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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 VAC,, 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 AC. In an ultra-wide line
input voltage range from V AC,,=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°Cto TA =55°C at Poutnom =130 W and 230V ACn.

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.

Engineering Report Please read the Important Notice and Warnings at the end of this document V1.0
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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

1-10V: “4”

—_S e >

1-10V: GND

M S T =

U5

10 159TdN
08TEVEOSL
* A

€0 TS9TdN

988ZHE0SL

Load OUT: “+”

Load OUT: GND

Figure1  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.

14 Constant current output
e Option 1-> Dimming. When using an LED module, ensure the LED voltage at minimum dimming level (Vy,, =
1.0V) is not less than V;,,,, =38 V.

e Option 2 & Connectan LED in a voltage range of 38 V DC up to 76 V DC with a nominal current of minimum
1.75 A to the output stage from Load OUT: GND and Load OUT: “+”.

e Option 3 2 Connect an electronic load to Load OUT: GND and Load OUT: “+”; in LED or CV mode.

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

1.5 1-10 Vdimming interface

Connecta DC source at 1-10 V: GND and 1-10V: “+”. 10 V is equal to the maximum load current I rmae Minimum
output current loyrmi, is reached when the dimming voltage is equal to Vp,, = 1.0 V - for details see Chapter 3
Technical specification.
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Introduction

2 Introduction

This Application Note (AN) describes the characteristics and features of a 130 W SMPS LED demonstration
board with dimmable constant current outputin 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.

e ™ 2
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LA ) (L Z

Figure 2 PFC and LLC dimmable constant current reference board

Engineering Report 40f28 V1.0
2018-01-04



o _.
130 W dimmable constant current LED driver |n f| neon
using ICL5102 in PFC and LLC topology ’

Technical specifications

3 Technical specifications

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 V;,,, = 1 V) up to 76 V LED forward voltage. The demo board is
designed for 1-10 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

e Inputvoltage range: 90-305V AC
e Inputvoltage frequency: 47-63 Hz

e Regulated nominal output current: loutnom_min = 1.75 Auw in @an output voltage range from 38 VDCup to 76 V
DC

e loutmin = 74-76 mA (5 percent of loytnom_min at Vo = 1.0 V)

o Output current ripple at Vour = 76 V/1.75 A: loyrripplemax = 110 MAs p (£ 3 percent)
e Dimmingusing an analog 1-10V interface

e STBlessthan 300 mW

e Timeto light: tT2L ~ 350 ms at 90 VAC/V;,, = 1.0V

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

e PF: greater than 90 percent at 50 percent load (230 VAC,,)

e Input current THD: less than 10 percent at 25 percent load (230 VAC,,)
e Low-temperature start-up at-40°C T,

e OTP at 95 °C/auto-restart at 85°C

e Output OVP atVour=90V DC

e BO/Brown In (Bl) detection: at 71 VAC,,/Bl at 79V AC,,

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

e EMI: according to EN 55015

o Safety:accordingto EN 61347-2-13

e Board dimensions: 178 mm (L) X 52 mm (B) x 32 mm

Engineering Report 50f28 V1.0
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4 Schematic
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5 Key measurements using LED load

5.1 Operating area

The output current of the reference design is tested under lyyrmom = 1.75 A at 230 VAC in a voltage range between
76 Vour and 38 Vq . Within this area the driver is working in constant current operation as shown in Figure 4.

U-I Characteristic @ 230VAcIN
80 -
do7h 0,238 0,428 0,619 0,811 0,997 1,193 1,386 1,580 1,775
P—— . . * - . . - —e
Vom=10.0V
N _\ \/
Vom=1.0V
60 -
S
3
>
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 17 18 19
lout (A)
Figure 4 Constant current operating area
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5.2 Dimming performance

The chart below shows the output current versus the 1-10 V dimming voltage tested at 230 V AC input voltage.

Note: Do not exceed the maximum dimming level of V,,;,, to make it greater than 10 V (OC) or (shut ON)
below Vy,;, - less than 1.0 V - which is not specified.

Dimming Characteristic @ 230VaciN

1,786

1,8 4

1,6

1,4

1,2

—e—lout, Vo=76

lout (A)

—#—lout, Vo=38
0,8 4

0,6 -

04

0,2 -
0,0

1 2 3 4 5 6 7 8 9 10
Vdimming (V)

Figure 5 Dimming characteristics

Note: When using an LED module:

e While dimming, the forward voltage of the LED drops from its nominal value e.g. Vq ¢, = 76 V down to its
lowest dimming level V,, =59V at Vom=1.0V

e The lowest specified dimming voltage at Vy;,, = 1.0 Vis Vpny =38V

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

Engineering Report 8 0f28 V1.0
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Key measurements using LED load

53 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 Vy,r and 38 Vr respectively.

