DN06031/D
Design Note — DN06031/D

High Brightness LED SEPIC Driver

ON Semiconductor

Device | Application | Input Voltage | Output Power | Topology | I/O Isolation
Solid State,
Naoes Automotive and 8-25 V <15W SEPIC NONE
Marine Lighting
Other Specifications

Output 1 Output 2 Output 3 Output 4
Output Voltage 7.2-23V N/A N/A N/A
Current Ripple <15% N/A N/A N/A
Nominal Current 0.35,0.7 A N/A N/A N/A
Max Current 1A N/A N/ A N/A
Min Current N/A N/A N/A N/A

Minimum Efficiency 70%

Circuit Description

This circuit is intended for driving high
power LEDs, such as the Cree XLAMP™
series, Lumileds Luxeon™ Rebel and K2 and

Key Features

* Buck-Boost operation

OSRAM, Golden and Platinum Dragon™ as * Wide input and output operation voltage
well as the OSTAR™. It is designed for such * Regulated output current

wide input nominal 12 Vdc applications as * Dimming .

automotive and low voltage lighting (12 * High frequency operation .
Vdc/12 Vac). An optional dimming PWM input * Minimal input and _output current ripple
is included. The circuit is based on NCP3065 * Open LED protection

operation at 250kHz in a non-isolated * Output short circuit protection

configuration. The primary advantages of this
circuit are in the wide input voltage range,
wide output voltage range, and in its high
efficiency.

A pulse feedback resistor (R8) is used to
vary the slope of the oscillator ramp,
achieving duty cycle control and steady
switching frequency over a wide input voltage
range.
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Schematic
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Figure 1 — SEPIC converter schematic

Design Notes

A SEPIC (single-ended primary inductance converter) is distinguished by the fact that its input
voltage range can overlap the output voltage range. The basic schematic is shown in Figure 2.
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Figure 2 — Generalized SEPIC schematic

When switch SW is ON, energy from the input is stored in inductor L1. Capacitor CP is
connected in parallel to L2, and energy from CP is transferred to L2. The voltage across L2 is the
same as the CP voltage, which is the same as the input voltage. At this time, the diode is reverse

biased and COUT supplies output current.

If the switch SW is OFF, current in L1 flows through CP and D1 then continues to the load
and COUT. This current recharges CP for the next cycle. Current from L2 also flows through D1 to

the load and COUT that is recharging for the next cycle.

Inductors L1 and L2 could be uncoupled, but then they must be twice as large as if they are
coupled. Another advantage is that if coupled inductors are used there is very small input current

ripple.

Values of coupled inductors are set by these equations:

Vour Min 7.2

Vour min+V,, min  7.2+38
D 0.47
Al =r-1,,; ——=0.8-0.7- =0.51A
" lour 1-D -0.47
V,y min - D 8-0.47
2 = = =15.0uH

2-f-Al  2-250-10°-0.51

where r is the maximum inductor current ripple factor.
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For a 0.35 A output current variant of this circuit, the values of inductors are

Al :r-IOUTL:0.95-O.35- 047 =0.3A
1-D -0.47
:V,N min-D 8-0.47 251 uH

L1,2 = 3 =
2-f-Al 2-250-10°-0.3

The nearest coupled inductor value for the 0.7 A variant is 15 uH. A variant with 0.35 A output
current needs to use inductors with value 22 uH.

The output current is set by R10 (R11). So this resistor can be calculated by the formula:

0.235

R10 = =350mQ) .

our

To protect the circuit against high output voltage under light loads or a fault condition, the
output voltage is clamped by a Zener diode (D3) to approximately 24.5 V. Capacitor C7 is used to
stabilize feedback, but it impacts line regulation. R3 fixes the line regulation error caused by C7.

