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APPLICATION NOTE 4669
112W boost driver for long strings of LEDs using all ceramic capacitors

By: Jim Christensen, Strategic Applications Engineer

Abstract: This reference design uses the MAX16834 to create a high-powered LED driver for a very long string(s) of LEDs. The
LED current is adjustable with a potentiometer, and can be set as high as 1.5A into as many as 20 LEDs (75V total). For long
life, ceramic capacitors are used for both input and output decoupling.

This is a reference design for a 112.5W boost LED driver that uses the MAX16834 for long strings of LEDs. These long LED
strings are commonly found in streetlights and parking garage lights.

Input voltage: 24VDC 5% (at 1.49A)

V| ep configuration: Two parallel strings. Each string consists of 19 WLEDs and a 5Q resistor for current balancing. Current is
750mA per sting for a total of 1.5A into 75V.

Dimming: 50us (min) on-pulse for up to a 200:1 dimming ratio with a 100Hz dimming frequency

Note: this design has been built and tested. However, detailed testing has not occurred and there may be nuances that
have yet to be discovered.
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More detailed image (PDF, 7.6MB)
Figure 1. The LED driver board.
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More detailed image (PDF, 290kB)
Figure 2. Schematic of the LED driver.
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More detailed image (PDF, 913kB)
Figure 3. Layout of the LED driver.
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Component

Sowrce Data From

Project
Wariam

list

RO ZI0IC. PriPCB

BIAXTG034 EVRL T Layer, 241N, VLED=T3V. ILED=1.34

Hane

1 CAPACITOR - POLARIZED CARACITOR - PANASOMIC O i

2 |e2 MO - NONPOLARZED OuF 500 XTR 206 1

3 JC3,C4,CE C8 CAPACITOR - NONPOLARIZED 1. 2uF 250V XTR 2235 4

[ =5 ITOR - NONPOLARZED 6 AR Joacs 1

5 |cs CAPACITOR - HONPOLAREZED 0 003 3uF SO0V, XTR | 1

& |ce. ci,cin cis ciF ITOR - NOWPOLARTED 1uF 25 XTR | 2] 5

7 |z CAPACITOR - NONPOLARZED 0 15uF SOV XTR Joeca 1

5 o ITOR - NONFOLAREED SV XTR Joeca 1

2 Jci4 CAPACITOR - NONPOLARIZED 0. 1uF 500 XTR II:BD:I- 1

10 [cie - NONPOLARIEED DOTuF S0V, XTR | T 1

11 [ DICOE - SCHOTTY D-2AK STPESH 100 TO-252 D-PAK 1

12 |oe - SCHOTTKY pop ShiA 1

13 |04 DHDDE B0 W 5-T-F (500323 1

14 |8 - TEMER s00-50 1
i ']

= E;L:;J;.EF:;IMDI'. T COMMECTOR - T HEADER - 100MIL 1332 £

18 _|SHD. LEDs, LED- VN TION 1WA 1371 HOLE - 1.77h0 4
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MOSFET - N CHAMNMEL RN !TD-!E! O-PAK 1

SETOR - NP | | EEIFEE] 1

RESISTOR 0.06,0. 5% F 2

ESHTON | 2 2

RESISTOR 2o 0E03 1

ESISTOR | s 1306 1

RESISTOR 143K Lo} 2

hr. | E 1

RESIETOR 10.0K e 2

O BTK. Ic?n 1

RESISTOR = Joecz 1

ESISTOR | B 1

RESIETOR - ADJUSTABLE 10K IPUTEI\HH:“-ETEFI: - BOURMNS 3314 i

[RESIETOR k | 1

RESIETOR FO-pop [eTe ]

m iﬁu [ T

|Max1EaI4ALP | e TSEOP0-EP 1

More detailed image (PDF, 1.7MB)
Figure 4. Bill of materials.
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Basic Boost Converter Design

Spreadsheet is protected bul can be changed to unprotected (no password) Maxim Integrated Products

Legend: I i

Input Walues In Blue - Adjust fo match the circuit [ Output Values in Yellow -- Read Only

Inputs Symbol| MIN_| TYP | MAX [ Symbol | MIN | MAX | UNITS |

input Vollage Wiy 21.60 26.40

Assumed Efficiency (except dioden 0.64

Quiput LED Violtage Vign 75.00

Dutput Curnent [ 1.500

Inductor Ripphe Current Ralia LIR 0.450

Output Diode Voltage Drop Vi 030 0.70

Switching Freguency o 200.00

Accaptable Output Voltags RippldVog 1.00

Current Sense Resistor IR 0.003
[2]s] 0edg] 073
Ton 3.247] 3.658] mec
Tr*p 1,342 1,753 sec |
L G ]

