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130 W dimmable constant current LED driver 

using ICL5102 in PFC and LLC topology 

About this document 

Scope and purpose 

This document presents details of the ICL5102 reference design and product feature set. It describes all the 
necessary steps to get the board and related environment up and running. It also provides all the necessary 
information needed for familiarity with this comprehensive solution. 

The ICL5102 is a mixed-signal Power Factor Correction (PFC) and resonant controller for dimmable and non-

dimmable LED light applications using LLC/LCC topology, for highest efficiency levels exceeding 92 percent at 

230 V ACIN and at full load. An outstanding integrated digital PFC stage with an adjustable Total Harmonic 

Distortion (THD) compensation enables THD less than 10 at 25 percent load/230 V ACIN. In an ultra-wide line 

input voltage range from V ACIN = 90 V up to 305 V a Power Factor (PF) above 90 percent at greater than 50 

percent load is achieved. The ICL5102 LLC constant current board is designed to evaluate the performance and 

flexibility of the ICL5102 and demonstrates its performance, especially in a wide ambient temperature range 

from TA = -40°C to TA = 55°C at POUTnom = 130 W and 230 V ACIN. 

Intended audience 

This document is intended for anyone using the ICL5102 reference design, either for their own application tests 

or to use it as a reference for a new ICL5102-based development. 
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Order code/ board connection/ operation set -up 

 

1 Order code/ board connection / operation set-up 

1.1 Order code 

REF-ICL5102-U130W-CC/ SA number: SA001715492/ SP number: SP001667160 

1.2 Connection diagram 
 

 

Figure 1 Top view of LED driver connection  

1.3 Line input voltage  

Connect an AC source at the MAINS INPUT as shown, from 90 V AC up to 305 V AC. 

1.4 Constant current output  

¶ Option 1 Ą Dimming. When using an LED module, ensure the LED voltage at minimum dimming level (VDim = 

1.0 V) is not less than VDim1V = 38 V. 

¶ Option 2 Ą Connect an LED in a voltage range of 38 V DC up to 76 V DC with a nominal current of minimum 

ґӆҗҕ ! NI NB? IONJON MN;A? @LIG ,I;> /54ӈ '.$ ;H> ,I;> /54ӈ ӓỬӔ. 

¶ Option 3 Ą Connect an electronic load to Load OUT: '.$ ;H> ,I;> /54ӈ ӓỬӔӉ CH LED or CV mode.  

Note: The output current varies from board to board by ± 3 percent (measured over 20 boards). 

1.5 1ӝ10 V dimming interface 

Connect a DC source at 1ӝ10 V: GND and 1ӝ10 6ӈ ӓỬӔӆ ґҐ V is equal to the maximum load current IOUTmax. Minimum 

output current IOUTmin is reached when the dimming voltage is equal to VDIM = 1.0 V ӝ for details see Chapter 3 

Technical specification. 

 

1-10 6ӈ ӓỬӔ 
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2 Introduction  

This Application Note (AN) describes the characteristics and features of a 130 W SMPS LED demonstration 

board with dimmable constant current output in a voltage range from 76 V down to 38 V. High efficiency, high 
PF, low THD and a stable output current over the whole output voltage range makes it very suitable for high-
quality LED lighting such as street lights, high-bay lighting or office lighting. With the highly integrated ICL5102 
(combo controller with Critical Conduction Mode (CrCM)/Discontinuous Conduction Mode (DCM) PFC and half-

bridge LLC integrated), the circuit design is considerably simplified, which results in space and Bill of Materials 

(BOM) cost savings. Furthermore, numerous monitoring and protection features ensure the highest reliability. 

Key specification measurements and waveforms are shown in this AN. 
 

 

 

Figure 2 PFC and LLC dimmable constant current reference board 
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3  Technical specification s 

This reference design consists of a CrCM/DCM PFC and a half-bridge LLC, with dimmable constant current 
output from 38 V (minimum dimming voltage at VDIM = 1 V) up to 76 V LED forward voltage. The demo board is 

designed for 1ӝ10 V dimming and a non-dimming constant current operation over the whole output voltage 

range. 

The PFC stage of this reference design is controlled by the PFC block of the ICL5102. The PFC stage has an 
integrated digital PFC control loop. The improved adjustable (via resistor) THD compensation is designed 
especially for light-load condition at 25 percent load for THD less than 10 percent at 230 V. It operates in CrCM 
to achieve a good PF and very low THD over a wide load range. When the load decreases to the minimum level, 

the IC controls the PFC to operate in DCM. The PFC BUS voltage will be sensed highly accurately (± 1.6 percent) 

so there is no need for a compensation network. For PFC protection, an open-loop, BUS Over Voltage (OV) and 

Under Voltage (UV) and surge will be also detected. 

The half-bridge LLC stage has a fixed duty cycle of D = 0.5 with a self-adapting dead-time from 250 ns to 750 ns. 
ICL5102 provides an extended operation frequency range up to a typical 330 kHz in order to provide a wide 

dimming range and support LCC topologies. The three-state self-adapting soft-start starts with HF and has a 
capacitive mode regulation implemented. The following protection functions are implemented: output short-

circuit protection, LLC Over Current Protection (OCP), capacitive mode regulation, Over Temperature 

Protection (OTP), output Over Voltage Protection (OVP) and Brown Out (BO) detection. Active Burst Mode (ABM) 
provides standby power below 300 mW (board level) and can be disabled. 

