MP24881

60V, 1.1A, Synchronous
Step-Down LED Driver with

PWM and Analog Dimming Function

DESCRIPTION

The MP24881 is a 60V, monolithic,
synchronous step-down LED driver with an
integrated N-channel MOSFET and rectifier. It
delivers up to 1.1A of continuous LED current
(I.ep) to high-power LEDs. The wide 10V to 60V
input voltage (Vi) range accommodates a
variety of step-down lighting applications.
Hysteretic current mode minimizes the loop
compensation design and achieves fast
transient response, which makes the 25kHz
pulse-width  modulation (PWM) dimming
frequency possible.

The MP24881 supports analog dimming with a
PWM or analog signal input, which helps
remove the flicker caused by the PWM
frequency (frwm). The separated PWM and
analog dimming input port enables all PWM
signal-controlled hybrid dimming. The hybrid
dimming depth can reach as low as 0.1%.

Full protections include current-sense (CS)
short protection, low-side (LS) reverse over-
current protection (OCP), high-side (HS) OCP,
and thermal shutdown.

The MP24881 is available in an SOIC-8EP
package.

FEATURES

¢ Wide 10V to 60V Operating Input Voltage
(Vin) Range

e Upto 1.1A of LED Current (I.ep)

Synchronous Step-Down Converter

Internal 100mQ High-Side MOSFET (HS-

FET)

Internal 110mQ Synchronous Rectifier (SR)

Hysteretic Control

Up to 2MHz Switching Frequency (fsw)

100mV Reference Voltage (Vrer)

LED Common Cathode Connection

Excellent Pulse-Width Modulation (PWM)

Dimming Performance:

o Upto 25 kHz PWM Dimming Frequency

o 20000:1 Wide Dimming Range

e Down to 0.1% Dimming Depth

e All PWM Signal-Controlled Hybrid Dimming

High-Side (HS) Over-Current Protection

(OCP)

Current-Sense (CS) Short Protection

Low-Side (LS) Reverse OCP

Thermal Shutdown

Available in an SOIC-8EP Package

APPLICATIONS

e Landscape Lighting
e General LED Lighting

All MPS parts are lead-free, halogen-free, and adhere to the RoHS directive.
For MPS green status, please visit the MPS website under Quality
Assurance. “MPS”, the MPS logo, and “Simple, Easy Solutions” are
trademarks of Monolithic Power Systems, Inc. or its subsidiaries.
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mP5 MP24881 - 60V, 1.1A, SYNCHRONOUS STEP-DOWN LED DRIVER

TYPICAL APPLICATION
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mP5 MP24881 - 60V, 1.1A, SYNCHRONOUS STEP-DOWN LED DRIVER

ORDERING INFORMATION

Part Number* Package Top Marking MSL Rating
MP24881GN SOIC-8EP See Below 2a

* For Tape & Reel, add suffix -Z (e.g. MP24881GN-2).

TOP MARKING

MP24881
LLLLLLLL
MPSYWW

MPS: MPS prefix

Y: Year code

WW: Week code
MP24881: Part number
LLLLLLLL: Lot number

PACKAGE REFERENCE
TOP VIEW

GND[1]o [ 8] BST
[ 7] Sw
E ICS+
Pwm[a] A7 [E]ics

Exposed pad on backside /

connected to GND

SOIC-8EP
MP24881 Rev. 1.0 MonolithicPower.com 3
9/12/2023 MPS Proprietary Information. Patent Protected. Unauthorized Photocopy and Duplication Prohibited.

© 2023 MPS. All Rights Reserved.



meS

MP24881 - 60V, 1.1A, SYNCHRONOUS STEP-DOWN LED DRIVER

PIN FUNCTIONS

Pin #

Name

Description

1

GND

Power ground. Electrically connect the GND pin to the system power ground plane using
the shortest and lowest impedance possible.

VIN

Power supply input. The VIN pin supplies power to the converter and internal control
circuitry. Connect VIN to a large bulk input capacitor to achieve a stable power source. It is
recommended to connect a ceramic bypass capacitor between VIN and ground to
minimize noise. Place the bypass capacitor as close to the chip as possible.

ADIM

Analog dimming input. Apply a 0.5V to 1.5V analog signal to the ADIM pin to enter
analog dimming mode. The direct pulse-width modulation (PWM) signal input is also
enabled. It is recommended to use a minimum 10kHz PWM signal frequency to improve
the output current ripple (Alout). The PWM signal amplitude must exceed the PWM input
high threshold (Vapwwm_n). If ADIM is pulled below 0.2V during its off delay time
(torF_beELAY_aDIM), Switching stops and the logic circuit shuts down except for the analog
dimming-related functions. If analog dimming is not necessary, float ADIM.

PWM

On/off control input and PWM dimming input. Apply a 100Hz to 25kHz PWM signal to
the PWM pin to enable PWM dimming. The PWM signal amplitude must exceed the PWM
high threshold (Vewm_n). If the PWM pin is pulled below the PWM low threshold (Vewm_L)
during the PWM off delay time (torr peLay), switching stops and the logic circuit shuts down
to reduce power loss.

