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350 W AC/DC HV LED driver reference design
based on ICL5102HV

Targeted for street light and horticulture applications

About this document

Scope and purpose

This document details all aspects of a highly efficient, dimmable 350 W AC/DC LED driver reference board. The
board was developed to demonstrate the performance of the ICL5102HV, an advanced 980 V resonant half-
bridge controller IC with an integrated PFC stage. It is designed for LED driver applications such as horticulture
and fishing lighting, street lighting, and parking space lighting where high AC input voltage systems are
commonly used.

The document also describes the process of designing a tank with Infineon’s LCC Design Tool. It also explains
how a wide output voltage range is achieved due to the selected resonant LCC topology using the tool.

CoolMOS™ PFD7 950 V high-voltage MOSFET with best-in-class hard commutation ruggedness is used in the
half-bridge as well as in the PFC stage ensuring safe operation across the whole load range.

Intended audience

This document is intended for design engineers, technicians, and developers of AC/DC LED drivers.
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Important notice

Important notice

“Evaluation Boards and Reference Boards” shall mean products embedded on a printed circuit board
(PCB) for demonstration and/or evaluation purposes, which include, without limitation, demonstration,
reference and evaluation boards, kits and design (collectively referred to as “Reference Boards”).
Environmental conditions have been considered in the design of the Evaluation Boards and Reference
Boards provided by Infineon Technologies. The design of the Evaluation Boards and Reference Boards
has been tested by Infineon Technologies only as described in this document. The design is not qualified
in terms of safety requirements, manufacturing and operation over the entire operating temperature
range or lifetime.

The Evaluation Boards and Reference Boards provided by Infineon Technologies are subject to functional
testing only under typical load conditions. Evaluation Boards and Reference Boards are not subject to the
same procedures as regular products regarding returned material analysis (RMA), process change
notification (PCN) and product discontinuation.

Evaluation Boards and Reference Boards are not commercialized products, and are solely intended for
evaluation and testing purposes. In particular, they shall not be used for reliability testing or production.
The Evaluation Boards and Reference Boards may therefore not comply with CE or similar standards
(including but not limited to the EMC Directive 2004/EC/108 and the EMC Act) and may not fulfill other
requirements of the country in which they are operated by the customer. The customer shall ensure that
all Evaluation Boards and Reference Boards will be handled in a way which is compliant with the relevant
requirements and standards of the country in which they are operated.

The Evaluation Boards and Reference Boards as well as the information provided in this document are
addressed only to qualified and skilled technical staff, for laboratory usage, and shall be used and
managed according to the terms and conditions set forth in this document and in other related
documentation supplied with the respective Evaluation Board or Reference Board.

It is the responsibility of the customer’s technical departments to evaluate the suitability of the
Evaluation Boards and Reference Boards for the intended application, and to evaluate the completeness
and correctness of the information provided in this document with respect to such application.

The customer is obliged to ensure that the use of the Evaluation Boards and Reference Boards does not
cause any harm to persons or third-party property.

The Evaluation Boards and Reference Boards and any information in this document is provided “as is”
and Infineon Technologies disclaims any warranties, express or implied, including but not limited to
warranties of non-infringement of third-party rights and implied warranties of fitness for any purpose, or
for merchantability.

Infineon Technologies shall not be responsible for any damages resulting from the use of the Evaluation
Boards and Reference Boards and/or from any information provided in this document. The customer is
obliged to defend, indemnify and hold Infineon Technologies harmless from and against any claims or
damages arising out of or resulting from any use thereof.

Infineon Technologies reserves the right to modify this document and/or any information provided
herein at any time without further notice.
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Safety precautions

Note: Please note the following warnings regarding the hazards associated with development systems.

Table1 Safety precautions

Warning: The DC-link potential of this board is up to 1000 V DC. When measuring
voltage waveforms by oscilloscope, high-voltage differential probes must be used.
Failure to do so may result in personal injury or death.

Warning: The evaluation or reference board contains DC bus capacitors, which take
time to discharge after removal of the main supply. Before working on the drive
system, wait five minutes for capacitors to discharge to safe voltage levels. Failure to
do so may result in personal injury or death. Darkened display LEDs are not an
indication that capacitors have discharged to safe voltage levels.

Warning: The evaluation or reference board is connected to the grid input during
testing. Hence, high-voltage differential probes must be used when measuring voltage
waveforms by oscilloscope. Failure to do so may result in personal injury or death.
Darkened display LEDs are not an indication that capacitors have discharged to safe
voltage levels.

