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ILD6150/ILD6070 ɒ 60 V buck LED driver IC with high 

accuracy and efficiency 

Operation, design guide and performance  

 

!<ION NBCM >I=OG?HN 

Scope and purpose 

This application nIN? CHNLI>O=?M )H@CH?IHɇM hysteretic buck DC-DC LED driver ILD6150/ILD6070 for general 

lighting applications. It describes the operation of the device, its features and how to select values of the 
passive components. As an example an available reference design and its performance is presented, as well as 
design ideas for various applications. The ILD6150/ILD6070 offers high efficiency, various protection features, 
flexible dimming options and reliability for high-performance lighting systems. 

Intended audience 

This document is intended for users who wish to design high-efficiency, high-reliability lighting systems with 
)H@CH?IHɇM ),$șȔȘȓ (up to 1.5 A)/ILD6070 (up to 700 mA) DC-DC LED driver. 
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1 )HNLI>O=NCIH  

This application note introduces )H@CH?IHɇM buck LED driver IC ILD6150/ILD6070. ILD6150 and ILD6070 are 

identical except for maximum current allowed, and hereafter ILD6150 means ILD6070 as well. ILD6150 offers 
high efficiency, multiple protection features, flexible dimming options and reliability for high-performance 
lighting systems. 

ILD6150 is a hysteretic buck driver IC for use in general LED lighting applications with average currents up to 1.5 
A. The hysteretic concept of current control is extremely fast and always stable without the need for any loop 
compensation. It is suitable for applications with a wide range of supply voltages from 4.5 V to 60 V, allowing 
input operation up to the maximum Safety Electrical Low Voltage (SELV) of 60 V. 

A multifunctional dimming input allows dimming of the LEDs with a DC voltage or a PWM signal. 

A maximum contrast ratio of 3000:1 can be achieved depending on the external components. The efficiency of 

the LED driver is remarkably high, reaching up to 98 percent efficiency over a wide range. The output current 

variation from device to device and under all load conditions and over-temperature is limited to a minimum. 
The ILD6150 reference design can also be used as a constant current output second-stage DC-DC converter 
with a constant input voltage from a front stage AC-DC converter (XDPL8218), making ILD6150 the perfect fit for 
LED drivers. 

1.1 &?;NOL?M 

¶ Wide-input voltage range from 4.5 V to 60 V 

¶ Capable of providing up to 1.5 A output current 

¶ Up to 1 MHz switching frequency 

¶ Soft-start capability 

¶ Analog and PWM dimming input signal possible 

¶ Typical 3 percent output current accuracy 

¶ Very low LED current drift over-temperature 

¶ Under Voltage Lockout (UVLO) 

¶ Over Current Protection (OCP) 

¶ Thermally optimized package: PG-DSO-8-27 

¶ Adjustable Over Temperature Protection (OTP) 

 

1.2 !JJFC=;NCIH 

¶ LED drivers for general lighting 

- with single output channel 

- with two output channels for tunable white light 

¶ LED drivers for horticultural lighting 

- with multiple output channels 
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2 #CL=OCN >?M=LCJNCIH 

2.1 /J?L;NCIH 
 

 

Figure 1 Application schematic  

2.1.1 #OLL?HN L?AOF;NCIH 

Under normal operating conditions the LED current IOUT is controlled by means of the voltage difference 

between pins VS and VSENSE, which is proportional to the current through RSENSE. This voltage is compared to two 
threshold levels, and the internal switch is turned on and off accordingly. 

As long as the difference is above the lower internal threshold VTHL, the MOSFET is in the on-state and the 
current through RSENSE and load is rising linearly with the slope: 

ὨὍ

Ὠὸ

ὠ ὠ

ὒ
 

As soon as the threshold is crossed the MOSFET is turned off and current through RSENSE is now decreasing with 
the slope: 

ὨὍ

Ὠὸ

ὠ ὠ

ὒ
 

until the higher threshold voltage VTHH is hit. Now the MOSFET is turned on again and the above described cycle 
is repeated. 

