ 100V/div. T 100V/div.
VGaTE VEN £ o i e VEN
10V/div. 2f* ' ' ' ’ 5V/div. 2 A SRR AR (RS NS SN 5V/div. [2
Vout Veome - Veomp
100V/div. B} AR A : N 1V/div. 8= 1V/idiv. B
b - 4 3 4
L ILep S : Co ILep
1A/div. L - " - - 200mA/div.@ e e 200mA/div. 8 e n
4ps/div. 2ms/div. 100ps/div.
PWM Dimming DC input Pulse-input
fPwm=200Hz Analog Dimming Analog Dimming
A i —r— T
Vsw Vsw H T ﬂ H Vsw : :
100Vidiv. " 100V/div, Tf= : v - T oy 100V/div, [Tpiss mmbsie i e
VoM il b i VapiM Lo L VApIM P
5Vidiv. * o FE R 1V/div. 2 R R 5vidiv. Bf
Voyt : : : Vout : : Vour
100Vidiv, Bf 1ottt 100V div, B Do : 1 100vidiv. B}
heosf . - e I gf : : L) ‘ ;
200mA/div. - 1A/div. — — 1A/div. -
2ms/div. 4ps/div. 20us/div.
OovP SLP Short LED-to GND
Vsw | : ‘ ‘ Vsw H Vsw
10ovidv. I ' "1 oovidiv. O 5 100v/div. "
VEauLT R A VEauLT e I VEAuLT e .
2Vidiv. 7 W ...__ JR P ,..._ 2V/div. * : A : : 2Vidiv. ¢ [ s
Vo|_|'|' VOUT VCOMP
: : : 4 : B : : 4 : : : . ‘-
ILep : : 5 IsHORT : : : ISHORT ; .
200mAldiv.»I EE— s 10A/div. L i ZOOmNdiv.m y =
100ms/div. 4ps/div. 10ms/div.
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mP MP4013B— HIGH-BRIGHTNESS, HIGH-CURRENT ACCURACY WLED CONTROLLER

TYPICAL PERFORMANCE CHARACTERISTICS

PVIN(bus V°|tage)=36V, VIN(|c supply)=12v; VLED=150V5 I._ED=240mA, fs=100kHZ, L=330|JH Otherwise
noticed.

Short Inductor Short Diode Short to GND

Vsw . . ' Vsw
100V/div, T orsaim! sl bR q00vrdiv, T

Vsw 3
50V/div.

VoS b e o E TR e
1V/div. B (TR RSHE SRS 2V/div. E gt LT o

Phesieepsy d : L P P VCOMP j
Veomp Do : : Vcomp : Do oo :

I - : 5 1 shortolb S CURL T s00mVidiv. _
1(8)221?.@ e EEEE— 10A/dly, e T Isort Pt x
20ps/div. 20ps/div. 10A/div. 40ps/div.
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MP4013B— HIGH-BRIGHTNESS, HIGH-CURRENT ACCURACY WLED CONTROLLER