Warning: Remove or disconnect power from the drive before you disconnect or
reconnect wires, or perform maintenance work. Wait five minutes after removing
power to discharge the bus capacitors. Do not attempt to service the drive until the bus
capacitors have discharged to zero. Failure to do so may result in personal injury or
death.

Caution: The heatsink and device surfaces of the evaluation or reference board may
become hot during testing. Hence, necessary precautions are required while handling
the board. Failure to comply may cause injury.

Caution: Only personnel familiar with the drive, power electronics and associated
machinery should plan, install, commission and subsequently service the system.
Failure to comply may result in personal injury and/or equipment damage.

Caution: The evaluation or reference board contains parts and assemblies sensitive to
electrostatic discharge (ESD). Electrostatic control precautions are required when
installing, testing, servicing or repairing the assembly. Component damage may result
if ESD control procedures are not followed. If you are not familiar with ESD control
procedures, refer to the applicable ESD protection handbooks and guidelines.

Caution: A drive that is incorrectly applied or installed can lead to component damage
or reduction in product lifetime. Wiring or application errors such as undersizing the
motor, supplying an incorrect or inadequate AC supply, or excessive ambient
temperatures may result in system malfunction.

SEBBE B BB

Caution: The evaluation or reference board is shipped with packing materials that
need to be removed prior to installation. Failure to remove all packing materials that
are unnecessary for system installation may result in overheating or abnormal
operating conditions.
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1

Board specifications

Figure 1 describes the components of the reference board architecture and Table 2 highlights Infineon
components used in the board.

EMI filter, protection, and rectification

Boost PFC stage operating in critical-conduction mode (CrCM) for the high- and medium-load cases and in
discontinuous mode (DCM) for light-load cases

Half-bridge resonant tank forming the LCC topology for a wide output voltage range
Synchronous rectification ensuring high efficiency and low losses on the secondary side
Analog dimming interface (0-10 V) going down to 1 percent load

Single-sided PCB (70 um/2 oz copper thickness) for cost saving

-1
"""" lJ—_I +—OVour +
CoolMOS OptiMOS
= PFD7 H]
950V
.
CoolMOS CoolMOS 1 —
PFD7 -
950V (]
E 1 O Vout -
1 <
OptiMOS
' I
T “ T
I L

CClcV
E Control 010V

Figure 1 Block diagram

Table 2 Infineon key components

Description Type Package

980 V PFC+ resonant combo controller ICL5102HV PG-DS0O-19

950V PFC MOSFET IPA95R450PFD7 PG-T0220-3

950V half-bridge MOSFET (2x) IPA95R310PFD7 PG-T0220-3

SR controller IR1168STRPBF PG-DSO-8

150V SR MOSFET (2x) BSCO74N15NS5 PG-TSON-8
Engineering report 5 V1.0
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Board specifications

1.1 Electrical specifications

Table 3 provides the electrical specifications of the LED reference board.

Table 3 Electrical specifications

Description l Symbol l Value Unit Remarks

Input characteristics

AC input voltage range V., 249 to0 528 Vrus Vinnom = 347 Vs

Input frequency f., 471063 Hz

Analog dimming voltage Vi Oto 10 Voc

Total harmonic distortion THD below 10 % 50% load at 277 Vgys
below 12 % 50% load at 347 Vgys
below 15 % 50% load at 480 Vg

Power factor PF 0.99 - 100% load at 277 Vgys
0.91 50% load at 480 Vgys

EMI acc. to EN 55015 100% load at 347 Vgys/56 Ve

Harmonics acc. to IEC61000-3-2 Class-C, edition 5.1

Output characteristics

Output voltage range Vour 35to 56 Ve
Output current range lour 0.0625 to 6.25 A 1% to 100%
Rated output power P ax 350 W
Peak efficiency Npeak 95.7 % Tested at 347 Viys/56 Vpc
Time to light Tstart-up 413 ms Tested at 347 Vs 100% load
Standby power consumption | Pgpay 915 mW Tested at 480 Vyys
Line regulation AVoyriine | Max. 1 % Voltage regulation mode
Aloyriine | Max. 1 % Current regulation mode
Load regulation AVoyriead | Max. £1 % lour. 1 to 100%
Engineering report 6 V1.0
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Analog dimming interface

The 350 W HV LED Driver has an analog dimming interface that enables the user to drive the load in a certain
operating window, characterized in Figure 2. The output current can be adjusted in the range of 1-100 percent.

Vled
A

350w

Operating window

H
'
—P |out

0.625A 6.25A

Figure 2 Operating window

1.2 Mechanical specifications

Table 4 provides the mechanical specifications of the LED reference board.