Inductance Valug Cheosen L 26.4 33 39.6

|Senes Resistance of L R, 0.0029
han 5.580 A
by 2983] 3.2047 A
by 7.086 A
(™ 4043 A
(. 5.656 A
B .01 W
o 4838] A |
[ 7.086 A
ik 75,700 W
M 0.021 W
Ve 0.009 W
SC 0.863
Wer 0.008 W

Ve 0.0246 i

e F i )
[ 5487] o F

More detailed image (PDF, 1.3MB)
Figure 5. Design spreadsheet provides peak and RMS currents in the MOSFET and inductor. To get the spreadsheet for use in
your design, contact your local Maxim sales office.
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Figure 6. Switching MOSFET voltage and current-sense resistor voltage.
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Figure 7. Output voltage (AC coupled) and switching MOSFET current-sense resistor voltage.
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Figure 8. Drain voltage risetime.
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Figure 9. Drain voltage falltime.
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Figure 10. LED voltage (AC coupled) and current ripple.
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Figure 11. LED voltage (AC coupled) and MOSFET current-sense voltage.
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Figure 12. Dimming pulse of ~150us.
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Figure 13. Dimming pulse of ~50us.
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Figure 14. OVP with open LED string.
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Inductor Core & Winding Loss Calculator

Step1,2,3 Enter the operating conditions (a fieids requireq)

Freguency IL rms max AIL peak-peak
200 kHz 7.10 Amps 3.00 Amps
Calculate

Results (esimated)

Inductor 1 Inductor 2 Inductor 3 Inductor 4

SER2918H-333
3198 each at 1.000 gty.

Total inductor loss 313 mWw vy mvy miW
Inductor core loss 197 mw mvy vy mvy
DCR loss 116 mw mvy mvy m\y
AC winding loss 1 m Wy My mvy
Temperature rise 7 °C C °C °C
Start over

This logs calculator is intended to provide the best possible estimate of inductor losses over a range of frequencies, load
currents and ripple currents, Actual performance may vary based an operating conditions and should abvays be verified
experimentally for each application

Figure 15. Predicted inductor temperature rise. The calculator is available from Coilcraft® design support tools.

Circuit description
Overview

This reference design is for a high-voltage boost current source for very long strings of LEDs. Applications that use long LED
strings include, but are not limited to, streetlights and parking garage lights. Long LED strings can be a very cost-effective way to
drive LEDs. Also, since the LEDs will have exactly the same current, brightness variations are nicely controlled. This design has a
24V input, up to a 75V LED output, and drives 1.5A through the LED string (or strings, if paralleled). The measured input power is
115.49W and the output power is 111.6W for an efficiency of about 96.6%.

PCB

The printed circuit board (PCB) is a general-purpose two-layer board for MAX16834 boost designs (Figures 1 and 3). Some PCB
features are optional and not populated in the tested design; they are indicated on the schematic (Figure 2) as "no-pop." The
layout uses a ground island below the IC that is single point connected to the power ground for low-noise operation. The design
also uses the TSSOP version of the IC, since many streetlight manufacturers will not have the equipment to properly solder the
alternate package, a TQFN. Figure 4 shows a Bill of Materials for this design.
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Topology

This design is for a 200kHz continuous-boost regulator. In Figure 5 the spreadsheet printout shows the RMS and peak currents in
the MOSFET and inductor. Continuous designs have the advantage of lower MOSFET and inductor currents. However, since
current flows through the output diode (D2) when the MOSFET (Q1) turns on, the reverse recovery losses in the output diode
result in higher dissipation and possibly higher turn-off noise. Inspecting the circuit waveforms in Figure 6, you can see that the on-
time of the MOSFET is about 3.4us and the off-time is about 1.5us for a 69% duty cycle. Once the MOSFET turns off, the drain
voltage rises to the output voltage plus a Schottky diode drop.

MOSFET drive

Because of the continuous design, the peak MOSFET and inductor currents are less than what they would be with a discontinuous
design. However, since there is current through the MOSFET during turn-on and turn-off, the MOSFET experiences switching
losses during both transitions. The MAX16834 drives the MOSFET hard enough for the switch to turn on in about 5ns and turn off
in 10ns (Figures 8 and 9), thus keeping the temperature rise low. If EMI becomes a problem, change the series resistor, R5, on
the MOSFET gate to adjust the switching times. If this action causes too much power dissipation, place a second MOSFET, Q2, in
parallel with Q1 to reduce the temperature rise.

Output capacitance

For the input and output capacitance, the driver uses ceramic capacitors. Ceramic capacitors are durable and small but have
limited capacitance, especially with a 200V rating which this design needs. In Figure 5, the design spreadsheet indicates that the
driver needs 5.4uF to meet the desired output ripple voltage; to reduce cost and space, this circuit uses four 1.2uF capacitors
(4.8uF in total). Consequently, the output voltage switching ripple is 2.88V (Figures 10 and 11), resulting in a current ripple of
182mA. This is 12% of the output current, somewhat higher than the target of 10% but still acceptable.