PIN FUNCTIONS

Pin # Name |Pin Function
1 VIN Input Supply Pin, 8-26V. It is the input of internal linear regulator. Must be locally
bypassed.
2 FAULT Fault Indication Output Pin, open drain. FAULT is high-Z during normal operation, and
pulled to GND when fault is triggered.
3 GATE |External MOSFET Gate Driver Pin.
4 UVLO |Input Voltage Bus UVLO Pin. A voltage higher than UVLO threshold (2.37V) to enable IC.
5 GND Ground.
Switch Current Sense Input Pin. It is used to sense the current of the external power FET.
6 CSs . o o : e R .
It integrates a built-in blanking time to avoid switching noise interruption.
7 RT Switching frequency set Pin. A resistor connected between this pin and GND sets the
frequency.
8 REF Reference Output Pin. 5V reference voltage with +1% accuracy. Must be locally
bypassed.
PWM Dimming Input Pin. Apply a PWM signal on this pin for brightness control. The
9 PWM GATE and DIMO are disabled when PWM signal is low. The GATE and DIMO are
enabled when PWM signal is high.
External Dimming MOS Driving Signal Pin. This pin is pulled down to GND when the
10 DIMO . . N
PWM signal is Low, or the protection is triggered.
Pulse signal Input Analog Dimming Input Pin. Apply a high-frequency pulse signal on this
11 ADIM_P |pin while doing pulse signal input analog dimming. Pull this pin high (>6.9V) to disable the
pulse-signal-input analog dimming function.
Analog Dimming Input Pin. Apply a DC voltage from 0 to 2.34V to adjust the amplitude of
LED current from minimum to full scale to implement the DC analog dimming function.
12 ADIM : o . ) : . A
Place a capacitor on this pin while doing pulse signal input analog dimming. Keep the
voltage of this pin higher than 2.43V when analog dimming is not required.
Compensation Pin. This pin is used to compensate the regulation control loop. Connect a
13 COMP capacitor or a series RC network from COMP to GND. COMP pin is also used for soft
start. At IC start up, the internal error sourcing/sinking current is limited until the output
current reaches 80% of setting current.
Feedback Input Pin. 600mV internal feedback voltage. Connect a current sense resistor
14 FB from FB to GND. The FB voltage is higher than 1.22V for 1us, the short load protection is
triggered, and IC latch off.
Over Voltage Protection Input Pin. Connect a resistor divider from output to this pin to
15 OVP program the OVP threshold. When the voltage of this pin reaches 5V, the MP4013B
triggers over voltage protection.
Enable/Switching frequency Synchronization Pin. A high level to enable the IC. Apply a
16 EN/SYNC |high frequency (>40kHz) pulse signal on this pin, the switching frequency can be
synchronized.

MP4013B Rev. 1.01

12/8/2016
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MP4013B— HIGH-BRIGHTNESS, HIGH-CURRENT ACCURACY WLED CONTROLLER

OPERATION

MP4013B drives external MOSFET with current
mode architecture to regulate the LED current,
which is measured through an external current
sense resistor.

MP4013B employs a special circuit for regulating
the internal power supply, which covers a wide
input voltage from 8V to 26V. MP4013B has a 5V
reference with +1% accuracy, which is used as
the reference of external circuit.

The switching frequency of MP4013B can be
programmed through the resistor between RT pin
and GND to meet variable specifications.

VIN

The slope compensation is integrated to avoid
sub harmonic resonant when duty cycle is
greater than 0.5. The cycle-by-cycle current limit
can be programmed by the sense resistor on CS

pin.

MP4013B implements both DC input analog
dimming and pulse signal input analog dimming.

MP4013B integrates Under-Voltage Lockout,
Over Voltage Protection, Over Current Protection,
Short LED protection, Short Circuit Protection,
Short Inductor/diode Protection and OTP.

Internal
] Reference |
&

JuvLo

; Regulator

EN/SYNC [}
VREF

UVLO &
Thermal

JFAULT

“h

COMP
SATURATE

orver —{ |GATE

= COUNTER =

J_ LI Sync
g 1r:::eefrr1]r?(l:y
apim_FL H ADIM ln
1
ADIML
L EE {>_’ }
T rell /
COMP[ ]}
CS[]— LEB

SLOPE

5[]— OSC > COMPESNA
L

J[:l GND

LOGIC

DRIVER —{ :lDlMO

I [ 1PwWM

] ovP
5V

Figure 1: Functional Block of MP4013B
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Soft Start
MP4013B implements soft start by limiting the

current of the internal error amplifier when startup.

The COMP is firstly jump to its clamp voltage
(~0.3V), and then the sourcing/ sinking current of
the internal error amplifier is limited to charge up
external COMP capacitor. IC is always in soft
start mode until the output current reaches 0.8 of
the setting value to achieve the soft start.

The soft start process is showing the figure 2,
note that the VIN UVLO, UVLO and EN get the
same priority to ensure the soft start at any
startup condition.