Obviously the converter operates in Continuous Conduction Mode (CCM) and the average output current IOUT 
can be determined by means of the average threshold VSENSE = (VTHH+ VTHL)/2 = 152 mV in the case of ILD6150. 

The peak-to-peak ripple amplitude of IOUT only depends on the hysteresis VSENSEHYS, which in the case of ILD6150 
is 44 percent of VSENSE or 67 mV. 
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2.1.2 /P?L #OLL?HN 0LIN?=NCIH ə/#0ɚ 

ILD6150 has two OCP techniques. First, the output current is within limitation even if the output gets shorted as 

long as RSENSE is not damaged. Second, ILD6150 has OCP, which is triggered when the MOSFET current is higher 
than 2.5 A typically. This can happen when RSENSE is shorted or damaged. Although the IC will not be damaged in 

this case the OCP feature does not guarantee the protection of the LEDs. 

2.1.3 /P?L 4?GJ?L;NOL? 0LIN?=NCIH ə/40ɚ 

ILD6150 has an integrated OTP based on the junction temperature on chip. OTP is required to prevent the IC 
from operating at a potentially destructive temperature. The threshold of the OTP can be set by resistor RTadj 
connected from pin Tadj to GND. The OTP is based on modulation of the LED current with an internal PWM 

generator. Once the junction temperature exceeds the OTP threshold the PWM duty cycle as well as the 
average LED current will be reduced. Once junction temperature reaches threshold TOTP,off the PWM duty cycle 

and LED current will be reduced to zero. 

2.1.4 5H>?L 6IFN;A? ,I=EION ə56,/ɚ 

UVLO is implemented to protect the IC from operating at insufficient supply voltage. ILD6150 incorporates an 

UVLO that will shut down the IC when the minimum supply voltage falls below the internal threshold of 
typically 4.25 V. 

2.1.5 $CGGCHA 

A multifunctional input allows dimming of the LED current either by means of a DC voltage or a PWM signal 
applied to this pin. To minimize color-shift of the LEDs, independent of the type of input, an internal 1.6 kHz 

PWM signal is generated that modulates the LED current. 

Depending on which type of signal is applied, the duty cycle of this internal PWM signal is either proportional to 
the DC voltage or to the duty cycle of the signal at the dimming pin. 

2.1.6 3I@N-MN;LN 

Soft-start helps to reduce component stress when the application starts and can also be used to effect a slow 
increase of light output, if desired. This can be achieved by adding a capacitor at the PWM pin. ILD6150 having 

an internal current source of 18 µA will charge up the capacitor at the PWM pin from 0 V to 4.7 V linearly. 

Refer to the specification of the analog dimming; the linear range of the output current from 0 percent to 100 

percent is within the range from 0.67 V to 2.43 V. Hence the value of DV is equal to 1.76 V and the current i is 
equal to 18 µA. The soft-start timing can be calculated using below equation: 

ὅ
ЎὸϽὭ

Ўὠ

ЎὸϽρψ ʈὃ

ρȢχφ ὠ
ЎὸϽρπȢς ʈ 

If a capacitor of more than a few hundred pF is attached to the PWM pin, dimming with a PWM input may be 

difficult due to high displacement currents flowing. 
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2.2 #IGJIH?HN M?F?=NCIH 

2.2.1 3?HM? L?MCMNIL 

The average LED current is determined by the value of the external current sense resistor (RSENSE). As mentioned 
above, the mean current sense threshold voltage is VSENSE = 152 mV. Therefore the proper value of RSENSE is given 
by: 

Ὑ
ρυςάὠ

Ὅ
 

2.2.2 3?F?=NCIH I@ CH>O=NIL ;H> IJ?L;NCHA @L?KO?H=S 

The inductor shall supply a constant current to the LED. In CCM the inductor value L is related to the switching 

frequency fSW, as shown below: 

ὒ
ρ

ЎὭϽὪ Ͻ
ρ

ὠ ὠ
ρ
ὠ

 

where VIN is the input voltage, VOUT is the output voltage and ЎὭ is current ripple, which is given by: 

ЎὭ ὠ ϽὍ πȢττϽὍ  

where VSENSEHYS is sense threshold hysteresis. 