Efficiency @ 230VAcIN
100 -
91,2 91,2

90 - 91,4 9176

80 -

70 -

60 -
S
~ 50 -
= —e—Eff, Vo=76
w

—m— Eff, Vo=38

40

30

20 -

10 -

0 T T T T T T T T T T 1
0 10 20 30 40 50 60 70 80 90 100 110
lout (%)
Figure 6 Efficiency at VAC, =230V ACn
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Key measurements using LED load

5.4 Power factor vs Poyr

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

Power Factor @ 230Vacin

100 - 951 96,4 97,0 97,6
93,4

90 -

80

70

60 -

S
=~ 50 -
L —e—PF, Vo=76
a
—=—PF, Vo=38
40 -
30
20 -
10 -
0 ‘ ‘ ‘ ‘ ‘ ‘ ‘ ‘ ‘ ‘ |
0 10 20 30 40 50 60 70 80 90 100 110
lout (%)
Figure7  PFat230VACw
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Key measurements using LED load

5.5 THD vs Poyr

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 V,, =230 V AC.

THD @ 230VAciN
25 -

20 4

THD less than 10

-
w

. percent
S
% 13,3 ——THD = 10%
£ —e—ITHD, Vo=76
10
5 -
35 35
0 1 1 1 1 1 1 ‘ ‘ ‘ ‘ |
0 10 20 30 40 50 60 70 80 90 100 110
Pout (%)
Figure 8 THD at 230 VACy
Engineering Report 11 0of 28 V1.0

2018-01-04



130 W dimmable constant current LED driver

using ICL5102 in PFC and LLC topology

infineon

Key measurements using LED load

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:

e Exit 1: Load jump during burst sleep (pause)
e Exit 2: Load jump during burst pulse (train)
o 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
WQ 02 Jun 2017 14:11:41 Normal Pulse Width CH2 17 @ 02 Jun 2017 14:40:32 Normal Pulse Width CH2 17
(\'%,Wd ) €2)] — (A71.00 VAIVER )(5)25.0 VAWER YB]5.00 VM?‘Z‘S'?'?{&.N vﬁ‘]i‘to )CEY S00mVARET ) w- X % YOG VARE RS 5] 750 VAs xm@%ﬁw “SO0mVAREY )
(Do D0 : W&mumﬁmmﬁmw S — (a1 L | 1 1 ‘
. SR —— { l AVATRNED j P4 ;w' ;’J‘ ,e'; ] 7 : ;a'[' ; / : 7 /
— | ! /| f / Vs / “V‘, ,’)I ““1 / / /| /
- l "‘j ﬂ_?’ ,,-vf ’ ;"! s“" _-"". v‘f s"’ ,:"A
& i / I/ / |/ / / / | / | /
rremm L
— 00 |
X Zoom1£:6.25 k Qus/div | ;
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= i i I Sleep L [
\ ; e et
P PR ERS SRR ERA S ’ o 353 PFC Gate Operat%c.zﬁ énl-)/ if \\'IBUS. + 100%
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I .; -~ - o a
Es I B —
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4T 0.00330ms
1747 256.410kHz
Figure 9 ABM
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Figure 10 Standby mode
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Key measurements using LED load

5.7 BO detection

The voltage at BO pin 12 must be above Vg, = 1.4 V during monitoring (initial start-up) to enable a Bl. If the
voltage at this pin drops below Vg, = 1.2 V for longer than 50 ms during operation, a BO is detected and the
controller powers down and auto-restarts the internal system. Use a double rectifier and high ohmic resistors
for the voltage divider.

5.7.1 BO distortion explanation

The BO detection function of the ICL5102 is based on a DC voltage on pin 12 (BO) that represents the average
value of the rectified mains voltage, see Figure 11.

The level at the BO pin becomes incorrect when the half-bridge is not running, at start-up or in RUN mode when
a protection shuts off e.g. BO. In both cases, the input diode bridge is not conducting. This causes a Common
Mode (CM) voltage from mains to power GND, see the red arrow in Figure 11. It results in a shifting up of the
average value of the RMS rectified voltage, see “Common mode distortion” in Figure 11. Note: The peak value
stays the same. In order to compensate for this effect place a film capacitor Cgo_1 from Rgo_1 (as shown in Figure
11) to power GND.

RMS Rectified Voltage Inactive Half Bridge causes a
Common Mode Distortion

PEak ValUE |- - o s s o v v e ae e a e e e e e e e e e e e e e e e e e e
/\ /\ /\ Average Value shifts up /\ /\
Average Value \ / \ \

ICL5102
BO 12

/

Figure 11 Impact of conducting vs non-conducting (distortion)
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5.7.2 BO distortion measurements

The figures below show the rectified mains during start-up on the left-hand side, and RUN mode on the right-
hand side.