Features 

¶ Input voltage range: 90ӝ305 V AC 

¶ Input voltage frequency: 47ӝ63 Hz 

¶ Regulated nominal output current: IOUTnom_min = 1.75 AMIN in an output voltage range from 38 V DC up to 76 V 

DC 

¶ IOUTMIN = 74ӝ76 mA (5 percent of IOUTnom_min at VDIM = 1.0 V) 

¶ Output current ripple at VOUT = 76 V/1.75 A: IOUTRipplemax = 110 mAP_P (± 3 percent) 

¶ Dimming using an analog 1ӝ10 V interface 

¶ STB less than 300 mW 

¶ Time to light: tT2L ~ 350 ms at 90 V AC/VDim = 1.0 V 

¶ Efficiency at nominal load: ~ 92.0 percent at 230 V AC 

¶ PF: greater than 90 percent at 50 percent load (230 V ACin) 

¶ Input current THD: less than 10 percent at 25 percent load (230 V ACin) 

¶ Low-temperature start-up at -40oC TA 

¶ OTP at 95 °C/auto-restart at 85°C 

¶ Output OVP at VOUT = 90 V DC 

¶ BO/Brown In (BI) detection: at 71 V ACIN/BI at 79 V ACIN 

¶ Harmonics: according to EN 61000-3-2 Class C 

¶ EMI: according to EN 55015 

¶ Safety : according to EN 61347-2-13 

¶ Board dimensions: 178 mm (L) × 52 mm (B) × 32 mm 
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Schematic 

 

4 Schematic 
 

 

Figure 3 Schematic 
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Key measurements using LED load 

 

5 Key measurements using LED load 

5.1 Operating area 

The output current of the reference design is tested under IOUTnom = 1.75 A at 230 V AC in a voltage range between 

76 VOUT and 38 VOUT. Within this area the driver is working in constant current operation as shown in Figure 4. 

 

 

Figure 4 Constant current operating area 
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5.2 Dimming performance 

The chart below shows the output current versus the 1ӝ10 V dimming voltage tested at 230 V AC input voltage. 

Note: Do not exceed the maximum dimming level of VDim to make it greater than 10 V (OC) or (shut ON) 

below VDim ɒ less than 1.0 V ɒ which is not specified. 

 

Figure 5 Dimming characteristic s 

Note: When using an LED module: 

¶ While dimming, the forward voltage of the LED drops from its nominal value e.g. VfLED = 76 V down to its 

lowest dimming level VDim = 59 V at VDIM = 1.0 V 

¶ The lowest specified dimming voltage at VDim = 1.0 V is VDim1V = 38 V 

Note: The LED driver is designed to start up without flashing at the lowest dimming level of VDim = 1.0 V. 
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5.3 Efficiency 

The charts below show the overall system efficiency (PFC + LLC) of the reference design measured at line input 
to the output stage at 76 VOUT and 38 VOUT respectively. 

 

Figure 6 Efficiency at V ACIN = 230 V ACIN 
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Key measurements using LED load 

 

5.4 Power factor vs POUT 

The smart internal digital PFC stage results in a PF higher than 90 percent at 50 percent load, which is achieved 
at VIN = 230 V AC. 

 

Figure 7 PF at 230 V ACIN 

  

97,697,096,495,1
93,4

90,7

86,2

76,4

59,4

29,6

91,8
90,1

87,6

84,0

79,3

73,3

65,0

52,7

36,7

16,6

0

10

20

30

40

50

60

70

80

90

100

0 10 20 30 40 50 60 70 80 90 100 110

P
F

 (
%

) 

Iout (%)

Power Factor @ 230VACIN

PF, Vo=76

PF, Vo=38



  

Engineering Report 11 of 28 V 1.1  

  2018-11-07  

130 W dimmable constant current LED driver 
using ICL5102 in PFC and LLC topology 

Key measurements using LED load 

 

5.5 THD vs POUT 

Due to the smart THD adjustment via a resistor at the Zero Crossing Detection (ZCD) pin of the ICL5102, a THD 
below 10 percent at 25 percent load is achieved at VIN = 230 V AC. 

 

 

Figure 8  THD at 230 V ACIN 
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5.6 Standby power/ABM 

In order to decrease the standby power to a minimum, the ICL5102 has an integrated ABM. The outstanding 
performance of the integrated burst mode differentiates between four exit cases by using only one pin: 

¶ Exit 1: Load jump during burst sleep (pause) 

¶ Exit 2: Load jump during burst pulse (train) 

¶ Exit 3: Burst pulse train time-out due to high static load  

¶ Exit 4: Burst duty cycle in case of dimming to a certain level, which can be set 

During ABM, capacitive load detection and a power limitation are active in order to prevent any malfunction. 
ABM can be disabled to achieve flicker-free light output. 
 

ABM: Entry ABM: Pulse train/sleep/PFC activity 

 
 

Figure 9 ABM 

 

Standby ~ 270 mW at V ACIN = 90 V/VDIM = 0 V Standby ~ 300 mW at V ACIN = 300 V/VDIM = 0 V 

  

Figure 10 Standby mode 

  


