For a given inductor value fSW will vary with varying input and output voltage. Selection of operating frequency 

is a trade-off between system efficiency and switching noise on the one hand, and inductor and board size and 

cost on the other. As the frequency increases so do switching noise and losses, while the size and cost of the 
inductor and capacitor decrease. The switching losses become the major driving factor as VIN increases to 
higher voltages.  

To maintain best regulation capability of the LED driver IC it is reasonable to keep a margin to the minimum 

switch-on and switch-off times defined by internal propagation delay times. Disregard of this recommendation 
by choosing inductor values that are too small might result in an increased LED current ripple and loss of LED 

current regulation accuracy. Minimum 350 ns on- and off-times are recommended as a reasonable design 
target for the inductor selection. 

The saturation current Isat of the chosen inductor has to be higher than the peak LED current IPk = IOUT +Di/2, and 

its continuous current needs to exceed the average LED current IOUT. 

2.2.3 3?F?=NCIH I@ >CI>? $ 

Once the switch turns off, the residual energy of the inductor is discharged through the diode into the output 

capacitor and the LED load. Typically a Schottky diode is used to reduce losses caused by the diode forward 
voltage and reverse recovery times. 
The first parameter to consider when selecting a diode is its maximum reverse voltage VBR. This voltage rating 

must be higher than the maximum input voltage VS of the circuit: VBR greater than VS. 
The other two parameters defining the diode are average and RMS forward currents ID,AVG and ID,RMS, which are 

given by: 
Ὅȟ  Ὅ Ͻρ Ὠ 

Ὅȟ  Ὅ ϽЍρ ὨϽρ
ρ

ρς
Ͻ
ЎὭ

Ὅ
  

where d is the duty cycle of the switching waveform and is given by: 

Ὠ
ὠ

ὠ
 

The diode must be chosen so that its respective current ratings are higher than these values. Reverse blocking 

capability should be higher than VIN, with a meaningful margin of 25 percent or so. 



  

Application Note 7 of 20 V 1.0  

2018-09-17 

ILD6150/ILD6070 ɒ 60 V buck LED driver IC with high accuracy and 

efficiency   
Circuit description  

  

2.2.4 3?F?=NCIH I@ CHJON =;J;=CNIL #). 

The input current of the buck controller is identical to the current through the MOSFET ɒ i.e. it  is pulsating and 

thus causes a ripple voltage at the input. A capacitor close to pin VS reduces this ripple voltage by providing 
current when the switch is conducting. The RMS current through the input capacitor IC,RMS is purely AC and can 

be calculated from average and RMS inputs currents IIN,AVG and IIN,RMS as: 
 

Ὅ ȟ Ὅȟ Ὅȟ  

 

Hence,  Ὅȟ  Ὅ  ϽὨϽρ Ὠ Ͻ
Ў

 

 

Use low-ESR capacitors, especially under high switching frequency applications. With low-ESR capacitors, the 

input voltage ripple can be estimated by: 

Ўὠ  
Ὅ

Ὢ Ͻὅ
ϽὨϽρ Ὠ  

ὅ  
Ὅ

Ὢ ϽЎὠ
ϽὨϽρ Ὠ 

The input capacitor must be chosen so that it is capable of withstanding the calculated RMS current rating and 

reducing input voltage ripples to an acceptable level. 