Start-up: RUN Mode:
Change from CM voltage (BR not conducting) supply [Change from DM voltage (BR conducting) into CM
OFF, into DM voltage (BR conducting) supply ON voltage (BR not conducting)

4 15 Nov 2|DIT 08:54:12 ymlys EA:'i?:WIEJV . < 0 15 Nov 21017 08::13:’42:00“’“ - Hlislgg\als/s‘wv Width CH2 11

E .1@ 10.0 VAVE () 2.00 VAINE \ 50 v R X .mms,/,dw K = j@e X v 00 V m/dw

" " it ]".ﬁﬁi&iiéif {

BENMEERMEERMNY | s
I ‘j'j', Hil l; I :.“-4{t’;u(;':;-'ﬁv&@%ﬁ%ﬁ"ﬁ""ﬂ‘

VeR2
B Lce
Zoom1 : 6.25 M 10ms/div

Zoom1 £ 6.25 M 10ms/div’

Figure 12 BO distortion measurements
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5.8 OoTP

The OTP detects the temperature via an external NTC sensor. Figure 13 shows the operation of the OTP. If the
voltage Vqrp, is less than 703 mV during start-up, the controller prevents a power-up. If the voltage at pin 11
drops below Vqp, =625 mV during RUN or burst mode, the IC powers down and auto-restarts when it rises
above Vyp; = 703 mV. Delay in both cases is 620 ps, and the typical current sourced by this pin is o, = 100 pA. In
order to disable OTP connect a 20 k resistor from pin 11 to GND.

Over Temperature Detection

1,4

Operation at nominal ambient temperature

1,2

| Temperature|increase Temperature decrease

1 .'/
R

0,8

Votpr2 > 703 mV:/ON/auto-restart

\\ ]

0,6 7

\/otp2 greater than 625

Over Temperature Detection Voltage [V]

04 mV:-OFF Attgates OFF
0,2
0
Ambient Temperature
—e—\Votp ——Votp2_OFF ——Votpl_ON
Figure 13 OTP
Note: If OTP is disabled, do not set a capacitor parallel to the 20 k resistor to GND. This would lead to a

malfunction during ABM. For OTP use an NTC and a capacitor less than 47 nF from pin 11 to GND,
as shown in Figure 14.

o—C0 O O
vce v é o o)
RF
ICL5102
BO
< ovp O
[ I T
BM w u [ v »n
0O o (9] < O
NTC v o Z a
l oTP S o °
0_{ O0—0O O—O0—0O0—
Figure 14 OTP set-up
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Key measurements using LED load

5.8.1 Board hot spot

The board was tested around the temperature hub at the corner cases. The ambient temperature was Ta = 25°C,
lour = 1.75 and a mains voltage at 230 V. Figure 15 shows the thermal behavior of the evaluation board with a

hot spot.

Figure 15 Hot spot on board
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130 W dimmable constant current LED driver |n f| neon
using ICL5102 in PFC and LLC topology

Key measurements using LED load

5.9 Surge protection

Description of SURGE protection

In case of a surge event, the voltage at the BUS capacitors C5 and C8 increases, and the driver stages of the
ICL5102 are shut off when V;  is greater than 115 percent for longer than 50 ms. After the surge, the controller
restarts automatically when V,; drops below 109 percent of the rated voltage. This feature allows for driving
500 V MOSFETSs at the half-bridge stage when adequate EMI and DC-link networking is present.

5.10 Harmonics according to IEC EN 61000-3-2
ICE Harmonics EN 61000-3-2 Class C
200
180 —
160
140
120
<
.§. 100
80
60 1
40 M
2 E
e e
2 3 5 7 9 11 13 15 17 19 21 23 25 27 29 31 33 35 37 39
Harmonic [n]
B Measurement [mA] [ Limits [mA]

Figure 16 Harmonics according to EN 61000-3-2 Class C

Engineering Report 17 of 28 V1.0
2018-01-04



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

5.11

5.11.1

EMI measurement

Filter design

In Figure 17 you can see the line input filter, which is optimized for EMI according to EN 55015 and meets the
harmonics according to EN 61000-3-2 Class C.

DVASOLU08Y

= H
2 a2 —— Fl 0
¢ g3 ==
‘!j o 3154, 300V
o
AN

KX

LOSNED

2 A

Lo

[R:t3)

SSLSTE0SL

0.68wAs0Vdc |_‘

I}

Figure 17

5.11.2

Line input filter

Conducted EMI measurement according to EN 55015
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Figure 18

Conducted EMI measurement according to EN 55015
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130 W dimmable constant current LED driver
using ICL5102 in PFC and LLC topology
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Magnetic power specification

