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‘b MPQ7200 DRL-PL-TI Lamp Reference Design
Synchronous Buck-Boost Mode LED Driver for Automotive Systems

1 Overview

1.1 Description

This reference design proposes a dual-channel buck-boost system for daytime running lamp (DRL),
position lamp (PL), and turn indicator (TI) applications using the MPQ7200-AEC1. The MPQ7200-AEC1
is a high-frequency, constant-current LED driver with integrated power MOSFETs. The device offers a

compact solution to achieve 1.2A of continuous output current (lout) across a wide input supply range,
with excellent load and line regulation.

The EVQ7200-DRL-PL-TI-00A is a fully assembled and tested buck-boost mode LED driver reference
design board. It has two buck-boost channels and generates an LED current up to 1A from a 6V to 20V
input range.

1.2 Features

e Wide 6V to 42V Operating Input Range

o Buck-Boost Mode: Configurable 1.2A
Continuous Output Current (lour)

o  44mQ/40mQ Internal Power MOSFETSs

o Default 1.15MHz Switching Frequency (fsw)
for Buck-Boost Mode with Spread Spectrum
Meets CISPR25 Class 5

e PWM Dimming (100Hz to 2kHz Dimming
Frequency)

¢ Internal, 500Hz Two-Step Dimming with
Configurable Duty Cycle

e Fault Indication for LED Short (to GND and
Battery), LED Open, Output Over-Voltage
(OV) and Thermal Shutdown Conditions

e Over-Current Protection (OCP)

e Configurable Thermal Derating via NTC Figure 1: EVQ7200-DRL-PL-TI-00A
Remote Temperature Sensing

e EMI Reduction

e Available in a QFN-19 (3mmx4mm) Package
with Wettable Flanks

e Available in AEC-Q100 Grade 1

1.3 Applications

¢ Daytime Running Lights (DRLSs)
e Position Lights (PLs)
e Turn Indicator Lights (TIs)

All MPS parts are lead-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 registered trademarks of
Monolithic Power Systems, Inc. or its subsidiaries.

RDO00017 Rev. 1.0 MonolithicPower.com 3
6/24/2022 MPS Proprietary Information. Patent Protected. Unauthorized Photocopy and Duplication Prohibited.
© 2022 MPS. All Rights Reserved.



MPQ7200 DRL-PL-TI Lamp Reference Design

ml 5 Synchronous Buck-Boost Mode LED Driver for Automotive Systems

2 Reference Design
2.1 Block Diagram
The reference design offers a dua

I-channel buck-boost LED driver solution. It uses 2 LED drivers

(MPQ7200-AEC1) to drive DRL-PL-TI lamps (see Figure 2).
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2.2 Related Solutions

Figure 2: Buck-Boost Topology

This reference design is based on the following MPS solutions:

Table 1: Related Solutions

MPS Integrated Circuit

Description

MPQ7200-AEC1

42V, 1.2A buck-boost or 3A buck, synchronous LED
driver, AEC-Q100 qualified

2.3 System Specifications

Table 2: System Specifications

Parameter

Specifications

Input voltage (Vin) range

6Vpc to 20Voc

Output LEDs

4 LEDs and 3 LEDs

Output current (lour)

1A

RDO00017 Rev. 1.0
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3 Design
3.1 Schematic