2.2.5 3?F?=NCIH I@ IONJON =;J;=CNIL #/54 

Due to the relatively low ripple current of a buck with ILD6150 a capacitor in parallel to the LED that reduces 

ripple even further is not needed in many applications. 
Due to the non-linear I-V characteristic of LED it is very difficult to estimate the ripple voltage with and without 

output capacitor. A generally accepted model is the approximation of LED V-I characteristic by a voltage source 

VFD, which models the forward voltage of the LED with a series resistor RD to model differential resistance. Both 
parameters need to be determined from the LED datasheet. As a rule of thumb a VFD of 2.8 V and a differential 

resistance RD of 0.4 W are very reasonable values for typical white, high-power LED. Consequently, for 12 LEDs 

in series this would lead to a VFD of 33.6 V and a total RD of 4.8 W. The ripple voltage without capacitor is then 

approximated as: 
Ўὠ ḙ ЎὭϽὙ  

A meaningful output capacitor should therefore have an impedance at fSW which is at least five to ten times 
lower than RD: 

ὅ ḻ 
υ

ς“ϽὪ ϽὙ
 

2.2.6 3?F?=NCIH I@ 24;>D 

ILD6150 has an integrated OTP based on the junction temperature on chip. The threshold of the OTP circuit is 

tunable by resistor RTadj connected from pin Tadj to GND. RTadj resistor values within 0 to 35 kʍ define the OTP 
behavior. RTadj values greater than or equal to 150 kʍ set the OTP threshold to TOTP,open. OTP is based on 
modulation of the LED current with an internal PWM generator. Once the junction temperature exceeds the 

OTP threshold the PWM duty cycle as well as the average LED current will get reduced. Once the junction 
temperature reaches TOTP,off the PWM duty cycle and LED current will be reduced to zero. Adjustable OTP offers 

great flexibility with the starting point of the current reduction at high temperature, and can be designed 
according to the LED lamp requirement. 
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2.3 ,;SION =IHMC>?L;NCIH 

An optimized PCB layout leads to better performance, reliability and lower cost. Certain layout guidelines must 

be kept in mind while routing the PCB. 
The power components include the internal switch, Schottky diode, input capacitor, output capacitor and 

inductor. Route the input capacitor close to the IC, as parasitic inductance can be minimized by minimizing 
trace lengths and using short and wide traces. Extra parasitic inductance between the input caJ;=CNILɇM 

terminals ;H> NB? )#ɇM 6B and GND terminals creates high dv/dt due to the switching process. This can lead to IC 
failure. Also, place the inductor as close as possible to the IC to reduce radiated EMI. 
The output capacitor completes the routing of all the power components. It is the final component connected 

to the power ground terminal in the system. An improper output capacitor placement typically causes poor 
output voltage regulation. To ensure optimum operation, take care to minimize the area of the power-current 

loop. 

The small-signal control components consists of all analog and digital components indirectly related to the 
power conversion like the sense voltage pin, soft-start capacitor, etc., and are sensitive to noise. To reduce the 
noise coupling from the power stage to the control circuitry, it is necessary to keep the noisy switching traces 

far from the sensitive small-signal traces. To minimize noise and ensure good output voltage regulation, it is 
critical to keep the VSENSE path as small as possible, and it is desirable to return the ground of the small signal 
=IGJIH?HN NI ; Ɉ=F?;Hɉ JICHN. Poor routing of small-signal components may lead to poor output voltage 
regulation. 

Keep separate grounds for power components, which are noisy, and for the small-signal components, which 

are quiet. Then join these two grounds at one point, possibly the exposed pad under the IC, which is also the IC 

ground. A grid of thermal vias can be created to improve the thermal conduction under the exposed pad. The 
above guidelines ensure a well laid-out power supply design. 

2.4 $?MCAH ?R;GJF? 