ICS-

Current-sense (CS) negative input. The ICS- pin is one of the inputs to the internal high-
side (HS) CS amplifier. Connect ICS- to the external sense resistor’s negative side as well
as the LED load and output capacitor (Cout). To ensure sensing accuracy, connect Cout to
the sense resistor using the shortest wire.

ICS+

CS positive input. The ICS+ pin is one of the inputs to the internal HS CS amplifier.
Connect ICS+ to the external sense resistor's positive side as well as one side of the
external power inductor.

SW

Power switch output. Connect the SW pin to one side of the external power inductor.

BST

Bootstrap for the high-side MOSFET (HS-FET) gate driver. Connect a capacitor
between the SW and BST pins to form a floating supply across the upper MOSFET driver.

Exposed
pad

Exposed pad. Connect the exposed pad (EP) on the bottom to the ground plane to
achieve optimal heat sinking and normal operation.

ABSOLUTE MAXIMUM RATINGS @

Input voltage (VIN) cveeeeeeeeveeeeniinnnnn. -0.3V to +65V
SW voltage (Vsw) ...coeeeeeee. -0.3Vto (Vin + 0.3V)
BST voltage (VBST) ..... (sz - 03V) to (sz + 6V)
ICS+ voltage (Vics+), ICS- voltage (Vics.)...........

Recommended Operating Conditions @

Supply voltage (Vin) eeeeeeeeeviivvieeeenenn. 10V to 60V
Operating junction temp (Ty).....-40°C to +125°C

Thermal Resistance @ 6;an @ic

o
...................................................... -0.3V to +65V SOIC-8EP........oviiiiinn.50....... 10..°C/W
VICSt; VIS tiniiiiiiiiiiiieee e e -0.3V to +6V _
All Other PiNS .....c.ceveveeeeeeeeeeeeen. -0.3V to +6V ';')OteES' s ra ; e o
. __ . _ ° 2 xceeding these ratings may damage the device.
Continuous power dISSIpatIOI’]. . '(TA =25 C) @ 2) The maximum allowable power dissipation is a function of the
SOIC-8EP ..., 2.5W maximum junction temperature, T, (MAX), the junction-to-
Junction temperature (Ty) ......ccocoevecrreenn. 150°C ambient thermal  resistance, B, and the amblent
° temperature, Ta. The maximum allowable continuous power
Lead temperature ..........ccccevvvvvviiineeennennnnns 260°C dissipation at any ambient temperature is calculated by Po
Storage temperature................ -65°C to +150°C (MAX) = (T; (MAX) - Ta) / 0;a. Exceeding the maximum
allowable power dissipation can cause excessive die
ESD Ratings temperature, which may cause the regulator to go into
thermal shutdown. Internal thermal shutdown circuitry
Human body model (HBM) (ICS+)............ 1.2kV protects the device from permanent damage.
HBM (all Other Pins) ..........cccrvvrerrveneerrieeenn. 2kV 3) The device is not guaranteed to function outside of its
Charged-device model (CDM) 2kV operating conditions.
ged-device model (LDM) .oveenene. 4) Measured on a Resolved JESD51-7, 4-layer PCB.
MP24881 Rev. 1.0 MonolithicPower.com 4
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meS

ELECTRICAL CHARACTERISTICS

Typical values are at Vin = 24V, T, = 25°C, all voltages with respect to ground. Minimum and
maximum values are at Viy = 24V, T; = -40°C to +125°C, all voltages with respect to ground,

MP24881 - 60V, 1.1A, SYNCHRONOUS STEP-DOWN LED DRIVER

guaranteed by characterization, unless otherwise noted.

Parameter Symbol Condition i Min i Typ i Max i Units
Input Supply Voltage

Irr;ir)]ngtevoltage operating Vin 57 60 Vv
E/Ji/‘ﬂr(‘)d)et;‘r’ggﬁgz lockout Voo | Vi falling 52 | 545 | 57 | Vv
Vin UVLO hysteresis VIN_uvLO_HYS 120 175 240 mV
Input Supply Current

Shutdown current IIn_sD Vewm = OV 90 MA
Quiescent current (normal) lIN_q_NOR No switching 1.33 1.6 mA
Operating current Iin fsw = 2MHz 50 mA
Enable (EN) and Pulse-Width Modulation (PWM) Dimming

PWM high threshold VpPwm_H Vewwm rising 1.14 1.3 1.36 Y
PWM low threshold Vewm_L Vewwm falling 0.96 1 1.12 Y
PWM pull-up current ® lPwm Vewm = OV 30 MA
PWM off delay time torr_DELAY 10 16 22 ms
Analog Dimming

9}?2'3%%%' r(r;)m Ing input VADIM Start-up mode changes 3 \%
ﬁ;;g%gggqmg input VADIM_HYS 0.5 \%
Anaiog dimming high VAot Ts=25°C 1.48 15 1.52 V
threshold - T =-40°C to +125°C 1.47 1.5 1.53 \Y
Anaiog dimming low Vaoi L Ts=25°C 0.493 0.5 0.507 V
Threshold - Ty =-40°C to +125°C 0478 | 05 | 0529 | V
Q?Z'S%%%'mm'”g shutdown VADIM_SD 0175 | 021 | 024 | V
PWM input high threshold VapwM_H 1.52 1.6 1.68 Y
PWM input low threshold Vapwm_L 0.37 0.4 0.45 Y
ADIM off delay time toFF_DELAY_ADIM 10 16 22 ms
Analog pull-up current ® laDIM Vabim = OV 30 MA
Bootstrap (BST)

