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R o MMz High-Brightness LED Drivers with
High-Side Current Sense and 5000:1 Dimming

General Description

The MAX16819/MAX16820, step-down constant-current
high-brightness LED (HB LED) drivers provide a cost-
effective solution for automotive interior/exterior lighting,
architectural and ambient lighting, LED bulbs such as
MR16 and other LED illumination applications.

The MAX16819/MAX16820 operate from a 4.5V to 28V
input voltage range and feature a 5V/10mA on-board
regulator. A high-side current-sense resistor adjusts the
output current and a dedicated PWM input (DIM)
enables a wide range of pulsed dimming.

The MAX16819/MAX16820 are well suited for applica-
tions requiring a wide input voltage range. The high-side
current-sensing and an integrated current-setting circuit-
ry minimize the number of external components while
delivering an LED current with £5% accuracy. A hys-
teretic control algorithm ensures excellent input-supply
rejection and fast response during load transients and
PWM dimming. The MAX16819 features a 30% inductor
current ripple and the MAX16820 features a 10% current
ripple. These devices operate up to 2MHz switching fre-
quency, thus allowing for small component size.

The MAX16819/MAX16820 operate over the -40°C to
+125°C automotive temperature range and are avail-
able in 3mm x 3mm x 0.8mm, 6-pin TDFN packages.

Applications
Architectural, Industrial, and Ambient Lighting
Automotive RCL, DRL, and Fog Lights

MR16 and Other LED Bulbs

Indicators and Emergency Lighting

Pin Configuration

Features

High-Side Current Sense

Dedicated Dimming Control Input
20kHz Maximum Dimming Frequency
Hysteretic Control: No Compensation
Up to 2MHz Switching Frequency
+5% LED Current Accuracy
Adjustable Constant LED Current
4.5V to 28V Input Voltage Range
Over 25W Output Power

5V, 10mA On-Board Regulator

-40°C to +125°C Operating Temperature Range

® & O ¢ O O O 00

Ordering Information

TOP
PART PIN-PACKAGE PKG CODE MARK
MAX16819ATT+T 6 TDFN-EP~* T633-2 +ATB
MAX16820ATT+T 6 TDFN-EP~* T633-2 +ATC

Note: All devices are specified over the -40°C to +125°C oper-
ating temperature range.

+Denotes lead-free package.
*EP = Exposed paddle.

Typical Operating Circuit
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For pricing, delivery, and ordering information, please contact Maxim/Dallas Direct! at
1-888-629-4642, or visit Maxim’s website at www.maxim-ic.com.
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MAX16819/MAX16820

2MHz High-Brightness LED Drivers with
High-Side Current Sense and 5000:1 Dimming

ABSOLUTE MAXIMUM RATINGS

IN, CSN, DIM 10 GND .....ooooiiiiiiiiiiiie -0.3V to +30V
Ve, DRVIO GND oo, -0.3V to +6V
CON O INL L -0.3V to +0.3V
Maximum Current into Any Pin

(except IN, Vee, and DRV) .o +20mA

Continuous Power Dissipation (Ta = +70°C)
6-Pin TDFN (derate 18.17mW/°C" above +70°C)....... 1454mWwW

Operating Temperature Range ............ccc...o.....
Junction Temperature ...........ccooveeiiiiiiiiiic
Storage Temperature Range ..........cc.ccooeveeeen.

Lead Temperature (soldering, 10s)
Pin-to-Pin ESD Ratings (HB Model)..........c.ccccooeviiviiiininnn. 2.5kV
*As per JEDEC51 Standard (Single-Layer Board).

Stresses beyond those listed under “Absolute Maximum Ratings” may cause permanent damage to the device. These are stress ratings only, and functional
operation of the device at these or any other conditions beyond those indicated in the operational sections of the specifications is not implied. Exposure to
absolute maximum rating conditions for extended periods may affect device reliability.