A
| | |
VINUVLO |- — <~ : :
| | | -
VIN T T >
(IC Supply) | | |
[ |
I | I I
UVLO - ! >
(Power Supply| | | |
| 1
| |
| | >
EN | | >
| |
| | |
| | |
COmMP — : >
| | |
08%lep === —— — — — =
[ /
ILED — ' >
l—

Soft Start

Figure 2: Soft Start Process
Analog Dimming

MP4013B implements DC input analog dimming
and pulse signal input analog dimming.

For DC input analog dimming, apply a DC
voltage from 0-2.34V on ADIM pin to linearly
adjust internal LED current reference voltage
from minimum to the maximum value.

For pulse-signal-input analog dimming, place a
capacitor on the ADIM pin and apply a pulse
signal (>10 kHz recommended) on ADIM_P pin.
This external pulse signal is adjusted internally
and forms an internal pulse signal with the same
duty and internal reference amplitude. Through
an R-C filter, the average voltage of this internal
pulse signal is gotten on ADIM pin. Adjust the
duty cycle of the pulse signal on ADIM P to

adjust the voltage on ADIM pin and realize the
pulse signal input analog dimming.

Pull ADIM_P high (>6.9V) to disable the pulse-
signal-input analog dimming.

Connect ADIM pin to 2.43V or higher, if neither
analog dimming or pulse-signal-input analog
dimming is not used.

MP4013B

ADIM_P
—

I o

100k

ADIM

L]
! p—

FB & -

+ +

COMP

Figure 3: Analog Dimming Functional Block
PWM Dimming

PWM dimming can be achieved by applying a
PWM signal on PWM pin. When the PWM signal
is high, the GATE and DIMO outputs are enabled,
and the output of the internal error amplifier is
connected to the external compensation network.
So the LED current is regulated accurately.
When the PWM signal goes low, the GATE
signal is disabled, and the DIMO pin is pulled
down to GND to turn off the external dimming
MOSFET. Meanwhile, the output of the internal
EA is disconnected from the compensation
network. Thus, the COMP voltage will be held by
the external capacitor. And the dimming
MOSFET can prevent the output voltage from
being discharged, which helps to achieve the
high-speed and deep-ratio PWM dimming with
better linear dimming performance.

To avoid the LED flicker in small ratio PWM
dimming such as 0.1% PWM dimming duty, the

MP4013B Rev. 1.01
12/8/2016
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MP4013B— HIGH-BRIGHTNESS, HIGH-CURRENT ACCURACY WLED CONTROLLER

oscillator is synchronized by the PWM dimming
signal.

Protection

MP4013B includes Under-Voltage Lockout, Over
Voltage Protection, Short Load Protection, Short
Circuit Protection, Over Current Protection and
Short Inductor/diode Protection. If the fault
conditions are detected, the Gate, DIMO, COMP
and Fault pins are pulled down.

A Under Voltage Lockout

MP4013B integrates VIN UVLO. The internal
circuit does not work until the VIN voltage
reaches 7.1V. The hysteresis of VIN UVLO is
395mV.

B. Over Voltage Protection

The Over Voltage Protection is detected by the
voltage of OVP pin. When the OVP voltage rise
to its high threshold, the over voltage protection
is triggered. The GATE, DIMO, COMP and Fault
pin are pulled down. After the OVP voltage
decreases to its low threshold, the IC tries to
recover.

C. Short Load Protection

In short load condition, a large short current will
be detected by FB sense resistor. If the FB
sensed voltage is higher than 1.22V for 1.4us,
the Short Load Protection is triggered, IC latch off,
and FAULT pin pulls to low.

D. Short Circuit Protection

When short circuit at normal operation, the output
voltage is pulled low and no current is sensed on
FB pin. If the conditions OVP<300mV,
FB<0.3xIREF, COMP>1V are satisfied, the
protection is triggered and IC latch off.

Fig 5 shows another circuit for the short circuit
protection. It uses a PMOS for PWM dimming
and also for short circuit protection. When LED+
is shorted to GND, the MP4013B disables the
output of DIMO, and the PMOS is disconnected.