MPQ7200: Dual-channel buck-boost; channel 1 for DRL and PL LEDs, channel 2 for Ti
LEDs.
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Figure 3: Reference Design Board Schematic
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3.2 BOM
Qty Ref Value | Description Package Manufacturer Manufacturer PN
Ceramic capacitor, C2012X7S2A105KT
2 C1,C2 1uF 100V, X7S 0805 TDK 000N
€3, G5, Ceramic capacitor GRM188R71H102K
5 | Cl15,C117, | 1nF | oA mapaction 0603 Murata AO1D
C215, C217 '
Ceramic capacitor, GCM188R71H223K
2 C4, C6 22nF 50V, X7R 0603 Murata A37D
Ceramic capacitor, GRM32ER71H106K
2 C7,C8 10pF 50V, X7R 1210 Murata A12L
1 co 47pF Eée\f”o'y“c capacitor, SMD Panasonic EEEFNLH470XP
C10, C11, Ceramic capacitor,
4 C12, C13 NS 50V, X7R 0603
Ceramic capacitor,
1 Cil4 NS 50V, X5R 1206
€15, €109, Ceramic capacitor
1 |C110,C209, | Ns | A0 R aPacton 0805
C210 ’
C101, C103, Ceramic capacitor, GRM31CR71H475K
4 | coo1, c203 | 4"HF | 50v, x7R 1206 Murata A12L
Ceramic capacitor, GCM155R71H223J
2 C113,C213 22nF 50V, X7R 0402 Murata A
C102, C104,
C106, C108, . .
10 | C111,C202, | 100nF gg\r/a';‘('?CRcapac'tor’ 0603 Murata GCJlsigéHlO“K
C204, C206, ’
C208, C211
C105, C107, Ceramic capacitor, GRM21BR72A474K
4 | coos, c207 | 47O | 100v, X7R 0805 Murata A73L
Ceramic capacitor, GRM21BC71C106K
2 Cl12, C212 10pF 16V, X7S 0805 Murata E11L
C114, C116, Ceramic capacitor,
2 C214. C216 4.7uF 25V, X7R 1210 TDK C3225X7R1E475M
Ceramic capacitor, GCJ188R71E104KA
1 C118, C218 | 100nF 25V. X7R 0603 Murata 12D
DO-
1 D1 36V TVS, 36V 214AC Bourns SMAJ36CA-Q
1 D2 60V Diode, 60V, 5A SMC Diodes B560C-13-F
2 D101, D201 60V Diode, 60V, 3A SMA Diodes B360A-13-F
3 FBllz’BFBBZ’ 6A Magnetic bead, 6A 1206 Murata BLM31PG330SH1L
FB101, . .
2 FB201 Short | Film resistor, 1% 0805 Yageo RCO0805FR-070RL
1 L1 Short | Film resistor, 1% 0805 Yageo RCO0805FR-070RL
1 L2 4.7uH 'S”SZCtor’ 4.7QH,36mQ, | gy Coilcraft XAL5030-472MEB
1 L3 NS Inductor SMD
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Inductor, 4.7uH, :
1 L101, L201 4.7uH 44.1mQ. 5AA SMD Coilcraft XEL4030-472MEB
1 M1 NS N-channel MOSFET SO-8
1 R1 NS Film resistor 1206
1 R2 NS Film resistor, 5% 0603
3 R3, R4, R6 NS Film resistor, 5% 0603
1 R5 NS Film resistor, 5% 0603
. . RCO0603FR-
0,
3 R101, R201 100kQ Film resistor, 1% 0603 Yageo 07100KL
2 R102, R202 0Q Film resistor, 1% 0603 Yageo RCO0603FR-070RL
. . RCO603FR-
0,
2 R103, R203 4.87kQ Film resistor, 1% 0603 Yageo 074KS7L
2 R104, R204 10kQ Film resistor, 1% 0603 Murata RCO0603FR-0710KL
2 R105, R205 16kQ Film resistor, 1% 0603 Yageo RCO0603FR-0716KL
. . RCO0O603FR-
0,
2 R106, R206 2.32kQ Film resistor, 1% 0603 Yageo 072K32L
. . RCO0402FR-
0,
1 R107, R207 100kQ Film resistor, 1% 0402 Yageo 07100KL
2 R108, R208 20Q Film resistor, 1% 0402 Yageo RC0402FR-0720RL
2 R109, R209 15kQ Film resistor, 1% 0402 Yageo RC0402FR-0715KL
GND, Vin,
LED1+,
2 LED1-, 2mm Golden pin DIP Custom Any
LED2+,
LED2-
FB102 MPL- Inductor, 470nH
2 FB202 ATF?A??lO_ 27mQ, 4.4A SMD MPS MPL-AT2010-R47
QFN-19
MPQ7200- | Synchronous LED MPQ7200GLE-
2 U1, U2 AEC1 | driver (3mmx MPS AEC1
4mm)
. TSOT23-
1 U3 MPQ5850 | Smart diode 8 (2mmx MPS MPQ5850GJ-AEC1
(optional) | controller, 36V 3mm)
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3.3 PCB Layout

Figure 7: Mid-Layer 2 Figure 5: Bottom Silk and Bottom Layer
RDO00017 Rev. 1.0 MonolithicPower.com 8
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4 Test Results
4.1 Efficiency

Buck-boost mode, L = 4.7uH, liep = 1A, fsw = 1.15MHz, channel 1: 4 LEDs (Viep1 = 12V), channel 2: 3
LEDs (Viepz = 9V), Ta = 25°C, unless otherwise noted.

Efficiency vs. Input Voltage vs. Efficiency vs. Input Voltage vs.
Power Loss Power Loss
4 LEDs (V| gp =12V), L=4.7pH 3 LEDs (Vi gp =9V), L=4.7uH
94 (Viep ) L 45 94 (Vieo ) [ 40
Efficiency Efficiency
91 4.0 ,;\ 9 35 g
Q\o <~ s\f, <~
;’ 88 35 8 Ny 88 | —— 3.0 %
Q g5 _— 303 Q 85 258
i} - i} i
O Relu 4 O 0 cx
% 82 \ 2.5 L%J E 82 2.0 '%J
h 79 2.0 3 I-Lh 79 ~ 1.5 3
76 15 & 76 10 ®
Power_Loss Power_Loss
73 1.0 73 0.5
8 10 12 14 16 18 20 8 10 12 14 16 18 20
INPUT VOLTAGE (V) INPUT VOLTAGE (V)
RDO00017 Rev. 1.0 MonolithicPower.com 9
6/24/2022 MPS Proprietary Information. Patent Protected. Unauthorized Photocopy and Duplication Prohibited.