Bias Voitage for high-side Vesr - Vaw 6V < Vin = 60V 4.85 5.2 5.55 \%
(HS) driver ViN = ViN_uvio + 50mV 3.6 \%
BST operating current IssT No switching 15 20 26 A
BST UVLO Vest_uvio | Vest - Vsw falling edge 2.7 3 3.3 \%
BST UVLO hysteresis VBsT_uvLo_HYS 180 mV

MP24881 Rev. 1.0
9/12/2023
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ELECTRICAL CHARACTERISTICS (continued)

Typical values are at Vin = 24V, T, = 25°C, all voltages with respect to ground. Minimum and
maximum values are at Viy = 24V, T; = -40°C to +125°C, all voltages with respect to ground,
guaranteed by characterization, unless otherwise noted.

MP24881 - 60V, 1.1A, SYNCHRONOUS STEP-DOWN LED DRIVER

Parameter ‘ Symbol Condition ‘ Min ‘ Typ ‘ Max ‘ Units

High-Side MOSFET (HS-FET) and Low-Side MOSFET (LS-FET)

HS-FET on resistance Rbs(on)_Hs T =257 100 130 ma
- Ts=-40°C to +125°C 100 170 mQ

LS-FET on resistance Robs(on)_ts T =27C 110 145 ma
- Ts=-40°C to +125°C 110 190 mQ

Switch leakage current Isw_LkG Vin = 60V, Vsw = 0V -1 +1 A

Zero-current detection (ZCD)

threshold (turns off the sync Izco When the sync rectifier is on 50 mA

switch) ®

HS tolow-side (LS) dead time | | |HS-FET off to LS-FET on 20 ns

LS to HS dead time © toT_LH LS-FET off to HS-FET on 20 ns

LED Current Regulation

Sense voltage high threshold Vics_H Vics+ - -Vics- rising 110 115 120 mV

Sense voltage low threshold Vics_L Vics+ - -Vics- falling 81 85 89 mV

(Vics+ - -Vics) / 2, Ty = 25°C 975 | 100 | 1025 | mV

Average sense voltage Vi + - -Vics-

g g M D\ T 965 | 100 | 1035 | mv
Current-sense (CS) gain Ges Vin =45V, Ty =25°C 9.85 10 10.15
HS-FET maximum on time © toN_MAX_H 40 us
HS-FET minimum on time ® toN_MIN_H 40 ns
Sense vo_ltage high too o Vics+ - -Vics- rising_to reach 55 ns
propagation delay © - Vics_1 and SW falling
Sense vo_ltage low top | Vics+ - -Vics- falling to reach 55 ns
propagation delay © - Vics_L and SW rising
Over-Current Protection (OCP)

HS OCP threshold locp_H Vics+ - -Vics- = 80mV 3 3.5 4 A

OCP sense voltage threshold Vics_ocp Vics+ - -Vics- falling 34 47 59 mVv
é%;?ﬁﬁ;ggﬁg:gpmtec“o” lscpcs | Vicss - ~Vics. = 30mV 15 | 175 | 25 | A

Hiccup time for OCP and CS tuicoup 16 ms
shorts ©

bﬁr{fg‘gg‘; (C)hCaF;gtgreSho'd loce.Le_est 042 | 03 | -02 | A

LS nrneg‘]’es:;ﬁ C?“ﬁg threshold loc_Le_sw 067 | 045 | 035 | A

(H)léclzaug)tlme for LS reverse thiccup L8 420 us
Leading edge blanking time ©® tLes g(z:ré)eak current limit and 50 ns

MP24881 Rev. 1.0
9/12/2023
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MP24881 - 60V, 1.1A, SYNCHRONOUS STEP-DOWN LED DRIVER

ELECTRICAL CHARACTERISTICS (continued)

Typical values are Vi

24V, T,

25°C, all voltages with respect to ground. Minimum and

maximum values are at Viy = 24V, T; = -40°C to +125°C, all voltages with respect to ground,
guaranteed by characterization, unless otherwise noted.

Parameter Symbol Condition | Min | Typ | Max | Units
Thermal Shutdown
Thermal shutdown -
T Tsrisin 160 °C
threshold ® sb Jnsing
Thermal shutdown
. T 30 °C
hysteresis ©) HYs
Note:
5) Guaranteed by design.
MP24881 Rev. 1.0 MonolithicPower.com
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mps MP24881 - 60V, 1.1A, SYNCHRONOUS STEP-DOWN LED DRIVER

TYPICAL CHARACTERISTICS

Vin = 24V, unless otherwise noted.