ELECTRICAL CHARACTERISTICS

(VIN = 12V, Vpim = VIN, Cvce = 1uF, Rsense = 0.5Q, Ta = Ty = -40°C to +125°C, unless otherwise noted. Typical values are at

Ta = +25°C.) (Note 1)

PARAMETER SYMBOL CONDITIONS MIN TYP MAX UNITS

Input Voltage Range VIN 4.5 28.0 Y
Maximum Current Regulator
Switching Frequency fsw 2 MHz
Ground Current IGND DRV open 15 mA
Supply Current IIN Vpim < 0.6V 425 uA

VIN = VcsN = VDim, VN rising from 4V until 47 50

VpRy > Voo - 0.5V ' '
Undervoltage Lockout UVLO \

VIN = VcsN = Vpim, VIN falling from 6V, 45

VDRy < 0.5V '
Undervoltage Lockout Hysteresis 0.5 Vv
SENSE COMPARATOR

(VIN - VcsN) rising from OV until VpRy <

0.5V (MAX16820) 195 210 225
Sense Voltage Threshold High VSNSHI Y ) ; o v mV

IN - VCsN) rising from until VpRry <
0.5V (MAX16819) 213 230 246
(VIN - Vcsn) falling from 0.26V until Vpry >
17 1 204

(Vce - 0.5V) (MAX16820) 6 %0 0
Sense Voltage Threshold Low VSNSLO mV

(VIN - VcsN) falling from 0.26V until Vpry > 158 170 182

(Vce - 0.5V) (MAX16819)
Propagation Delay to Output Falling edge of (V|N - Vcsn) from 0.26V to
High IBPDH | 6/ 1o DRV high, CpRy = 1nF 82 ns

. Rising edge of (VIN - VcsN) from OV to
Propagation Delay to Output Low tDPDL 0.26V to DRV low, CORY = 1nF 82 ns
Current-Sense Input Current IcsN (VIN - VCsN) = 200mV 1 pA
Current-Sense Threshold MAX16819 56 70 mV
. CSHys
Hysteresis MAX16820 17 35 mvV
2 M AXIW




2MHz High-Brightness LED Drivers with
High-Side Current Sense and 5000:1 Dimming

ELECTRICAL CHARACTERISTICS (continued)

(VIN = 12V, Vpim = VIN, Cvce = 1uF, Rsense = 0.5Q, Ta = Ty = -40°C to +125°C, unless otherwise noted. Typical values are at

Ta = +25°C.) (Note 1)

PARAMETER | SYMBOL | CONDITIONS MIN TYP MAX | UNITS

GATE DRIVER
Gate Driver Source Current VesN = VIN, Vpbry = 0.5 x Ve 0.5 A
Gate Driver Sink Current VesN = VIN - 250mV, Vpry = 0.5 x Ve 1 A
Gate Driver Output-Voltage High VOH IDRV = 10mMA Vece - 0.5 V
Gate Driver Output-Voltage Low VoL IDRV = -10mA 0.5 V
DIM INPUT
Maximum DIM Frequency fDIM 20 kHz
DIM Input-Voltage High Vib stc“‘zo\g\“‘/) increase DIM until Vorv > 28 v
DIM Input-Voltage Low ViL xg;s - (\)/_'E’j\'/decrease DIM until 0.6 v
DIM Hysteresis DIMHYs 200 mV
DIM Turn-On Time DIvON | g o9 2608 1o VDRY =05 x Ve 100 ns
DIM Turn-Off Time tDIMOFF ng'\g\ja:'“?gFedge o VoRv =05 x Vec, 100 ns
DIM Input Leakage High VDIM = VIN 10 uA
DIM Input Leakage Low Vpim = 0OV -1 +1 pA
Vcc REGULATOR

lvcec = 0.1mA to 10mA, VN = 5.5V to 28V 4.5 55 V
Regulator Output Voltage Vce

lvcc = 0.1mA to 10mA, ViN = 4.5V to 28V 4.0 55 \Y
Load Regulation lvec = 0.1mA to 10mA, VIN = 12V 4 Q
Line Regulation VIN = 6V to 28V, lycc = 10mA 11 mV
Power-Supply Rejection Ratio PSRR VIN = 12V, Iycc = 5mA, fiN = 10kHz -35 dB

L VIN = 4.5V, Ve = 0V 45 mA

Current Limit ILIM

VIN = 4.5V, Ve = 4V 18 mA
Regulator Startup Time tSTRAT Vcec =0to 4.5V 350 us
Note 1: All devices are 100% production tested at Ty = +25°C and +125°C. Limits to -40°C are guaranteed by design.
MAXIV 3
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MAX16819/MAX16820