© 2022 MPS. All Rights Reserved.



mes

4.2 Time Domain Waveforms

Buck-boost mode, L = 4.7uH, liep = 1A, fsw = 1.15MHz, channel 1: 4 LEDs (Viep1 = 12V), Ta = 25°C,
unless otherwise noted.

Steady State

MPQ7200 DRL-PL-TI Lamp Reference Design
Synchronous Buck-Boost Mode LED Driver for Automotive Systems

Start-Up through VIN
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. B P . ST
CSIK? ||_1 g . CH4: | ep1 o J .
- ILED @ wov & ][z‘ouus 2.5065/5 [} @ wov & ][4‘00m: 125M8/5 7
1004 % LO0A  F SMpoints  =600mY 2004 & 1004 & SM points 4.00 Y
Shutdown through VIN Start-Up through EN
ILep = 1A ILep = 1A
CH1: V. 2p
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CH3: I 1 " .
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50,0MS/5 RN 100V B }[soous 625MS/s /
5M points 4,00y & 104 u @ 100 & 5M points 2,50V
Shutdown through EN PWM Dimming Steady State
ILep = 1A Dimming frequency =100Hz
: N
N ‘ | I
CHL: Vaw l | Wﬂﬂ CHL: Vews
| :
CH3: 111 CH3: I1 Bmw
T— UL LT
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Buck-boost mode, L = 4.7uH, liep = 1A, fsw = 1.156MHz, channel 1: 4 LEDs (Viep1 = 12V), Ta = 25°C,
unless otherwise noted.

PWM Dimming Steady State PWM Dimming Steady State
Dimming frequency = 500Hz Dimming frequency = 2kHz
CH1: VSWl CHL: VSWl
CH3: It CHa3: IL1
CH4: lLep1 CH4: ILep1
@ wo0v By 2.00ms 250M8/s 7 @ wov L 400us 1.2565/s S
& 2004 B 1.004 By J{ SM points 2.60 & 2004 B 1.004 By J[ SM points 2.60
PWM Dimming PWM Dimming
Start-up through VIN Shutdown through VIN
CH1: Vswi CH1: Vswi
CH3: It CH3: |Ll ‘
CH4: |LED1 CH4: lLepy
125MS/s @ wov B 4.00rms 125M5/s AN
5M points 4.80 ¥ & 2008w 1004 & J[ SM points 4,80 Y
LED+ Short LED- Entry LED Open Entry
CH1: Vsw1
CHL: Vsw1
CH4: Vi epa-
VLED1+
CH3 1 e \--.......____
CH4: | L\u\
LEDI bl CH3: I ep1 ¥
TR Looa & ][AO'WS Sipons __smv J Son . o0 0w [mm i imy ]
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Buck-boost mode, L =4.7uH, l.ep = 1A, fsw = 1.15MHz, channel 2: 3 LEDs (Viep2 = 9V), Ta = 25°C, unless
otherwise noted.

Steady State Start-Up through VIN
ILep = 1A ILep = 1A
I 2
CHL: Vsw2
CHL1: Vsw2 | 05
CH3: 2 g CH3: Iz s
CHA: ez Bo 007 & : 2.00p5 2.5065/5 © CHA4: I ep2 J
E) 1004 & @ L00A & ][ SMpoints 5,20y & J[Mmms 125M5/s 7
— 5 108 & SM points 540V
Shutdown through VIN Start-Up through EN
ILep = 1A lLep = 1A
2
CH1: Vswe P
CH1: Vswz
CHa3: |
CH3: I S
CH4: I ep2 W - ; CH4: e | & (
@ wov w J[IU‘Oms 50,0MS/s Ry H
204w @ Lo & SM points 5.40V ﬁé ;odgx :: R J[suuus 265;403‘;; 212fv
Shutdown through EN PWM Dimming Steady State

ILep = 1A Dimming frequency = 100Hz

o IIE—— = HiH ]

CHS3: I, |»

CH3: 1, |®
CH4: I gpp, @ CHA: 1e0 m'
E) 00V W ][10 Os 2,5083/5 L B
2004 0w @B 1004 & SM points 212 E) 100 B J[zo oms 25.0M5/5 7
E— — € 2004 & £ 1.004 By SM points 2,104
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Buck-Boost mode, L = 4.7uH, lep = 1A, fsw = 1.15MHz, channel2: 3LEDs (Viep2 = 9V), Ta=25°C, unless
otherwise noted.

