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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 detailsf the ICL5102eference desigrand product feature set. ltlescribesall the
necessary steps to get the board amelated environment up and runningdt alsoprovides allthe necessary
information needed for familiaritywith this comprehensive solution.

The ICL5102 is a mixegignalPower Factor CorrectionrRFQ and resonant controller for dimmable and non
dimmable LED light applications using LLGCC topologyfor highest efficiency levels exceedijrf2percentat
230V A andat full load. An outstanding integrated digital PFC stage with an adjustabé¢al Harmonic
Distortion (THD compensationenablesTHDIless thanl0at 25 percentload/230V AG. In an ultrawide line
input voltage range fromV AG,= 90V up to 305/ aPower Factor (PF)above90percentat greater than50
percentloadis acheved. The ICL5102 LLg@nstant current boardis designed to evaluate the performanand
flexibility of the ICL5102 andemonstratesits performance especially ina wideambient temperaturerange
from T,=-40°C to T,= 55Cat Poutnom= 130W and 230/ Ax.

Intended audience

This document is intended for anyone using the ICL516f2rence designeither for their own application tests
or to use it as aeference for a new ICL51@#sed development.
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Order code/board connection/ operation set -up

1 Order code/ board connection/ operation set-up

1.1 Order code
REFCL5102U130WCQ SA number: SA001715492P number: SPO055160

1.2 Connection diagram

Load OUT: GND

5

|
e L RSN W

e i

L o
750342886

NP1651 03

L o
750343180
NP1651 01

- -

Figure1  Topview of LEDdriver connection

1.3 Line input voltage
Connect an AGource at theMAININPUT as showrrom 90V AQip to 305V AC

1.4 Constant current output

1 Option 1A Dimming. When usig an LED modulesnsurethe LED voltage at minimum dimming level{y=
1.0 V) is notessthan \;,v= 38 V.

1 Option 2A Connect a LED in a voltage range of 38DQup to 76V DGvith a nominal currert of minimum

rnxgs ! NI NB? | ONJON MN; A? @I G ,I1;> /54y " .$ ; H>
1 Option 3A Connect an electronic load to Load OUT.. $ ; H> , | ; *EDbr&v¥mpdeda U&H CH
Note: The output current varies froboard to boad by + 3 percent(measured over 20dards).
1.5 DXLOVdimming interface

Connect a DC source afl0V: GND and#l06 § & Vifenual td the maximum load currend k., Minimum
output current bymminiS reached when the dimming voltage is equal tg\& 1.0Vfor details seeChapter3
Technicalspecification.
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Introduction

2 Introduction

ThisApplication 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 voltagege makes it very suitable for high
quality LED lighting such astreet lights, highbay lighting or office lighting With the highly integrated ICL5102
(combo controller with Critical Conduction Mode @CM/Discontinuous Conduction ModeDCN PFC and Alf-
bridge LLC integrated), the circuit design is considerably simplified, which results in spacéBdhof Materials
(BOM) cost saving. Furthermore, numerous monitoring and protection features ensure highest reliability.

Key specification measuremts and waveforms are shown in thAd\
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Technical specifications

3 Technical specification s

Thisreference desigreonsists of a CrCNDCM PFC and a hddfidge LLC, with dimmable constant current
output from 38V (minimumdimming voltage at ¥,,= 1V) up to 76/ LED forward voltage. The derboardis
designed for 10V dimmingand anon-dimming constant current operation over the whole output voltage
range.

The PFC stage of thisference designs controlled by the PFClbck of the ICL5102. The PFC stage has an
integrated digital PFC control loop. The improved adjustable (via resistor) THD compensation is designed
especially for lightload conditionat 25percentload for THOess thanlOpercentat 230V. It operates in CrCM
to achieve a goodPFand very low THD over a wide load range. When the load decreastbe tminimum level,
the IC controls the PFC to operate in DCM. The BBSvoltage will be sensed highly accuraie(x 1.6percent)
sothere is ro need for a compensation network. For PFC protection, an ojmrp, BUSOver Voltage (O\And
Under \oltage (UV)and surge will be also detected.

The halfbridge LLC stage has a fixed duty cycle ¢f@5 with a seHadapting deadtime from 250 ns to 758s.
ICL5102 provides an extended operation frequency range uptypical 330 kHz in order to provide a wide
dimming range and support LCC topologies. Ttineee-state selfadapting softstart starts withHFand has a
capacitive mode regulation implementé. The bllowing protection functions are implementedoutput short-
circuit protection, LLC Over Current Protectid@®@CP)capacitivemode regulation,Over Temperature
Protection (OTP), outpuver \Voltage Protection (OVPand Brown Out (BO)detection. Active Burst ModgABM)
provides standby power below 300W (board level) and can be disabled.