2MHz High-Brightness LED Drivers with
High-Side Current Sense and 5000:1 Dimming

Typical Operating Characteristics

(VIN = Vpim = 12V, Cycc = 1uF, Rsense = 0.5Q connected between IN and CSN. Typical values at Ta = +25°C, unless otherwise

noted.)
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2MHz High-Brightness LED Drivers with
High-Side Current Sense and 5000:1 Dimming

noted.)
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Typical Operating Characteristics (continued)
(VIN = Vpim = 12V, Cycc = 1uF, Rsense = 0.5Q connected between IN and CSN. Typical values at Ta = +25°C, unless otherwise
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MAX16819/MAX16820

2MHz High-Brightness LED Drivers with
High-Side Current Sense and 5000:1 Dimming

Pin Description

PIN NAME FUNCTION
1 IN Positive Supply Voltage Input. Bypass with a 1uF or higher value capacitor to GND.
2 CSN Current-Sense Input
3 DIM Logic-Level Dimming Input. Drive DIM low to turn off the current regulator. Drive DIM high to enable

the current regulator.

GND Ground

5 DRV Gate Drive Output. Connect to the gate of an external n-channel MOSFET.
Vce Voltage Regulator Output. Connect a 1uF capacitor from Vcc to GND.
Ep o Exposed Paddle. Connect to a large-area ground plane for improved power dissipation. Do not use

as the only ground connection for the device.

Functional Diagram

REGULATOR Vee

cs >
COMPARATOR
CSN § GATE DRV
DRIVER
Y
123V -
BANDGAP '
REF _
UVLO
% COMPARATOR
L GND
DIM | DM MAXIN
BUFFER MAX16819
MAX16820

Detailed Description

The MAX16819/MAX16820 are step-down, constant-
current, high-brightness LED (HB LED) drivers. These
devices operate from a 4.5V to 28V input voltage range
and provide up to 0.5A of source and 1A of sink drive
capability to the gate of an external MOSFET. A high-
side current-sense resistor sets the output current and

6

a dedicated PWM dimming input (DIM) allows for a
wide range of independent pulsed dimming.

The high-side current-sensing scheme and on-board
current-setting circuitry minimize the number of exter-
nal components while delivering LED current with a
+5% accuracy, using a 1% sense resistor. See the
Functional Diagram.

MAXIMN




2MHz High-Brightness LED Drivers with
High-Side Current Sense and 5000:1 Dimming

Undervoltage Lockout (UVLO)
The MAX16819/MAX16820 include a 4.5V undervoltage
lockout (UVLO) with 500mV hysteresis. When V|N falls
below 4.5V, DRV goes low, turning off the external n-chan-
nel MOSFET. DRV goes high once V|N is 5V or higher.

5V Regulator
Vcc is the output of a 5V regulator capable of sourcing
10mA. Bypass Vcc to GND with a 1uF capacitor.

DIM Input
The MAX16819/MAX16820 allow dimming with a PWM
signal at the DIM input. A logic level below 0.6V at DIM
forces the MAX16819/MAX16820’s DRV output low,
turning off the LED current. To turn the LED current on,
the logic level at DIM must be at least 2.8V.

Applications Information

Selecting RSeNSE to Set the LED Current
The MAX16819/MAX16820 feature a programmable LED
current using a resistor connected between IN and CSN.
Use the following equation to calculate the sense resistor:

1 (VsnsHi + VsnsLo)(V)
2 lLep(A)

Rsense(®) =

For the values of VsNsHI and VSNSLO, see the Electrical
Characteristics.

Current Regulator Operation
The MAX16819/MAX16820 regulate the LED output
current using an input comparator with hysteresis
(Figure 1). As the current through the inductor ramps
up and the voltage across the sense resistor reaches
the upper threshold, the voltage at DRV goes low, turn-
ing off the external MOSFET. The MOSFET turns on
again when the inductor current ramps down through
the freewheeling diode until the voltage across the
sense resistor equals the lower threshold. Use the fol-
lowing equation to determine the operating frequency:

(Vin =nxVLep ) xnx VL ED xRSENSE
V|N x AV x L

fow =

where n = number of LEDs, VLD = forward voltage
drop of one LED, and AV = (VSNSHI - VSNSLO).

For proper component selection, please use the design
tool available at: http://www.maxim-ic.com/MAX16819-
20-Tool.