PWM Dimming Steady State PWM Dimming Steady State
Dimming frequency = 500Hz Dimming frequency = 2kHz
CHL1: Vsw2
CH1: VSWZ
CH3: ILo
CH3: ILo
CH4: ILEDZ
CH4: |LED2
& 1oy B 2.00ms 250MS/'s v
_E 2004 5 @ Loa & ][ SM points 2,10V é%‘SX :: @ n: w J[W“S é&iism/; wav ]
PWM Dimming PWM Dimming
Start-Up through VIN Shutdown through VIN
2 2
CH1: V. CH1: V. | |
. Vsw2 - VSW2 |
I ‘
CH3: ILo CH3: Io | ol
CH4: | epp | 142 CH4: | gpp } J
| 2
N Shooms S . — e —
E— - _E 2004 &% @ 1004 & ][ SV points 6.40Y
LED+ Short LED- Entry LED Open Entry
2
CH1: Vswe
CH1: Vswe
CH3: | ED2
CH3: I [g R SEERAREE
CH4: V ep2-
CH4: I ep2 [)I ; Viep2+ ¥
E) 009 & [400us zsoas/s. \ ] g B : = z
€ 2.004 B € L00a By SM points 5.60 E" 10.0 ¥ 5 {lC‘Oms S0.0MS/ s A\ J
1004 % (_’ 100V 5 SM points 4.60Y
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4.3 Thermal Measurements

Buck-boost mode, Vin = 12V, L = 4.7uH, lep = 1A, fsw = 1.15MHz, channel 1: 4 LEDs (Viep1 = 12V),
channel 2: 3 LEDs (Viep2 = 9V), Ta = 25°C, unless otherwise noted.

Channel 1 Thermal Measurements Channel 2 Thermal Measurements

Auto2 95.1

MIN=41.5 |
MAX=04.1 |
M| AVG=71.7

| MIN=40.5
MAX=81.1
PB| AVG=65.4

LELT TR
rracirre

40.5
mmm 3/25/22 10:11:59 AM E:0.95 BG:25.0 T:100%

s 39.5
§ 3/25/22 10:12:34 AM E:0.95 BG:25.0 T:100%
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4.4 EMC Measurements

Buck-boost mode, Vin = 12V, L = 4.7uH, lep = 1A, fsw = 1.15MHz, channel 1: 4 LEDs (Viep1 = 12V),
channel 2: 3 LEDs (Viep2 = 9V), Ta = 25°C, unless otherwise noted.
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Buck-boost mode, Vin = 12V, L = 4.7uH, lep = 1A, fsw = 1.15MHz, channel 1. 4 LEDs (Viep1 = 12V),
channel 2: 3 LEDs (Viep2 = 9V), Ta = 25°C, unless otherwise noted.
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5 Start-Up

Preset the power supply between 6V and 20V. Note that the sum of the input voltage (Vin) and output
voltage (Viep) should be below 40V.

=

2. Connect the power supply terminals to:
a. Positive (+): VIN
b. Negative (-): GND
3. Connect the load terminals to:
a. Positive (+): LED+
b. Negative (-): LED-

It is recommended to use 4 LEDs in series for the LED1 channel, 2 LEDs for the daytime running
lamp (DRL), 2 LEDs for the position lamp (PL), and 3 LEDs in series for the LED2 channel, which
functions as the turn indicator (TI).

4. After making the connections, turn the power supply on.
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6 Disclaimer

Monolithic Power Systems (MPS) reserves the right to make changes to its products and to discontinue
products without notice. The applications information, schematic diagrams, and other reference
information included herein is provided as a design aid only and are therefore provided as-is. MPS makes
no warranties with respect to this information and disclaims any implied warranties of merchantability or
non-infringement of third-party intellectual property rights.

MPS cannot assume responsibility for use of any circuitry other than circuitry entirely embodied in an
MPS product. No circuit patent licenses are implied.

Certain applications using semiconductor products may involve potential risks of death, personal injury,
or severe property or environmental damage (“Critical Applications”).

MPS PRODUCTS ARE NOT DESIGNED, INTENDED, AUTHORIZED, OR WARRANTED TO BE
SUITABLE FOR USE IN LIFE SUPPORT APPLICATIONS, DEVICES OR SYSTEMS, OR OTHER
CRITICAL APPLICATIONS.

Inclusion of MPS products in critical applications is understood to be fully at the risk of the customer.
Questions concerning potential risk applications should be directed to MPS.

MPS semiconductors are typically used in power supplies in which high voltages are present during
operation. High-voltage safety precautions should be observed in design and operation to minimize the
chance of injury.
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