Vin L1 D1 M2

. YN :
T B T ir
C RIS ol [
3
I m 3 Cour
MP4013B I: RZ:E
- S
i b3
3 H

GATE

cs
3 Ros
r GND 9
v
ovP

r COMP

I DIMO

FB

P

R f

Figure 4: Short Circuit Protection Scheme

E. Over Current Protection (Short Inductor/
Diode Protection)

MP4013B implements cycle-by-cycle current limit
function for protection. In normal operation
caused by over load and lower input voltage, the
over current protection can be recoverable.

In some unexpected cases, like inductor or diode
short cases, when the voltage of CS pin which is
detected by external CS sense resistor hits latch
off current limit value within mini-on time (around
300ns) for 7 consecutive cycles, the Over
Current Protection is triggered, IC latch off.

F. LED- to GND Short Protection

In LED- to GND short condition, FB pin sense no
current that makes the COMP charge to its
saturated value. When COMP keeps saturated
for 2048 switching cycles and FB is below 30% of
internal IREF, protection is triggered, IC latches
off.
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APPLICATION INFORMATION

LED Current Setting
The LED current is set by LED current sense
resistor (Rg).

600mV
RFB =

ILep

Switching Frequency Setting
The switching frequency is set by an external
frequency resistor on RT pin.
4
RT(kQ)ZM—15 6

fs(kHz)
Set switching frequency to 100 kHz, a 664kOhm
resistor is needed.

Selecting Inductor
Select the inductor to make the circuit work in
CCM (Continuous Conduction Mode).

L= Vinx (Vo — Vi)
Vo x AlLx fs

Where, Al_is the peak-to-peak current of inductor
current. Design the A I 30% to 60% of inductor
average current.

Vo xILep

IL_ave=
IN

Make sure the inductor saturated current is greater
than the inductor peak current.

1
IL_pxk=IL avet+—AlL

Current Sense Resistor Setting

The cycle-by cycle current limit and slope
compensation are both integrated. The current
limit value can be programmed by the external
CS resistor which connects from CS pin to GND.
The maximum value of CS sense resistor can be
set as follow:
0.435-0.27 xD
IL_pk

The D is duty cycle of GATE signal, in CCM,

D=1-

Vo

The I_pk is the peak current of inductor. The
slope compensation is integrated to avoid sub-

Res1(Q) =

harmonic resonant when duty is larger than 0.5 in
CCM. The following must be satisfied.

L(uH)xfs(kHz) s

Res2(Q2) =5.4 Vi(V)

Where, V_ is the voltage across the inductor at
GATE off.

VL(V) = Vomax— ViNmin

The CS resistance must be smaller than Rc¢sq and
RCSZ

Over Voltage Protection Setting

Choose a voltage divider (R1, R2 in typical
application) to set the over voltage protection
threshold:

v, —5vxRIFR2

Normally set the OVP point 10%-20% higher
than normal operation output voltage.

Bus Voltage UVLO Setting

Choose a voltage divider (R3, R4 in typical
application) to set the Input Bus Voltage UVLO
point

R3 + R4
V =237V x—
UvVLO X R3
Normally, set the Bus voltage UVLO point about
10%-20% lower than minimum input bus voltage.

Selecting MOSFET and Diode

There are 2 MOSFET for MP4013B applications.
One is for boost converter, the power MOSFET;
and the other is for PWM dimming, the dimming
MOSFET.

Choose the power MOS with voltage rating at
least 20% higher than OVP voltage to ensure the
safety in all condition. The RMS current of the
MOSFET can be calculated as follow.

|RM8=\/D x (IL_ave® +iA|L2)
12

Choose the dimming MOS with the voltage rating
20% higher than OVP voltage, and the current
rating is about 3-5 of LED current.
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Choose the diode with voltage rating greater than
OVP point, at least 20% higher than OVP point,
and the current rating greater than LED current.

Selecting Input Capacitor

The input capacitor reduces the surge current
drawn from the input supply and switching noise
from the device. Use ceramic capacitor with X7R
dielectrics with low ESR and small temperature
coefficients.