HYSTERETIC MODE

ILeD

AVG. LED
CURRENT

\

Voim

\

Figure 1. Current Regulator Operation

MAXIM
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MAX16819/MAX16820

2MHz High-Brightness LED Drivers with
High-Side Current Sense and 5000:1 Dimming

MOSFET Selection
The MAX16819/MAX16820’s gate driver is capable of
sourcing 0.5A and sinking 1A of current. MOSFET selec-
tion is based on the maximum input operating voltage
VIN, output current ILED, and operating switching fre-
quency. Choose a MOSFET that has a higher break-
down voltage than the maximum operation voltage, low
RDs(ON), and low total charge for better efficiency.
MOSFET threshold voltage must be adequate if operat-
ed at the low end of the input-voltage operating range.

Freewheeling Diode Selection
The forward voltage of the freewheeling diode should
be as low as possible for better efficiency. A Schottky
diode is a good choice as long as the breakdown volt-
age is high enough to withstand the maximum operat-
ing voltage.
The forward current rating of the diode must be at least
equal to the maximum LED current.

LED Current Ripple
The LED current ripple is equal to the inductor current
ripple. In cases when a lower LED current ripple is
needed, a capacitor can be placed across the LED ter-
minals.

PCB Layout Guidelines
Careful PCB layout is critical to achieve low switching
losses and stable operation. Use a multilayer board
whenever possible for better noise immunity. Minimize
ground noise by connecting high-current ground
returns, the input bypass-capacitor ground lead, and
the output-filter ground lead to a single point (star
ground configuration). In normal operation, there are
two power loops. One is formed when the MOSFET is
on and the high current flows through IN—RSENSE—
LEDs—Inductor—MOSFET—GND. The other loop is
formed when the MOSFET is off when the high current
circulates through RseNse—LEDs—Inductor—free-
wheeling diode. To minimize noise interaction, each
loop area should be as small as possible.

Place RSENSE as close as possible to the input filter
and IN. For better noise immunity, a Kelvin connection
is strongly recommended between CSN and RSENSE.
Connect the exposed paddle to a large-area ground
plane for improved power dissipation.

Chip Information

PROCESS: BICMOS

MAXIMN




2MHz High-Brightness LED Drivers with
High-Side Current Sense and 5000:1 Dimming

Package Information

(The package drawing(s) in this data sheet may not reflect the most current specifications. For the latest package outline information
go to www.maxim-ic.com/packages.)
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MAX16819/MAX16820

2MHz High-Brightness LED Drivers with
High-Side Current Sense and 5000:1 Dimming

Package Information (continued)

(The package drawing(s) in this data sheet may not reflect the most current specifications. For the latest package outline information
go to www.maxim-ic.com/packages.)

COMMON DIMENSIONS PACKAGE VARIATIONS
SYMBOL | MIN. MAX. PKG. CODE N D2 E2 e JEDEC SPEC b [(N/2)-1] x e

A 0.70 0.80 T633-2 6 1.50+0.10 2.30+0.10 | 0.95BSC MO229 / WEEA 0.40+0.05 1.90 REF

D 2.90 3.10 T833-2 8 1.50+0.10 2.30+0.10 | 0.65BSC MO229 / WEEC 0.30+0.05 1.95 REF

E 2.90 3.10 T833-3 8 1.50+0.10 2.30+0.10 | 0.65BSC MO229 / WEEC 0.30+0.05 1.95 REF

Al 0.00 0.05 T1033-1 10 | 1.50+0.10 2.30+0.10 | 0.50 BSC | MO229/WEED-3 | 0.25+0.05 2.00 REF

L 0.20 0.40 T1033-2 10 1.50+0.10 2.30£0.10 0.50 BSC | MO229/WEED-3 | 0.25+0.05 2.00 REF

k 0.25 MIN. T1433-1 14 | 1.70+0.10 2.30+0.10 | 0.40 BSC ---- 0.20+0.05 2.40 REF

A2 0.20 REF. T1433-2 14 | 1.70+0.10 2.30+0.10 | 0.40 BSC .- 0.20+0.05 2.40 REF
NQOTES:
1. ALL DIMENSIONS ARE IN mm. ANGLES IN DEGREES.
2. COPLANARITY SHALL NOT EXCEED 0.0B mm.
3. WARPAGE SHALL NOT EXCEED 0.10 mm.
4, PACKAGE LENGTH/PACKAGE WIDTH ARE CONSIDERED AS SPECIAL CHARACTERISTIC(S).
5. DRAWING CONFORMS TO JEDEC MO229, EXCEPT DIMENSIONS "D2" AND "E2", AND T1433-1 & T1433-2.
6. "N" IS THE TOTAL NUMBER OF LEADS.
7. NUMBER OF LEADS SHOWN ARE FOR REFERENCE ONLY.
A\ MARKING IS FOR PACKAGE ORIENTATION REFERENCE ONLY.