As an example an LED driver with the following specification shall be designed: 

VS = 48 V 

IOUT = 1 A 

VLED = 36.3 V (12 pieces LED) 

 

2.4.1 $?N?LGCH? 23%.3% 

Ὑ
πȢρυς ὠ

ρ ὃ
Ȣ  Џ 

Next closest standard value of 0.15 W will be used, increasing the nominal output current to IOUT = 1.013 A 

2.4.2 3?F?=N MQCN=BCHA @L?KO?H=S 

90 kHz may be a reasonable compromise between switching loss and inductor size. This needs to be verified by 
measurement on the finished design. 

2.4.3 #;F=OF;NCIH I@ CH>O=NIL P;FO? ;H> =OLL?HNM 

 

ὒ
ρ

ρȢπρσὃ ϽπȢττϽωπ ὯὌᾀϽ
ρ

τψ ὠ σφȢσ ὠ
ρ

σφȢσ ὠ

Ȣ ʈ╗ 
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The next closest standard value is 220 µH leading to a slightly higher fSW. 

The inductor average current is 1.013 A, while the peak current will be IPk = IOUT +Di/2 = IOUT*1.22 = 1.24 A. 
Saturation current ISAT of the inductor must be higher than the latter value. 

2.4.4 $CI>? M?F?=NCIH 

To calculate diode currents the duty-cycle d is needed: 

Ὠ
ὠ

ὠ

σφȢσ

τψ
Ȣ  

ρ Ὠ Ȣ  

RMS diode current: Ὅȟ  ρȢπρσϽπȢςτσϽρ Ͻ
Ȣ

Ȣ
Ȣ  ═ 

Average diode current:  Ὅȟ  ρȢπρσϽπȢςτσ Ȣ  ═ 

For a design with variable number of LEDs the highest diode currents will occur at the lowest output voltage. 

ɈȔ->ɉ CM =FIM? NI IH? OH>?L MO=B =IH>CNCIHs, and diode currents are close to output current. In general a 1 A 
diode is recommended as long as output current is below 1 A and a 2 A diode otherwise. 

The reverse blocking voltage VBR of the diode must be higher than the maximum input voltage VIN. A 60 V diode 
is sufficient in this example, but a VBR of 80 V will increase robustness and reliability of the design. 

2.4.5 3?F?=NCIH I@ =;J;=CNIL #). 

ὅ  
ρȢπρσ

ωπȢςϽρπϽπȢπρϽτψ
ϽπȢχυφϽπȢςτσ Ȣ  Ⱨ╕ 

The CIN value depends on parameters Ɉ>,ɉ Iout and fSW, which are variables and can result in higher values of 
input capacitor. Therefore, a 47 µF electrolytic capacitor with a rated voltage of 100 V would be recommended 
in this case. 

2.4.6 3?F?=NCIH I@ =;J;=CNIL #/54 

The value of COUT can be estimated as: 

ὅ ḻ 
υ

ς“ϽωπȢς ὯὌᾀϽτȢψ ɱ
Ȣ  ʈ╕ 

For lower output voltage ripple a bigger output capacitor can be used. Since the value of this capacitor is 
relatively low even for low ripple demands an MLCC capacitor will be the best choice in terms of cost, lifetime 
and ESR. A 4.7 µF MLCC capacitor would be recommended in this case. If an electrolytic capacitor is used for 

any reason, attention needs to be payed to the ripple current capability and ESR. Rated voltage needs to be 
higher than the highest possible output voltage in any case. 
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3 !JJFC=;NCIH =CL=OCN 

This section provides more information about the reference design available for evaluation. The reference 

design is configured to have an output current of 1 A. The operating voltage range for the reference design can 
be from 4.5 V up to 60 V. The schematic, PCB layout and PCB photo are shown in Figure 2, Figure 3 and Figure 4 
respectively. The bill of materials can be found in Appendix A. 

3.1 3=B?G;NC= F;SION 

 

Figure 2 Schematic of the reference design 

3.2 0#" F;SION 

   

Figure 3 PCB layout of the reference design 






