HS-FET On Resistance vs. LS-FET On Resistance vs.
Temperature Temperature
150 180
140 160
130
g 120 g 140 L~
E S L~
110 = A
I| - 120 >
g 100 g /
7 9 100 7
Ja] /
@ 80 o
70 80
60 60
-40 -20 0 20 40 60 80 100 120 -40 -20 0 20 40 60 80 100 120
JUNCTION TEMPERATURE (°C) JUNCTION TEMPERATURE (°C)
MP24881 Rev. 1.0 MonolithicPower.com 8
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MP24881 - 60V, 1.1A, SYNCHRONOUS STEP-DOWN LED DRIVER

TYPICAL PERFORMANCE CHARACTERISTICS

Performance waveforms are tested on the evaluation board. Viy = 56V, lour = 1A, L = 100uH,
Ta = 25°C, unless otherwise noted.

Efficiency vs. Input Voltage
lour = 700mA, non-dimming

Line Regulation
lour = 700mA, non-dimming

100 ‘
= ———2LEDs
R SN S 03 | __4leDs ‘
S 9 z 02| SLEDs /4
6 = o1 F 12LEDs e,
= 94 g o | ——16LEDs /L |
o % 2LEDs O 01 7T 7]
& 90 | —A4LEDs o L/ ~
w ——8LEDs w 0.2
88 | —12LEDs Z 03
——16LEDs - | ‘
86 -0.4
10 20 40 50 60 10 20 30 40 50 60
INPUT VOLTAGE (V) INPUT VOLTAGE (V)
) Output Current Tolerance
Load Regulation PWM input analog dimming, based on
Vy = 58V, lgyr= 700mA 100pcs demo
740 S 20
< 735 |4 o 18
E | O 16
— 730 Z
= \ < 14 [
L 725 \ T 12 \
x 720 \ 5 10 \
|_
O 715 I R
2 710 L AN
o o 4
E N
8 705 % 2
700 © o0
0 5 10 25 30 35 0 10 20 30 40 50 60 70 80 90 100
OUTPUT VOLTAGE (V) ADIM DUTY (%)
Analog Dimming Analog Dimming
Analog input Analog input, zoom in
800 __ 80
< < A
z 700 E 70 /
— 600 A = 60 -
5 / zZ /
m 500 / W 50 /
400 7 x40 /
O 300 / O 30
= Pt 5 i
2 200 / & 20 //
5 100 > 5 10
04 06 08 1 12 14 16 0.48 0.53 0.58
ADIM VOLTAGE (V) ADIM VOLTAGE (V)
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MP24881 - 60V, 1.1A, SYNCHRONOUS STEP-DOWN LED DRIVER

TYPICAL PERFORMANCE CHARACTERISTICS (continued)

Performance waveforms are tested on the evaluation board. Viy = 56V, lour = 1A, L = 100uH,

Ta = 25°C, unless otherwise noted.

Analog Dimming
10kHz PWM input

Analog Dimming
10kHz PWM input, zoom in

800 80
< <
E 700 E 70 /
— 600 vt — 60 >
pd P pd A
g 500 /' & 50
4 x
x 400 //' x 40
© 300 , © 30 at
5 200 5 20 ~
[a / o
'é 100 |~ 'é 10 A
0 0
0 10 20 30 40 50 60 70 80 90 100 0 2 4 6 8 10
ADIM DUTY (%) ADIM DUTY (%)
PWM Dimming PWM Dimming
300Hz PWM input 300Hz PWM input, zoom in
800 80
< <
E 700 £ 70 /
— 600 vl £ 60 g
g 500 /' % 50 /
@ 400 ~ X 40
) // ) /
© 300 - © 30 -
2 200 // 2 20 Zd
E A E //
> 100 vl o 10
@] @]
0 0
0 10 20 30 40 50 60 70 80 90 100 0 2 4 6 8 10
PWM DUTY (%) PWM DUTY (%)
Hybrid Dimming S
PWM dimming is added at 10% ADIM Hybrid Dimming
duty, 1kHz PWM input Zoom in, 1kHz PWM input
__ 800 7
Z —_
g 700 g et
E 600 vl E -
pd P z °
& 500 . o
/ x 4
% 400 - @
)
= 2 3
© 300 pe o 7
= /’ [ /
2 o 2
5 100 = 51 A
o] | o
0 0
0 10 20 30 40 50 60 70 80 90 100 0 0.2 0.4 0.6 0.8 1
DIMMING DEPTH (%) DIMMING DEPTH (%)
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mP5 MP24881 - 60V, 1.1A, SYNCHRONOUS STEP-DOWN LED DRIVER

TYPICAL PERFORMANCE CHARACTERISTICS (continued)

Performance waveforms are tested on the evaluation board. Viy = 56V, lour = 1A, L = 100uH,
Ta = 25°C, unless otherwise noted.