TITLE:
PACKAGE OUTLINE, 6,8,10 & 14L,
TDFN, EXPOSED PAD, 3x3x0.80 mm
APPROVAL DOCUNENT CONTROL NO.  [REV. | o
—DRAWING NOT TO SCALE— 21-0137 I A

Revision History

Pages changed at Rev 1: 1, 4, 10

Maxim cannot assume responsibility for use of any circuitry other than circuitry entirely embodied in a Maxim product. No circuit patent licenses are
implied. Maxim reserves the right to change the circuitry and specifications without notice at any time.
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KomnaHus ((3J'IeKTpO|_|J'|aCT» npeanaraeT 3akKn4vyeHmne onrocpoYHbIX OTHOLLIEHUN npu
NOoCTaBKaxX MMMNOPTHbIX 3NTEKTPOHHbIX KOMMOHEHTOB Ha B3aMMOBbLIFO4HbIX yCJ'IOBI/lFlX!

Hawwn npeumyuiectsa:

e OnepaTuBHbIE NOCTABKM LUMPOKOrO CMeKTpa 3NeKTPOHHbIX KOMMNOHEHTOB OTEYECTBEHHOIO U
MMMOPTHOrO NPON3BOACTBA HANPAMYO OT MPOM3BOAMTENEN U C KPYNMHENLLNX MUPOBbLIX
CKNaaos.;

MocTaBka 6onee 17-TM MUNIIMOHOB HAMMEHOBAHWUIN 3NEKTPOHHbLIX KOMMNOHEHTOB;

MocTaBka CNoXHbIX, AeULNTHBIX, MMOO CHATLIX C MPOM3BOACTBA NO3ULIUIA;

OnepaTtunBHbIE CPOKM NOCTABKM Nof 3aka3 (0T 5 pabounx gHewn);

OKcnpecc goctaska B Nnobyto Touky Poccuu;

TexHnyeckas nogaepkka npoekTa, NomMoLLlb B nogdope aHanoros, NocTaBka NPOTOTUMOB;

Cuctema MeHeXMeHTa KavyecTBa cepTuduumnposaHa no MexayHapogHomy ctaHgapTty 1ISO

9001;

o JlnueHausa ®CH Ha ocyulecTBneHne paboT ¢ NCNONb30BaHWEM CBEOEHUIN, COCTABAOLLINX
rocygapCTBEHHYIO TalHy;

o [locTaBka cneumnanmampoBaHHbIX KOMNoHeHToB (Xilinx, Altera, Analog Devices, Intersil,
Interpoint, Microsemi, Aeroflex, Peregrine, Syfer, Eurofarad, Texas Instrument, Miteq,
Cobham, E2V, MA-COM, Hittite, Mini-Circuits,General Dynamics v gp.);

MoMMMO 3TOro, O4HMM M3 HanpaBnNeHU koMnaHum «AnekTpollnacT» ABNseTca HanpaBneHne

«UcTouHmkn nutaHua». Mel npeanaraem Bam nomoub KoHCTpyKTOpCKOro otaena:

e [logGop onTuManeHOro peleHus, TexHn4eckoe 060CHOBaHME Npu BbIOOpPE KOMMOHEHTA;
Monbop aHanoros.;
KoHcynbTaumm no NpUMEHEHMIO KOMMOHEHTA;
MocTaBka 06pa3yoB M NPOTOTUMNOB;
TexHn4veckasn noaaepka npoekTa;
3awmTa OT CHATMSA KOMMOHEHTA C NPON3BOACTBA.

Kak c Hamu cBfizaTbCcA

TenedoH: 8 (812) 309 58 32 (MHOrokaHanbHbIN)
Pakc: 8 (812) 320-02-42

OnekTpoHHas nouTta: org@eplastl.ru

Aapec: 198099, r. Cankt-INeTepbypr, yn. KannHuHa,
Oom 2, kopnyc 4, nutepa A.
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