Select a capacitor to limit the input voltage ripple
AV to less than 5% to 10% of its DC value.

AlL
8 x AViNnx fs

Selecting Output Capacitor

Cn>

The output capacitor limits the output voltage
ripple A Vo (normally less than 1% to 5% of its
DC value), and ensure feedback loop stability.

lLeo x (Vo - ViN)
AVo xfsx Vo

Compensation Network Setting

Court >

The MP4013B implements peak-current-mode
control to regulate the LED current through a
compensation network on COMP pin. Usually a
RCC network is adopted for most applications, as
showing in Figure 5.

§ MP4013B
FB

600m

Figure 5: Compensation Network

The transfer function of the compensation
network is (assume Cz>>Cp):

Gea xRrs 1
x x
Rre+Riep aAc sxCz

EA(s) ~ 1+sxCzxRcowmp

1+ sx Cp x Rcowmp

Where, Gga is the transconductance of internal
error amplifier. Gga=370uA/V. Rep ac is the

dynamic resistor of LED load, which can be gotten
from

AVLeED

AlLep

RLep_ac=

The zero of compensation network is
1

271 x Cz x Rcowmp

fz Ea=

The pole of this compensation network is

1
271 x Cp x Rcowmp

fr EA=
The power stage of boost converter is
1
Vo
21 x (—//(Reep _ac + Rrs))x Cour

ILep

fe_ps=

Where, Vo is output voltage, | ep is LED current,
Cout is output capacitance. The right-half-plane
(RHP) zero of boost converter stage is:

(1-D)? ><E

ILeD

2nxL

Choose the cross frequency fc below 1/3 of frup 2
to get the Rcomp value as follow.

frup Zz=

Riep actRre  fecx Cout x 21

Rrs Geax(1-D)x Ges

Where, Ges is conductance of CS circuit.

Rcomp=

The zero of the compensation network is to
compensate the power-stage pole.

1

21 x frs_pxRcowmp

Cz=
The pole of the compensation network is to

compensate the RHP zero.
1

271 x frRHp _z x Rcowmp

Ce=

Gate Drive Design

A 10-20 Q gate resistor is recommended as
following figure.
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_K_
GATE — & \\—o—|

Figure 6: Gate Drive w/ Resistor

TYPICAL APPLICATION CIRCUIT

L1
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GND = AP18N20GR I
PGAD R4 =
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15 R5 931 ~ M2
o R16 2K 1
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PACKAGE INFORMATION
SOIC-16
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_____________ o __ |8y | esy . _ _ _ _ _ [ o023
PIN 11D —| 0.157 0.244 . (5.40)
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TOP VIEW RECOMMENDED LAND PATTERN

Foosssy /[
0.053(1.35 / \
IR R/ — )\
=1 SEATING PLANE \ ; ¥ 0.0075(0.19)
\ , T 0.0098(0.25)
0.013(0.33 0.050(1.27) |_0.004(0.10) SN -
0.020(0.51) BSC 0.010(0.25) SEE DETAIL "A"

FRONT VIEW SIDE VIEW

NOTE:

0.010(0.25) . 4.0
0.020(0.50) 1) CONTROL DIMENSION IS IN INCHES. DIMENSION IN

BRACKET IS IN MILLIMETERS.
GAUGE PLANE 2) PACKAGE LENGTH DOES NOT INCLUDE MOLD FLASH,
0.010(0.25) BSC PROTRUSIONS OR GATE BURRS.
3) PACKAGE WIDTH DOES NOT INCLUDE INTERLEAD FLASH

OR PROTRUSIONS.
ﬁ 4) LEAD COPLANARITY (BOTTOM OF LEADS AFTER FORMING)
0.016(0.41) SHALL BE 0.004" INCHES MAX.
0.050(1.27) 5) DRAWING CONFORMS TO JEDEC MS-012, VARIATION AC.
6) DRAWING IS NOT TO SCALE.

DETAIL "A"

NOTICE: The information in this document is subject to change without notice. Please contact MPS for current specifications.
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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