Dimming

The MAX16834 is well suited for dimming. When the PWMDIM (pin 12) goes low, three things happen. First, the gate drive (NDRV,
pin 15) of the switching MOSFET, Q1, goes low. This prevents the delivery of additional energy to the LED string. Secondly, the
gate drive (DIMOUT, pin 20) of the dimming MOSFET, Q4, goes low, immediately curtailing the LED string current and holding the
voltage on the output capacitors constant. Finally, to keep the compensation capacitance at a steady-state voltage, the COMP (pin
5) goes to high impedance. This ensures that the IC will start at the correct duty cycle immediately after PWMDIM returns high.
Each of these actions allows for short PWM on-times, and thus, fairly high dimming ratios.

The main limitation to short on-times is the charge-up time of the inductor. Looking at Figures 12 and 13, you see that the current
follows the DIM pulse very well. There is decay at the beginning of the current pulse which is due to the ramp-up time of the
inductor (about 12us or roughly 2—3 switching cycles). Looking at the waveforms, you see that it takes about 40us to 50us for the
voltage to fully recover and settle. If the DIM on-pulse is any shorter than 50us, the output voltage would still be in deficit at the
start of the next off pulse. This can cause erratic behavior that will persist until the DIM duty cycle is increased. Therefore, under
full load (1.5A), the DIM on-pulse should never be less than 50us. This implies that at a DIM frequency of 100Hz, the dimming
ratio is 200:1. The only way to reduce the minimum on-pulse requirement is to increase the output capacitance, which is expensive
and not usually needed for general lighting. If you reduce the LED current, the minimum on-time will drop and the dimming ratio
can be increased. Ceramic capacitors exhibit a piezoelectric effect and there is some audible noise during dimming. However, with
proper circuit-board mounting techniques, you can minimize the noise.

OVP
In Figure 14, the LED string is opened and the overvoltage protection (OVP) circuitry of the MAX16834 shuts down the driver for

about 400ms between retry attempts. The peak voltage of 107V is higher than the design of 83V because of overshoot, caused by
the low-output capacitance and the energy stored in the inductor.

Adjustments and various other inputs and outputs

R15 is a linear potentiometer that can adjust the LED current to any level between OA and 1.7A. The MAX16834 has an input
(SNYC) for synchronizing the switching frequency of the controller, if needed. The UVEN input allows external control of the driver
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(On/Off). A low-impedance source on the REFIN input overrides the potentiometer setting and allows control of the driver current.
For example, a buffered DAC in a microcontroller can control the LED current using REFIN. The FLT# output goes low during the
presence of a fault (such as OVP). Once the fault is removed, the signal returns high; it is does not latch.

Temperature rise

The measured efficiency was 96.63% (V|ny = 24.01V; |_IN = 1.49A; Py = 115.49W; V| gp = 74.9V; |_LED = 1.49A; Poyrt =

111.60W). Due to the high efficiency of the circuit, the components of the driver remain cool. The hottest component is the
dimming MOSFET, Q4, which has a temperature rise of 41°C. This temperature rise is due principally to the small PCB footprint,
and can be improved if the copper area around the drain pad is increased. The inductor, which is large, has a temperature rise of
23°C, higher than the predicted 7°C (Figure 15). It is likely that the inductor absorbs some of the MOSFET heat, since they both
share the same large copper pad.

Temperature measurements
The following temperatures were measured using actual LED loads:

vii__[eavoc] |

Lq: 39°C  23°C
Dy: 51°C  35°C
Qi: 51°C 35°C
Qs: 57°C  41°C
IC: 33°C  17°C

Power-up procedure

1. Attach a string of up to 20 LEDs between the LED+ post and LED- post with an ammeter in series to measure the current.
(Note: parallel strings can be used if the forward voltages of the LEDs are matched and/or series balancing resistors are
added.)

Attach a 24V, 6A power supply between the V|5 post and GND post.

Insert a shunt on connector J2.

Turn on the 24V power supply.

Adjust R15 to set the current from 0 to 1.5A.

If dimming is desired, attach a PWM signal (OV to 3.3V) between the DIM IN post and GND post.

Adjust the PWM duty cycle as desired to obtain dimming.

Noosw®N

Coilcraft is a registered trademark of Coilcraft, Inc.

Related Parts

High-Power LED Driver with Integrated High-Side LED Current Sense and PWM Dimming MOSFET  -- Free

MAX16834 Driver Samples

Automatic Updates

Would you like to be automatically notified when new application notes are published in your areas of interest? Sign up for EE-
Mail ™.

Application note 4669: www.maxim-ic.com/an4669
More information
For technical support: www.maxim-ic.com/support
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