Start-Up through VIN Shutdown through VIN
Float ADIM and PWM Float ADIM and PWM
CH1: Vsw CH1: Vsw
20V/div. 20V/div.
CH3: Vewm CH3: Vpwm
2V/div. 2V/div.
CH4: I CH4 :IL
500mA/div. 500mA/div.
N - 2004 ™ oo v e
Start-Up through ADIM Shutdown through ADIM
Float PWM Float PWM
CH1: Vsw CH1:Vsw
20V/div. 20V/div.
— T_..//‘;
CH3: Vpwm CH3: Vewm
2V/div. 2V/div.
CH4: I CH4: IL
500mA/div. : 500mA/div.
o i Sy n 20V ot ems v ety
Start-Up through PWM Shutdown through PWM
Float ADIM Float ADIM
CH1: Vsw CH1: Vsw
20V/div. 20V/div.
& e
CH3: Vpwm Bl CH3: Vpwm
2V/div. 2V/div.
CH4: 1L CH4: I )
500mA/div. 500mA/div. :
2oy ol e I B 20y N R i
MP24881 Rev. 1.0 MonolithicPower.com 11
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MP24881 - 60V, 1.1A, SYNCHRONOUS STEP-DOWN LED DRIVER

TYPICAL PERFORMANCE CHARACTERISTICS (continued)

Performance waveforms are tested on the evaluation board. Viy = 56V, lour = 1A, L = 100uH,
Ta = 25°C, unless otherwise noted.

CH1: Vsw
20V/div.

CH3: Vpwm
2V/div.
CH4: IL

500mA/div.

CH1: Vsw
20V/div.

CH3: Vpwm
2V/div.
CH4: IL

200mA/div.

CH1: Vsw
20V/div.

CH3: Vpwm
2V/div.
CH4: I

500mA/div.

Analog Dimming
ADIM duty = 50% at 10kHz

IAARRAARAAARARARRANARTAAR ML ARAT

200V
200V

2.5068/5
10M points

20 Tun 21
14:15:21

E =]

[ 4 I
—

Analog Dimming
ADIM duty = 10% at 10kHz

2.5068/5 20 Tun 21

@ wov [ )4
2000 & 200mé 10M points 160V
—

15:43:10

Hybrid Dimming
ADIM duty = 50% at 10kHz, PWM duty = 50%
at 1kHz

2.5068/5
10M points

20 Tun 21
14:16:11

ol

CH1:Vsw
20V/div.

CH3: Vpwm
2V/div.
CH4: IL

500mA/div.

CH1: Vsw
20V/div.

CH3: Vpwm
2V/div.
CH4: IL

500mA/div.

CH1: Vsw
20V/div.

CH3: Vpwm
2V/div.
CH4: IL

500mA/div.

Analog Dimming
Vabim = 1V

1.2565/5 20 Jun 2

E ]

2,00V S00mA 10M points 14:14:42
PWM Dimming
PWM duty = 50% at 1kHz
| 4 I
E
@ wov J[Aﬁﬁux 25068/ [T )4 [ 20 Tun 2|
@ 20y @ St 10M points 160V 14:15:55

Hybrid Dimming
ADIM duty = 10% at 10kHz, PWM duty = 50%

at 1kHz

Wnandlg
—

[}
160V

1l

L il
|§,r =

@ w0V
200V &

20 Jun 2(
15:41:53

2,5068/5
10M points

E

S00mé,
—

MP24881 Rev. 1.0
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MP24881 - 60V, 1.1A, SYNCHRONOUS STEP-DOWN LED DRIVER

TYPICAL PERFORMANCE CHARACTERISTICS (continued)

Performance waveforms are tested on the evaluation board. Viy = 56V, lour = 1A, L = 100uH,

Ta = 25°C, unless otherwise noted.

Steady State
Float ADIM and PWM

Open LED Before Start-Up through

VIN

Float ADIM and PWM

@ 5ok
—

=

5.00M8/s
10M points

20 Jun 2(
14,18:16

X
1,60V

Float ADIM and PWM

Short Rcs Before Start-Up through

CHL: Vsw |y CH1: Vsw
20V/div. 20V/div.
WAV AV AV AV A ARV AV A
3
CH3: Vewn [y CH3:Viep
2V/div. 20V/div.
CH4: I @ 20V 2.00 2,506/ G 201n 2 CHAI (@ 207
500mA/div. £) 200 & € sumi J[ " 10Mpm;t: 160V [ wsw] S00MA/div, £) 200V
Short LED Before Start-Up through
VIN VIN
Float ADIM and PWM
CHL1: Vsw |y CH1: Vsw I
20V/div. 20V/div.
‘ e —| o
2 : ID—
CH3: Vieo CH3: Vieo o
20V/div. 20V/div.
CH4: 1L CH4: 1L
500mA/div. 2oV o™ s v | fws]  500mA/div. _[3 2y

@ st
—

-

5.00MS/s
10M points

20 Tun 2
14:20:41

X
160V
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MP24881 - 60V, 1.1A, SYNCHRONOUS STEP-DOWN LED DRIVER

FUNCTIONAL BLOCK DIAGRAM

High-Side
Current Sensor

J__ /PWM Enable - OoCP

: Control >
|
|
: PWM Dimming >
| Interface
|
|
|
d Ves

ADIM '! P Adaptive Threshold [ VraH

Detector | Filter p| Adjustment Circuit > VigL

1| 'S A A T —
1]
BST_LJ] SW‘J]
A . i
VIN | | i
T 7 141 :
| : | l
I [} ]
= [} ]
: Vee ilA :
] Vee 1
| LT N
i BST BST | | l_I/_ I 1
: UvLO Regulator 1 rL GND
[} )
i i
VCC Bias
i Regulator "
1 * A
! Control
: Vee Liike) |':|gcr|?
I
1
1

U L NS S M S

Figure 1: Functional Block Diagram
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MP24881 - 60V, 1.1A, SYNCHRONOUS STEP-DOWN LED DRIVER

OPERATION

The MP24881 is a 60V, 1.1A, fully integrated,
synchronous step-down LED driver. The device
operates as a stable current source to deliver
up to 1.1A of continuous LED current (I.ep) to
the LED string. The MP24881 provides pulse-
width modulation (PWM) dimming, analog
dimming, and analog dimming with a PWM
input, and hybrid dimming, using a deep
dimming ratio. For hybrid dimming, the dimming
ratio can reach 0.1%.