6 Magnetic power specification
6.1 CM choke specification L1 and L2
For the line input filter, standard CM choke 2 x 5.0 mH/2.5 A from Wiirth Elektronic, part number 744 8233 05, is
used.
Electrical Properties: General information:
It is recommended that the temperature of the part does
Progerties Test conditions val_"e Unit Tol. not exceed +125°C under worst case conditions. —_ O
Inductance 10 kHz/ 0.1 mA L x50 | mH | +30% «Storage Temperature: -20°C to 60°C . 0
Rated current @70°c [} 25 A max #Qperating Temperature: -40°C to 125°C _— —_—
DC Resistance @ 20°C Roc 2095 me max, +Temperature Rise: < 55K — O
Rated voltage 50 Hz Ug 250 V (AC) max. #Test conditions of Electrical Properties: 20°C, 33% RH ..—O—
Insulation test voltage | 50 Hz/ 5 mA/ 2sec. | Uy 1500 | V(D) if not specified differently WURTH ELEKTRONIK
A Dimensions: [mm] B Recommended hole pattern: [mm]
P14
jJ el 1
.32& - - .&4._1,
7.5
1 S
3
E
s Scale - 1:1
C Schematic:
u?__
]
F
=
O 2 AAAS?
[ ]
o = o 8 e
\iH H @ 1 ’
AL —— ;
Scale - 111
Figure 19 CM choke Ll and L2
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130 W dimmable constant current LED driver
using ICL5102 in PFC and LLC topology
Magnetic power specification

(infineon

6.2 DM choke specification L5

For the line input filter, standard DM choke 360 uH/130 Q/180 uH typ./1000 V from Wiirth Elektronic, part
number 750 3157 55, is used.

ELECTRICAL SPECIFICATIONS ® 25°C unless otherwige noted:

PARAMETER

TEST COMDITIONS

VALUE

D.C. RESISTANCE

1-2

|0

.130 ohms max.

INDUCTANCE

1-2

40kHz, L.OVAC, Ls

380uHt15%

INDUCTANCE

1-2

40kHz, 1.0VAC, 2.54, Is

180uH typ.

DIELECTRIC

1-CORE

1200VAC, 1 second

1000VAC, 1 minute

_ -B4D Max. .528+.012
[21.34] ™ [13.40] [
I _———— B
4 —= Mex. 5911012
== .32] [15.00]
026(2) :r =
[0.66] 7
184,020 - —
[3.00]
#.043(2) 354

[1.08]

HOLE SIZE " [.00] "
@3. 3 —+
(_2 RECOMMENDED

P.C. PATTERN, COMPONENT SIDE

Figure 20 DM choke L5
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130 W dimmable constant current LED driver
using ICL5102 in PFC and LLC topology

Magnetic power specification

6.3

PFC choke specification L6

infineon

For the PFC stage, a standard PFC choke with 360 pH inductance from Wirth Elektronic, part number 750 3431
80 Ref. 1, is used.

- e
= —_—
-_ ——

WiETH ELEKTRONIK

ELECTRICAL SPECIFICATIONS @ 25° C unless otherwise noted:

PARAMETER TEST CONDITIONS VALUE
D.C. RESISTANCE 12-1 @20°c 0.180 ohms max.
D.C. RESISTANCE 10-3 @20°C 0.250 ohms max.
INDUCTANCE 12-1 40kHz, 1V, Ls 425 00uH x10%
INDUCTANCE 12-1 40kHz, 1V, 434 Ls 360.00uH min.
DIELECTRIC 10-12 1250VAC, 1 second 1000VAC, 1 minute
DIELECTRIC 10-core 1250VAC, 1 second 1000VAC, 1 minute
DIELECTRIC 12-core 1250VAC, 1 second 1000VAC, 1 minute
TURNS RATIO (12-1):{10-3) 9.18:1, 2%

PART MWUST IMSERT FULLY TO

SURFACE A IN RECOMMENDED GRID

_ #.024(11)
60 - ot/ CATES .
\ [.60] 130 MIN. [ r DOT/CHAMFER LOCATES TERM. #1
| [3.30] B4B MAX, \ 1,184 MAY,
\ M [21.50] \ [30.07] AI
; y —E ] N
" 2 _: BD:‘
0 ] | —
= 1,150 MaX, o
:I [25.21] % E !
L =1
[H= =7
B 3 N 2
1@ |4 =IF=_ | r“":lu'
1 — ;,
\, LOT CODE & DATE CODE -~
"~ TERM. NO.'s FOR REF. ONLY
1,000
2.081(11) [25.40]

@ Sl @
=1
— ||
|

@ Sl ®

Apply tubing to terminal #1&12.

[1.04]

A50(7)
[3.81]

I R

.300{2)

RECOMMEMDED
P.C. PATTERN, COMPOKENT SIDE

Wire insulation & RoHS status not affected by wire color. Wire insulation color may vary depending on availability.