External power MOSFET is driven by internal NPN Darlington transistor, external diode D2
and PNP transistor Q2. Compensated divider C3, R6 and R7 is used to reduce gate-source
voltage, mainly for high input voltage and to keep sharp edges. Maximum gate—source voltage can
be calculated by this formula:

1500

) R7 1500
bz 390 + 1500

——=(27-1.4-04)
R6+ R7

Ve max = (V,, =V — 18.4v

Maximum MOSFET current can be calculated in this way:

Loy = 1+£ 'IOUTM: 1+%j'0.7-2=2.5A
2 V,y min 2 8

To minimize power MOSFET conductance losses, it is recommended to select a transistor

with small Rpson. To minimize switching losses, it is recommended to select a transistor with small
gate charge. Power MOSFET must also have a breakdown voltage higher than:

Veprox =V +Voyy =18+23 =41V

Cycle by cycle switch current protection is set by R1 at

0.2
I, =—=
PKset Rl

A suitable value is higher than maximum switch current.

02 02

Rl < =— =80mQ
2.5

1

o1 max

Diode D1 maximum voltage is determined by this equation:
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Vv

Dlimax — VIN +V0UT =18+23=41V
and with current
IDI = IOUT = O7A

The C4 coupling capacitor is selected based on input voltage and on current

Vur max 23
Vour max+V,, min  23+38

7 :VOUT'IOUT [1— D max =23-0.7 }1_0'74=1.2A
s Vin D max 8 0.74

and its minimal value is

Dmax = 0.74

I,y -Dmin 0.7-0.47
0.05-V,, min- f  0.05-8-250-10°

The output capacitor’s current is

D max 0.74
I..=1 =07 =1.2A
e our \/I—Dmax \/1—0.74

V . min .
ot — L oyr - Dmin LS -0.7-047
V,y min 8

for-Vy,min  250-10°-0.1-7.3

c5> =1.7uF

The value could be much larger for higher stability, but a higher value impacts the dimming
function at low duty cycle.

The resistor R8 is used to stabilize feedback loop. Used value is compromise for whole input
and output voltage range. If this circuit is used for specified load only, it should be tuned by this
resistor to better efficiency and line regulation.

X1-3 input is used for dimming. The dimming signal level is 2-10 V. The recommended
dimming frequency is about 200 Hz. For frequencies below 100 Hz the human eye will see the
flicker. The dimming function utilizes the NCP3065’s peak current protection input. The second way
to achieve this is to use the FB pin. See figure 10.

Conclusion

This circuit is ideal in applications with strings of two to six LED chips powered from a power
supply with wide input range (8-20V). The advantages of this circuit include its small size, low price,
wide input and output voltage ranges, and very small input current ripple.
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Figure 4 — PCB’s top side
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31.43 mm

57.15 mm

Figure 5 — PCB’s bottom side
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Measurements

DN06031/D

NCP3065 SEPIC Converter - Line regulation, loyr = 350 mA
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Figure 6 — Line regulation for loyr = 350 mA

NCP3065 SEPIC Converter - Efficiency, loyt = 350mA
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Figure 7 — Efficiency for loyr = 350 mA
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NCP3065 SEPIC Converter - Line regulation, Iyt = 700 mA
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Figure 8 — Line regulation for loyr = 700 mA

NCP3065 SEPIC Converter - Efficiency, loyt = 700 mA
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Figure 9 — Efficiency for loyr = 700 mA
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NCP3065 SEPIC Converter - Dimming Linearity
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Figure 10 — Dimming linearity, dimming frequency 200Hz

Flgure 11 - PCB S top side
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Figure 12 — PCB’s bottom side

© 2007 ON Semiconductor.
Disclaimer: ON Semiconductor is providing this design note “AS IS” and does not assume any liability arising from its use; nor
does ON Semiconductor convey any license to its or any third party’s intellectual property rights. This document is provided only to
assist customers in evaluation of the referenced circuit implementation and the recipient assumes all liability and risk associated
with its use, including, but not limited to, compliance with all regulatory standards. ON Semiconductor may change any of its
products at any time, without notice.

Design note created by Petr Konviény, Tomas Tichy, e-mail: Petr.Konvicny@onsemi.com, Tomas. Tichy@onsemi.com
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