Under-Voltage Lockout (UVLO)

Under-voltage lockout (UVLO) prevents the
chip or certain blocks from operating at an
insufficient supply voltage. The MP24881
incorporates two internal fixed UVLO
comparators for monitoring the VIN and BST
pins.

Once the input voltage (Vin) drops below its
UVLO threshold, the chip is disabled. If Vi
drops below the Vv UVLO threshold (Vin_uvio),
all switching remains disabled until V\y exceeds
the sum of VIN_UVLO and the Vi UVLO
hysteresis threshold (Vin_uvio Hys).

At the bootstrap (BST) UVLO threshold
(Vest uvio), there is no adequate driving
capacity for the LED driver's high-side
MOSFET (HS-FET). The HS-FETs stop
switching, and the device initiates the pre-
charge period again. The BST charger
conducts the low-side MOSFETs (LS-FETS) to
attempt to charge up the BST voltage (Vassr).
The LED driver starts up again once Vst
exceeds the sum of Vesr uvio and the BST
UVLO hysteresis threshold (VBST_UVLO_HYS)-

Start-Up

If Vin exceeds the sum of Vi uwo and
Vin uvio Hys, the MP24881 starts up. Before
entering normal operation, the device must
implement the pre-charge. Once the power
supplies are ready, the LED driver begins
switching. If PWM dimming is applied, the
device’s operation follows the corresponding
PWM control signals. If analog dimming is
applied, the device’s operation follows the
corresponding analog signal.

Hysteretic Current Control with Adaptive
Threshold Adjustment

The MP24881 is a synchronous step-down LED
driver that operates in hysteretic current control
mode to accurately regulate I ep.

Hysteretic current control minimizes the loop
compensation design and achieves fast
transient response, making it ideal for fast PWM
dimming performance.

During normal operation, the ICS+ and ICS-
pins monitor the I.ep sensed voltage across the
sensing resistor. The HS-FET turns on and
remains on until the difference between the
ICS+ voltage (Vics+) and the ICS- voltage (Vics.)
reaches the high threshold. Then the HS-FET
turns off and the low-side (LS) sync rectifier
switches on to conduct the inductor current (lI.)
until the difference between Vics+ and Vics.
drops below the low threshold.

The two thresholds are adaptively adjusted to
compensate for all the circuit delays, resulting
in accurate lep regulation, with an average
100mV reference voltage (Vrer) between ICS+
and ICS-.

Bootstrap (BST)

The BST circuitry is required to drive the LED
driver’s high-side (HS) N-channel MOSFET.
The external flying capacitor is charged to
maintain a sufficient driving voltage above the
SW voltage (Vsw) via the internal BST regulator.

During start-up, the BST pre-charge process
starts before the converter is ready to operate.
The sync low-side MOSFET (LS-FET) turns on
to force SW low, and the BST regulator charges
the flying capacitor via the BST pin. The LS-
FET turns off after a short interval, then turns
on and off several times based on the set duty
cycle before building up sufficient driving
voltage cross the flying capacitor. The short
interval limits the reverse current from the
discharging output capacitor.

Additional external circuitry can also be
implemented to ensure Vgst remains within the
normal operating range.

MP24881 Rev. 1.0
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Analog Dimming

The MP24881 supports PWM dimming, analog
dimming, and analog dimming with a PWM
signal input, and hybrid dimming.

Apply a DC signal to the ADIM pin to enable
analog dimming. lour drops from 100% to 0%
when ADIM changes from the analog dimming
high threshold (Vaom 1) to the analog dimming
low threshold (Vapoivm_). Figure 2 shows the high
and low thresholds of the sensed voltage under
dimming conditions.

A Threshold

Vger + 156mV

Vger - 15mV

- \/ADIM

Figure 2: High and Low Thresholds of the
Sensed Voltage under Analog Dimming
Conditions

The direct PWM signal input can also be
enabled. It is recommended to use a minimum
10kHz PWM signal frequency to suppress the
output current ripple (Alour). The PWM signal
amplitude must exceed the PWM input high
threshold (Vapwm H). If the ADIM pin is pulled
below the analog dimming shutdown threshold
(Vaom sp) and lasts for its off delay time
(torr_peELAY_ADIM), then switching stops and the
logic circuit shuts down except for the analog
dimming-related function. If the analog dimming
function is not required, float ADIM. It is
recommended to use a 100pF ceramic
capacitor for noise suppression.

It is recommended to use a 3% minimum
analog dimming depth to achieve improved
dimming performance.