DFM Packaging Specifications /8\ ___ |Telerances unless ctherwise specified: DRAWING TITLE PART NO.
DATE Method: Tray Gy r l Angles: +1° Decimals: +.005 [.13]
FENG | Nwa JPKG-0598 h |'/‘ ! |Fractions: +1/64 Footprint: + 001 [03] TRANSFORMER 7503431 80
REV. 01 cowvanmon PLecEMeNT]  This drawing is dual dimensioned. Dimensions in
DATE |2018-04-19) weww wie-online com/mideom brackets are in millimeters. SEECIE AT O SHEET 1OF 1
Figure 21 PFC choke L6
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130 W dimmable constant current LED driver
using ICL5102 in PFC and LLC topology

infineon

Magnetic power specification

6.4 LLC resonant choke specification L7

As resonant choke for the LLC resonant tank, a choke with 160 pH inductance from Wiirth Elektronic, part

number 750 3428 05 Rev. 4, is used.

CUSTOMER TERMINALIRoH S |LEAD(PL)—FREE] H
Sn 06%. Ag 4% | ves | Yes |
s
or
PART WUST IMSEAT FULLY T :ﬁ
SURFACE & IW RECOMMENDED GRIC a . WRETH LR TR HIE
.[. B 50.010) ELECTRICAL SPECIFICATIONS @ 25° C unless otherwise noted:
21 R A DOT LOCATES TERW, @i
r_'. AR = P ' {'_J a e PARAMETER TEST CONDITIONS VALUE
) -— g3 = = 14 1 [.C. RESISTANCE &5 §2AC 0.330 chms max.
INCUCTANCE B R, 1V, L8 TEO0pH 5%
INDUCTANCE B AOKIE, TV, 3.5%, 15 TIZ0yH min.
! . DIELECTRIC BCORE TZS0VAL, 1 5600 TD00VAL, 1 minue
SED MAX. =
12.33] a8
B
1 |
A E:
TERM. HZ." R L E & Dw
[1:22] (51|~
® - i »
14
® 1 . . GENERAL SPECIFICATIONS:
OPERATING TEMPERATURE RANGE: -40'C o +125"C inchuding temp rise.
oy FECCHMENTED
Apply tublng fo tarminalBsas.
Wire Insulation & RoHS status nat affected l‘lr'l'l"@ colpr. Wire Insulation color miay vary s2panaing on a'.rallanllry.
Lirh Fackaging Specifcatons . ~ TORTanCaE UNEEs CINETWIEE SEEcTED. DRAWING TITLE FART MO,
DATE Mzthad: Tray - _{__} 2ngles: £1° Diecimals: £.005 [.13]
e T e Jrucosis ‘\q’ ~-l |Fractions: +1/64  Footprint: = .001 03] TRANSFORMER 750342805
REV. o4 CORNMENTION PLAZEMERT]  Thils umwlrg 5 dual dimensioned. DImMensions In
DATE | 20M5-12-23 ey ey brackets are In millmeters. EEECIFICATION BEST 1 OF 1
Figure 22 LLC resonant choke
Engineering Report 22 of 28 V1.0
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130 W dimmable constant current LED driver
using ICL5102 in PFC and LLC topology
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Magnetic power specification

6.5

LLC transformer specification TR1

As the main magnet for the LLC topology, a transformer with 1.5 mH inductance from Wiirth Elektronic, part
number 750 3428 86, is used.

CUSTOMER TERMINAL|ROHS | LEAD(Po) FrEEe] ||
Sn BE%%:, Ag 4% es fies
s
oL o _N'bl LILIR LT
ELECTRICAL SPECIFICATIONS @ 25 C unless otherwise noted:
o r
- i L - PEREMETER TEST CONDITIONS VALUE
O.C. REEISTANCE 4-3 E'_“J‘:- 0271 ohms max.
® O.C. REEISTANCE 52| E'_“J“:- 0334 I:h'E- TR
\ [.C. RESIETANCE &3 (=i 0210 chms max.
:E O.C. REEISTANCE -2 GarC 054 ohms max.
"3 O.C. REEISTANCE 211 IO 0054 I:h'E- TR
E i |INCUCTARCE =2 £EHz, 1V, Ls 1.50mH 5%
F S-I|dei3+Ld+8+S+10+11] 40KHE, 1V, Ls| 47 pH byp.., SOH .
A\ 58| teid+5), D00VAC, 1 second 4000VAC, 1 minute
S~rore| te(d«S) 2000VAC, 1 second 2000VALC, 1 minube
R Srcone| 2000VAL, 1 second Z000vAL, 1 minute
(S-2jc(4-3) 15:1, =2%
(5-2)c(8-5] 151, =%
TURNS RATIO -2 109 BE7:1, =I%
TURME RATIO E-2iB-11 BE57:1, =2%
@ A E_@ . [ }
{? 3} - -
= L] - -
(A |>_
A=y - I}-— # # §
I>-_ - -
— ¥ BENERAL IPECIFICATIONS:
@ :>.._ @ T .IJI OPERATING TEMPERATURE RANGE. —40'C w +125°C induding g fse
}_
L
-
—
Al fubing fo teminaiF2aS
Wire Irsuisfion & RoHS status nof affected by wire color. Wire Insulation color mary vary depending on avallabliky.
DEM Fackaging spectcatore [ . [ToRIances Unkss oihewise specined. DRAWING T1TLE PART MO.
[Date Misthod: Tray ——-|——|- langies: +1° Decimas: +.005 [.13] TRANSFORMER
EWG | WWA |Pre-osse T [rrations: 4154 Fooiprnt: + 001 {03 750342886
REW. 03 cesnenio st | This drawing | dual dimenskoned. Dimensions in
DATE | 25082 p— - TT brackets anz In millimetars. SPECIRCATION SHEET 1 OF 1
Figure 23 LLC transformer
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130 W dimmable constant current LED driver ‘ |n f| neon
using ICL5102 in PFC and LLC topology