Features

1 Inputvoltage range: 98305V AC
1 Input voltage frequency47#63 Hz

1 Regulatednominal output current: loutnom min=1.75 Aunin an output voltage range fom 38V DQup to 76V
DC

loutmin= 7476 mA (5percent of loutnom minat Vom= 1.0 V)

Output currentripple at \bur= 76 Y1.75A loyrrippiemar— 110 MA_p(+ 3 percent)
Dimming using an analogL0V interface

STBless than300mW

Time tolight: tT2L ~350msat 90V AQV,,,= 1.0V

Efficiency at nominal load: ~ 92fikrcentat 230V AC

PF. greater than90percentat 50percentload (230V AG)

Input current THDIess thanlOpercentat 25percentload (230V AG)
Low-temperaturestart-up at -40°C T,

OTPat 95°Cauto-restartat 85°C

Output OVRat Vour= 90V DC

BQ'Brown h (Bl)detection:at 71V AG/Blat 79V AG
Harmonics:according to EN510003-2 Clas<C

EMl.according to EN55015

Safety :according to EN613472-13

Board dimensions178 mm (Lx 52 mm (Bx 32 mm

= =4 =4 -4 -4 -4 -8 -8 A A a8 - - -2 -2 -2

Engineering Report 50f28 V11l
201811-07



o~ _.
130 W dimmable constantcurrent LED driver |nf| neon
using ICL5102 in PFC and LLC topology
Schematic

4 Schematic
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Key measurements using LED load

5 Key measurements using LEOoad

5.1 Operating area

The output current of thereference designs tested underdym.n= 1.75 A at 23@ AGn a voltage range between
76 \Lrand 38 b+ Within this area the driver is working in constant current operatiaa shown irFigure4.

U-I Characteristic @ 230VaciN
80 -
0,074 0,238 0,428 0,619 0,811 0,997 1,193 1,386 1,580 1,775
R . L * . . . - —e
VD|M: 10.0V
" _\ \/
VD|M= 1.0V
60 -
S
E
>
50 -
40 -
0,076 0,260 0,452 0,648 0,833 1,013 1,198 1,392 1,589 1,786
30 ‘ ‘ ‘ ‘ ‘ ‘ ‘ ‘ ‘ ‘ ‘ ‘ ‘ ‘ ‘ ‘ ‘ ‘ |
00 01 02 03 04 05 06 07 08 09 10 11 12 13 14 15 16 1,7 18 19
lout (A)
Figure 4 Constant current operating area
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Key measurements using LED load

5.2 Dimming performance

The chart below shows the output current versus th&lDV dimming voltage tested at 23@ AGnput voltage.

Note: Do not exceed the maximum dimming levelgftd make itgreater than10V OQ or(shut ON
below V{;,,bless thanl.0Vowhichis not specified

Dimming Characteristic @ 230VaciN

1,786

1,775

—e—lout, Vo=76

lout (A)

—=—lout, Vo=38

1 2 3 4 5 6 7 8 9 10

Vdimming (V)
Figure 5 Dimming characteristic s
Note: When wsing an LEDmodule

1 While dimming, the forward voltage of the LED drops from its nominal value g.g,~/76 V down to its
lowest dimming level ¥, = 59 \at \biw= 1.0 V

1 The lowest specified dimming voltagat \j;,,= 1.0V iS ¥nv= 38 V

Note: The LED driver is designed tarsup without flashing athe lowest dimming level ofpy,= 1.0 V

V11l
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Key measurements using LED load

5.3 Efficiency

(infineon

The charts below show the overall system efficiency (PFC + LLC) oéfénence desigmimeasured at line input
to the output stage at 76 §rand 38 \b rrespectively
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Key measurements using LED load

54 Power factor vs Poyr

The smart interral digital PFC stage results a PFhigher than 9Qpercentat 50 percentload, whichis achieved
at Vjy=230v AC

Power Factor @ 230Vacin
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Figure7 PFat 230V AG
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Key measurements using LED load

55 THD vs Ryt

Due to the smart THD adjustmenia a resistoiat the Zero Crossing DetectiorzCD pin of the ICL5102, a THD
below 10percentat 25percentload is achieved at \= 230V AC

THD @ 230VAciN
25 -
20 -
17,
THDIess than10
15
—_ percent
S
% 13 ——THD = 10%
= —e—ITHD, Vo=76
10
5 4
3v5 3v,5
0 ; ; ; ; ; ; ; ; ; ; |
0 10 20 30 40 50 60 70 80 90 100 110
Pout (%)
Figure 8 THDat 230V AGy
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Key measurements using LED load

5.6 Standby power/ABM

In order to decrease the standby power to a minimum, the ICL5102 has an integrs?.The outstanding
performance of he integrated burst mode differentiatebetweenfour exit cases by using onlgne pin

T Exit 1: Loagump duringburst sleep pause)

T Exit2: Loadjump duringburst pulse ¢rain)

1 Exit 3: Burspulsetrain time-out due to high static load

1 Exit 4: Burstluty cycle incase ofdimming to a certainlevel, which can be set

DuringABM capacitive load detection and a power limitatioare active in order to prevent any malfunction.
ABMcan be disabledo achieveflicker-free light output.

ABM Entry ABM Pulsetrain/sleep/ PFC activity

Figure 9 ABM

Standby ~ 270nWat V AG = 90V V= OV Standby ~ 300nWat V AG, = 300V V= OV

O O

Figure 10 Standby mode
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