Pulse-Width Modulation (PWM) Dimming

Apply a 100Hz to 25kHz PWM signal to the
PWM pin to enable PWM dimming. The PWM
signal amplitude must exceed the PWM high
threshold (Vewm 1). If the PWM pin is pulled
below the PWM low threshold (Vpwwm 1) and
lasts for the PWM off delay time (torr peLay),

then switching stops and the logic circuit shuts
down to reduce power loss.

Hybrid Dimming
To enable hybrid dimming, apply a PWM signal
to the PWM pin, and apply a PWM or analog

signal to the ADIM pin. The hybrid dimming
depth can reach as low as 1%.

It is recommended to apply a PWM or DC
signal at the ADIM pin to achieve analog
dimming from 100% to 10%. Maintain a stable
ADIM signal, and apply a PWM signal at the
PWM pin from 100% to the requested depth.
The total dimming depth is 0.1 x PWM duty.
The duty of the minimum PWM signal that is
applied to the PWM pin must not drop below
1% under this condition.

If an analog dimming depth deeper than 10% is
required for hybrid dimming, analog dimming
can reach as low as 3%. When the PWM signal
is applied to the PWM pin, the duty of this PWM
signal must not drop below 2%.

High-Side MOSFET (HS-FET) Over-Current
Protection (OCP)

Uder normal conditions, the switching current is
regulated by the reference high and low
thresholds. The HS-FET turns off after reaching
the high threshold. If the sense resistor fails or
a smaller, improper sense resistor is used, the
peak current is exceedingly high before
reaching the reference HS threshold. A HS
over-current protection (OCP) shuts down the
MP24881 immediately. The device attempts
operation again after the hiccup time for OCP
and CS shorts (tmiccur) cOompletes.

Current-Sense (CS) Short-Circuit Protection
(SCP)

lLep is consistently regulated even when the
LED string is shorted. If the sensing resistor is
shorted or the resistor and LED load are
shorted together without any protections, then
the output current (lout) may be large enough to
damage the chip. In this scenario, whenever the
HS-FET current exceeds the current-sense (CS)
short-circuit protection (SCP) threshold (Iscp cs),
and the CS voltage (Vics+ - Vics.) drops below
the OCP sense voltage threshold (Vics ocp), CS
SCP is triggered and the MP24881 shuts down

MP24881 Rev. 1.0
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immediately. The device initiates operation
again after tuiccur cOmpletes.

Low-Side MOSFET (LS-FET) Reverse Over-
Current Protection (OCP)

When the LS-FET turns on, if the LS-FET
reverse current between SW and GND exceeds
the LS reverse OCP threshold, then the
MP24881 shuts down immediately. The device
attempts operation again after the hiccup time
for LS reverse OCP (thiccur 1) completes. The
reverse OCP threshold during BST charge and
stable operation are not the same. The LS
reverse OCP threshold during BST charge and
the LS reverse OCP threshold during switching
protect the MP24881 from any uncontrollable
and unsafe states. A smaller inductance results
in greater overshoot current, which s
introduced by the internal propagation delay.
The inductance must not drop below 100uH;

otherwise, reverse OCP may be triggered under
steady-state conditions or during start-up.

Output Open Load

The MP24881 does not require output open-
load protection as a step-down current regulator.
If the output of the LED driver is open, the
output voltage (Vour) rises as high as Vin.

Thermal Protection

Thermal shutdown prevents the chip from
operating at exceedingly high temperatures. If
the silicon die temperature exceeds the thermal
shutdown threshold (Tsp), the over-temperature
(OT) fault shuts down the entire device.
Thermal shutdown protection is automatically
recoverable. Once the die temperature drops
below its lower threshold (Tsp - Tuys), the
device starts up again.

MP24881 Rev. 1.0
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APPLICATION INFORMATION

Selecting the LED Current-Sense Resistor

ILep is set via a sensing resistor (Rcs) that is
connected between the ICS+ and ICS- pins.
The mean voltage on Rcs is equivalent to Ves.
Rcs can be calculated with Equation (1):

cs — | I
ouT ouT

For example, if ILep = 1A, then Rcs = 100mQ.

Inductor
Frequency

An inductor (L) is required to supply a constant
current to the LED. The minimum L is 100uH
(see the Low-Side MOSFET (LS-FET) Reverse
Over-Current Protection (OCP) section on page
17). L is related to the switching frequency (fsw)
and can be calculated with Equation (2):

Selection and  Setting the

_ Vour % (VlN _VOUT) (2)

fow x30% x 1y, x V,y

Where Vour is the output voltage that drives the
LEDs.

A smaller value inductance results in higher fsw,
while the highest frequency is limited by the
internal propagation delay and the HS-FET
minimum on time (tonx min 1). The internal
propagation delay can also make it difficult to
accurately calculate L.

The peak inductor current (lpeak) can be
calculated with Equation (3):

loen = (1+15%) x1o,r 3)

Choose an inductor with a nominal DC current
rating at least 25% greater than the maximum
load current for most applications. For the
highest efficiency, the inductor’'s DC resistance
should be less than 100mQ.

Selecting the Input Capacitor

The step-down converter has a discontinuous
input current () and requires a capacitor to
supply AC current to the converter while
maintaining the DC Vi. Use Ilow-ESR
capacitors for the best performance, especially
for high fsw applications.