Board layout

7 Board layout

Figure 24 Layout (bottom view)

2
F1
®
+|
[] [] # F [] []
L]
[
<
Cyz 3

;ﬂ
|
Figure 25 Assembly print (top view)
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130 W dimmable constant current LED driver
using ICL5102 in PFC and LLC topology

BOM
Part Value Package Supplier Order/Part Number
1-10V Kabel, Spezifikation AWG24, 200mm, abisoliert 10mm, verzinnt, rot Manufacturer
BR1 GBU807, 8A/1kV SIP-4Pin Mouser 821-GBU807
C1 MKP 470n, 305Vac/pitch15 FCAP-18-9-15 Farnell 2291758
ClA MKP 680n, 305Vac/pitch15 FCAP-18-11-15  [Farnell 1781892
C3 MKP 0.68uF/450Vdc FCAP-18-6-15 Farnell 2469037
Cc4 100nF/50V/10%/X7R C0805 Farnell 2354124
C5 56uF/500V/20% Pitch 7.5 ECAP-35.5-18-7.5 |Mouser 647-UCY2H560MHD
C6 2.2n/50V/10%/X7R C0805 Farnell 1414681
Cc7 1uF/50V/10%/X7R C1206 Mouser 810-C3216X7R1H105K
C8 220uF/25V/20% ECAP-11-6.3-2.5 [Farnell 2465679
c9 100nF/50V/10%/X7R C0805 Farnell 2354124
C10 1uF/50V/10%/X7R C1206 Mouser 810-C3216X7R1H105K
C12 2.2nF/25V/5%/C0G C0603 Farnell 1457726
C13 100nF/50V/10%/X7R C0805 Farnell 2354124
C15 220nF/25V/10%/X7R C1206 Farnell 1856628
Cl6 0.22uF/630Vdc/5% FCAP-18.5-9-15 |Farnell 1744819
C19 6.8nF/600Vac/1600Vdc/5% FCAP-18-5-15 RS 882-9225
C19A 4.7nF/600Vac/1600Vdc/5% FCAP-13-4-10 Farnell 2468983
C20 2200pF, Class X1, 760 VAC / Class Y1, 500 VAC FCAP-18-6-15/10 |Farnell 1612164
C21 100nF/50V/10%/X7R C0805 Farnell 2354124
C22 1uF/50V/10%/X7R C1206 Mouser 810-C3216X7R1H105K
C23 100nF/50V/10%/X7R C0805 Farnell 2354124
C24 68nF/50V/10%/X7R C0805 Farnell 2070495
C26 33uF/35V/20% 5x11 ECAP-11-5-2 Farnell 2465672
c27 220uF/100V/20% ECAP-25-16-7.5 |[Farnell 1144643
C28 56nF/50V/10%/X7R C0805 Farnell 2522484
C29 100nF/50V/5%/X7R C1206 Farnell 1650885
C30 100pF/50V/5% C0805 Digikey 490-8031-1-ND
Cc31 330nF/50V/10%/X7R C0805 Farnell 2320844
C32 220uF/100V/20% ECAP-25-16-7.5 |Farnell 1144643
C33 1nF/50Vdc/5%/C0G/NPO C0805 Farnell 2280963
C34 220nF/25V/10%/X7R C1206 Farnell 1856628
C35 100nF/25V/10%/X7R C0603 Farnell 2478242
C36 2200pF/400Vac/20% FCAP-8.4-4.3-6.4 |Farnell 2309031
C37 10nF/50V/10%/X7R C0805 Farnell 2407341
CYl 2200pF Class X1, 760 VAC / Class Y1, 500 VAC FCAP-18-6-15/10 |Farnell 1612164
CY2 2200pF Class X1, 760 VAC / Class Y1, 500 VAC FCAP-18-6-15/10 |Farnell 1612164