The RMS current in the input capacitor (Cin) (Ip)
can be calculated with Equation (4):

w [Mour (4)

I, =1
D ouT
Vin

With low-ESR capacitors, the input voltage
ripple (AVn) can be estimated with Equation (5):

AV = lour « Vour x(1— VOUT) (5)
" fawxCn Vi Vin

Choose Ciy with a sufficient RMS current rating
and capacitance to achieve a small AV\y. When
using electrolytic or tantalum capacitors, add a
small, high-quality ceramic capacitor (e.g. 0.1uF)
as close to the IC as possible.

Selecting the Output Capacitor

The output capacitor (Court) maintains small
Alout and ensures feedback loop stability. Cour
is required to support negative current under
deep analog dimming, start-up, or shutdown
conditions. In addition, Cout can achieve stable
Vour to ensure a clean current sample. Cour
impedance must be low at fsw. Ceramic
capacitors with X5R or X7R dielectrics are
recommended for their low ESR characteristics.
For most applications, a 2.2uF ceramic
capacitor is sufficient. For applications below
5V, a larger Cour is required to ensure that
AVout is below 0.5V.
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PCB Layout Guidelines 7. It is recommended to use a small barrel
Efficient PCB layout is critical for stable diameter (e.g. 15mil) to ensure that the hole
operation. A 4-layer layout is strongly is filled up during the plating process, which
recommended to significantly reduce the supports conduction to the other side. If the
voltage spike on the SW node and EMI noise barrel diameter is too large, solder wicking
levels. For the best results, refer to Figure 3 issues can occur during the reflow soldering
and follow the guidelines below: process.
1. Place the input decoupling capacitor as ‘MRS ° °

close to VIN, SW, and GND as possible, Magpolithic Power Systems

. . MPZ24851 Demo Board

using short and wide traces. TevA88] o oh
2. A ceramic capacitor (0603) is recommended .

to further shorten the VIN-to-GND loop,

which suppresses switching spike voltages.
3. Keep the switch node traces short and away DDq :

5 c_,‘L7I:I I:‘.l

from the feedback network. s o9l —
4. Place the external current sampling

resistors next to ICS+ and ICS-.
5. Place the output capacitor as close to the

external current sampling resistors as ° 00 og @

possible to achieve accurate current sense.
6. To improve thermal conduction, a thermal Figure 3: Recommended PCB Layout

via grid can be created immediately beneath

the exposed pad.
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TYPICAL APPLICATION CIRCUIT

L1
100puH

O— VIN SW
C3 | c2 | C1 |
2.2uF | 2.2puF |10nF
GND BST

- MP24881
O _T_ ADIM ICS+

ca

100pFI

O — PWM ICS-
s

Figure 4: Typical Application Circuit
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PACKAGE INFORMATION

SOIC-8EP

0.189(4.80) _ 0.124(3.15)
0.197(5.00) ™ 0.136(3.45) |

A AiA A “ A AR N

0.150(3.80) | 0.228(5.80)
0.157(4.00) | 0.244(6.20)

0.089(2.26)
0.101(2.56)

PIN1ID

il
IRt " o0 0

TOP VIEW BOTTOM VIEW

SEE DETAIL "A"
ST

[ \ 4 o0s101.30) / —
tl:I:l:l:l:I:l:Ij §_{0067(1.70) ' m_toows(ow)
SEATING PLANE \ 7 X -

1 0.00000.00) AN o "4 0.0098(0.25)
0.013(0.33 0:006(0-15) ~—7g
0.020(0.51) IDE VIEW

0.050(1.27)
BSC

FRONT VIEW 0.010(0.25) | 4z
*‘ *70.020(0.50)
GAUGE PLANE
0.010(0.25) BSC

02400, 0.050(1.27 T
0.024(0 61)—>( }+ *{ "- (1.27) N 0.016(0.41)
! 0-8 0.050(1.27)
0.063(1.60) —[ -1 H |- |- 17—
¥ | DETAIL "A"

A

== - |—0.103(2.62) —0.213(5.40)

1) CONTROL DIMENSION IS IN INCHES. DIMENSION IN
BRACKET IS IN MILLIMETERS.
2) PACKAGE LENGTH DOES NOT INCLUDE MOLD FLASH,

|
I
! v PROTRUSIONS, OR GATE BURRS.
TroliT T 3) PACKAGE WIDTH DOES NOT INCLUDE INTERLEAD FLASH
| OR PROTRUSIONS.

A

4) LEAD COPLANARITY (BOTTOM OF LEADS AFTER FORMING)
r0.138(3.51)% SHALL BE 0.004" INCHES MAX.

5) DRAWING CONFORMS TO JEDEC MS-012, VARIATION BA.
6) DRAWING IS NOT TO SCALE.
RECOMMENDED LAND PATTERN
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CARRIER INFORMATION

A

/OOOOOOOO

Pinl —»1 1 1 1
Reel
Diameter
_
v Feed Direction
Part Number Package Quantity/ | Quantity/ | Quantity/ Reel Carrier Carrier
Description Reel Tube Tray Diameter | Tape Width | Tape Pitch

MP24881GN-Z SOIC-8EP 2500 100 N/A 13in 12mm 8mm
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