D2 US1M, 1.0A/1000V DO-214AC Farnell 1562250
D4 STTH5L06, 600V/ 5A/ TO252 TO-252 Farnell 2344054
D5 TZMB18, 18V SOD-80 Mouser 78-TZMB18
D6 1N4148W SOD-123 Farnell 1776392
D7 TZMB18, 18V SOD-80 Mouser 78-TZMB18
D8 5100, 1.0A/100V DO-214AC Farnell 1611177
D9 US1M, 1.0A/1000V DO-214AC Farnell 1562250
D10 1N4148W SOD-123 Farnell 1776392
D11 US1M, 1.0A/1000V DO-214AC Farnell 1562250
D12 1N4148W SOD-123 Farnell 1776392
D13 1N4148W SOD-123 Farnell 1776392
D14 BYV32-200G TO-220AB Farnell 2317407
D17 BZT55B12, 12V SOD-80 Mouser 78-BZT55B12
D18 1N4148W SOD-123 Farnell 1776392
D20 SS12HE3, 20V DO-214AC Mouser 78-SS12HE3_A/H
D21 S1PM, 1kV,1A DO-220AA Farnell 1812469
D22 S1PM, 1kV,1A DO-220AA Farnell 1812469
F1 Fuse 3.15A, 300V Radial Lead Fuse |Farnell 1826515
Glue Pad [Glue Pad for C5 cut W:9.5mm L: 30mm, Thickness: 1.6mm Mouser 517-4016-1/2
GND Kabel, Spezifikation AWG24, 200mm, abisoliert 10mm, verzinnt, schwarz Manufacturer
Heat shrink|Heat shrink tube for C5 L:40mm Farnell
IC1 1CL5102 5016 Infineon 1CL5102
1C2 LM358ADR SO08 Farnell 7527007
L1 5mH WE-CMB, Type M |Wuerth 744823305
L2 5mH WE-CMB, Type M |Wuerth 744823305
L4 0Q R1206 Mouser 603-RC1206FR-070RL
L5 180uH, 2pin Smm R12 Wuerth 750315755
L6 750343180 PQ26 Wuerth 750343180 rev0l
L7 750342805 EE13-20151221 Wuerth 750342805 rev4
L8 4.7uH WE-TI 8095 Farnell 1635795
O/P+ Kabel, Spezifikation AWG18, 200mm, abisoliert 10mm, verzinnt, violet Manufacturer
O/P- Kabel, Spezifikation AWG18, 200mm, abisoliert 10mm, verzinnt, grau Manufacturer
PC1 SFH617A-3X007T, 5300 VRMS, 110 °C Rated SMD-4 Mouser 782-SFH617A-3X007T
Q1A BSS126, VDS 600V, IDSS min 0.007A SOT23 Farnell 2212899
Q3 MMBT3904 TO-236AB Farnell 1757936
Q4 IPD60R400CE, P6 650V, DPAK TO-252 Infineon IPD60R400CE
Q4A IPD60R400CE, P6 650V, DPAK TO-252 Infineon IPD60R400CE
Qs BCX56-16 SOT89 Farnell 1081281
Q6 IPD60R400CE, P6 650V, DPAK TO-252 Infineon IPD60R400CE
Q7 IPD60R400CE, P6 650V, DPAK TO-252 Infineon IPD60R400CE
Qs BCX56-16, 80V, 500mW, 1A SOT89 Farnell 1081281
R1 1.5MQ/200V/1% R1206 Farnell 9237011
R2 1.5MQ/200V/1% R1206 Farnell 9237011
R3 2kQ/200V/1% R1206 Mouser 603-RC1206FR-072KL
R4 2kQ/200V/1% R1206 Mouser 603-RC1206FR-072KL
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130 W dimmable constant current LED driver

using ICL5102 in PFC and LLC topology

BOM

Engineering Report

R5 2kQ/200V/1% R1206 Mouser 603-RC1206FR-072KL
R6A 1.0Q/200V/1% R1206 Farnell 1717852
R6B 1.0Q/200V/1% R1206 Farnell 1717852
R6C 1.0Q/200V/1% R1206 Farnell 1717852
R6D 1.0Q/200V/1% R1206 Farnell 1717852
R6E 1.0Q/200V/1% R1206 Farnell 1717852
R7 20kQ/150V/1% R0805 Mouser 603-RCO805FR-0720KL
R8 00/150V RO805 Farnell 2073603
R9 20kQ/150V/1% RO805 Mouser 603-RCO805FR-0720KL
R10 1.0kQ/150V/1% RO805 Farnell 2008380
R11 100/150V/1% R0O805 Farnell 1469859
R11A 100/150V/1% R0805 Farnell 1469859
R12 47kQ/150V/1% R0805 Farnell 1469929
R13 00/150V R0805 Farnell 2073603
R14 50/20% VDR-SL15 Farnell 9751866
R15 510kQ/150V/1% R0805 Farnell 2139087
R16 510kQ/150V/1% R0805 Farnell 2139087
R17 56kQ/150V/1% R0805 Farnell 1692535
R18 1.5MQ/200V/1% R1206 Farnell 9237011
R19 1.5MQ/200V/1% R1206 Farnell 9237011
R20 1.5MQ/200V/1% R1206 Farnell 9237011
R21 24.9kQ/150V/1% R0805 Farnell 1469901
R22 3kQ/200V/1% R1206 Farnell 1653121
R23 1.0Q/200V/1% R1206 Farnell 1717852
R24 12k/75V/1% R0O603 Farnell 1652834
R25 220kQ/75V/1% R0603 Farnell 1469783
R26 180kQ/150V/1% RO805 Farnell 1652929
R27 00Q/75V/1% RO603 Farnell 2309106
R28 0Q/75V/20mOhm R0O603 Farnell 2122112
R29 NTC 100kQ/5% RO805 Farnell 1688787
R30 100/150V/1% R0805 Farnell 1469859
R31 22Q/150V/1% R0805 Farnell 1652962
R32 220/150V/1% R0805 Farnell 1652962
R33 2000/150V/1% R0805 Farnell 2057594
R34A 1.5Q/200V/1% R1206 Farnell 9236546
R34B 1.2Q/200V/1% R1206 Farnell 9236538
R34C 1.2Q/200V/1% R1206 Farnell 9236538
R35 47kQ/150V/1% R0805 Farnell 1469929
R36 47kQ/150V/1% R0805 Farnell 1469929
R37 3300/150V/1% R0805 Farnell 1469918
R38 1.0kQ/150V/1% R0805 Farnell 2008380
R39 3.3kQ/150V/1% R0805 Farnell 1469911
R40 10Q/200V/1% R1206 Farnell 1469974
R41 3.6kQ/150V/1% RO805 Farnell 2138956
R42 20kQ/150V/1% RO805 Farnell 1469893
R43 2.2MQ/200V/1% R1206 Farnell 1469657
R44 20kQ/150V/1% R0O805 Farnell 1469893
R45 3.6kQ/150V/1% R0O805 Farnell 2138956
R46 2.2MQ/200V/1% R1206 Farnell 1469657
R47 360kQ/150V/1% R0O805 Farnell 2139072
R48 3.9MQ/150V/1% R0805 Farnell 2139189
R49 4.7kQ/150V/1% R0805 Farnell 1469923
R50 0.15Q/675mV/1% R1206 Farnell 2008302
R51 0.15Q/675mV/1% R1206 Farnell 2008302
R52 0.15Q/675mV/1% R1206 Farnell 2008302
R53 2.00kQ/150V/1% R0805 Farnell 1469884
R54 150kQ/200V/1% R1206 Farnell 1653066
R55 33kQ/150V/1% R0805 Farnell 1652985
R56 2.2MQ/200V/1% R1206 Farnell 1469657
R57 100kQ/75V/1% R0O603 Farnell 1469649
R58 00/200V/1% R1206 Farnell 1469963
R59 2.7kQ/75V/1% R0O603 Farnell 1469768
R62 330k/150V/1% R0O805 Farnell 1652983
TR1 750342886 rev03 EER35-35 Wuerth 750342886 rev03
VR1 10D561K VR-12.5-6-7.5 Mouser 652-MOV-10D561K
VR2 TL431CDBZR SOT23 Farnell 2437390
X1 CON3P, WAGO_250-203 WAGO3P Farnell 1891581
not led

C2 not assembled

C10A not assembled

C11 not assembled

C14 not assembled

C17 not assembled

C18 not assembled

C25 not assembled

D1 not assembled

D2 not assembled

D3 not assembled

D15 not assembled

D16 not assembled

D19 not assembled

HS not assembled

R6 not assembled

R34 not assembled

R60 not assembled

R61 not assembled

T1A not assembled
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Do you have a question about this
document?

Email: erratum@infineon.com

Document reference
ER_201708_PL21_009

IMPORTANT NOTICE

The information contained in this application note
is given as a hint for the implementation of the
product only and shall in no event be regarded as a
description or warranty of a certain functionality,
condition or quality of the product. Before
implementation of the product, the recipient of this
application note must verify any function and other
technical information given herein in the real
application.  Infineon  Technologies  hereby
disclaims any and all warranties and liabilities of
any kind (including without limitation warranties of
non-infringement of intellectual property rights of
any third party) with respect to any and all
information given in this application note.

The data contained in this document is exclusively
intended for technically trained staff. It is the
responsibility of customer’s technical departments
to evaluate the suitability of the product for the
intended application and the completeness of the
product information given in this document with
respect to such application.

For further information on the product, technology,
delivery terms and conditions and prices please
contact your nearest Infineon Technologies office
(www.infineon.com).

WARNINGS

Due to technical requirements products may
contain dangerous substances. For information on
the types in question please contact your nearest
Infineon Technologies office.

Except as otherwise explicitly approved by Infineon
Technologies in a written document signed by
authorized representatives of Infineon
Technologies, Infineon Technologies’ products may
not be used in any applications where a failure of
the product or any consequences of the use thereof
can reasonably be expected to result in personal
injury.
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