Table 4 Mechanical specifications

Description Symbol |Value Unit Remarks

Board dimensions LxWxH | 275x70x 41 mm length x width x height

Weight m 440 g Fully assembled

PCB

PCB copper thickness - 70 pm -

PCB thickness - 1.6 mm -
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1.3 Test setup

Figure 3 shows the board’s test setup used to evaluate the system performance. All measurements listed in this
engineering report have been performed with the following test setup.

Equipment needed:

e High-voltage AC source (249 to 528 Vgys/50 to 60 Hz)
e DCload (CV/CR/LED mode)
e DC powersupply (0-10 Vy)

LED/
DC-Load

249 - 528V AC
50 - 60 Hz

Analog
Dimming
Figure 3 Board test setup
Attention: Lethal voltages are used in this reference design. Do not operate the board unless you are
trained to handle high-voltage circuits. Do not leave this board unattended when it is
powered up.
Engineering report 8 V1.0
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2 Performance data

2.1 System efficiency

The overall system efficiency evaluated at several input conditions and over a wide dimming range are
illustrated in Figure 4. A peak efficiency of 95.7 percent was achieved at full-load.
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Figure 4 System efficiency over a wide dimming range

The system efficiency remains high over a wide output voltage range, as shown in Figure 5.
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Figure 5 System efficiency over a wide output voltage range
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2.2 Power factor

For a nominal input voltage, the power factor remains high over the entire dimming range (Figure 6).
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0.75 [
1 3 5 7 9
Dimming Voltage [V]
Figure 6 Power factor across the entire dimming range

Figure 7 shows the power factor results across the load range for the nominal input voltage.
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Figure 7 Power factor across the load range at V;, .,
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2.3 Total harmonic distortion (THD)

Best-in-class THD is achieved thanks to the controlled on-time of the PFC MOSFET in order to minimize THD
and harmonics, as shown in Figure 8.

27.5
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—8—277 Vac/50 Hz, 56 V LED
22.5
—@— 347 Vac/50 Hz, 56 V LED
20.0 18.34
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& 150 1272
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1 3 5 7 9
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Figure 8 Total harmonic distortion (THD) across the dimming range

Figure 9 shows the THD results across the load range for the nominal input voltage.
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Figure 9 Total harmonic distortion across the load range atV,, ..,
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2.4

Input current harmonics

infineon

Input current harmonics are well below the limits according to IEC61000-3-2 Class-C (lighting equipment).
Figure 10 shows the results for the full-load and half-load cases at the nominal input voltage.

35%
m 347Vac/Full Load/S6VLED
30%
W |[EC61000-3-2
25%
20%
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10%
- I ‘ I
dalldd S aaaaaaa a1
i2 i3 i5 i7 19 i11 i13 15 i17 i19 i21 23 i25 i27 i29 i31 i33 i35 i37 i39
Current Harmonics
35%
B 347Vac/50% Load/56VLED
30%
m [EC61000-3-2
25%
20%
15%
10%
5% ‘ I
a0 0001
i2 i3 i5 i7 i9 i11 i13 15 i17 i19 i21 i23 25 i27 29 i31 i33 i35 i37 i39
Current Harmonics
Figure 10 Input current harmonics according to IEC61000-3-2 Class-C
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3 Switching waveforms

This section shows switching waveforms for startup and steady-state phases, as well as the protection.
3.1 Start-up

3.1.1 Power factor control

The startup phase is shown in Figure 11 and contains different operating points as well as the measured time-
to-light. Please note that time-to-light can be adjusted by compromising the standby power consumption, see

[1].

T

i
i
—Mi

l Xi= 515 500ms : = A12180ms % 412190ms
A . . [ K= 10ps e 242607 He

* TELEDYNE LECROY
Everywharoyoulook™

1= 292736ms
o= 10ps 1= 341605 Hz

o
)<1 -274320ms &%= 271 330 ms
X2= 10ps 18%= 364524 Hz

Vin: 480 VRMS Vin: 528 VRMS
, CH2: VCC voltage, CH3: LCC LSCS pin voltage, CH4: PFC diode current
Figure 11 PFC start-up phase at 100% load (56 V,, 6.25 A) at various input voltages
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3.1.2 LCC

The startup phase of the LCC shows the typical behavior with minimized hard-switching events. Those hard-
switching events can be observed in Figure 12, which cannot be fully avoided due to the nature of the resonant
topology. The phenomenon is further described in our design guide [1]. CoolMOS™ PFD7 is designed to
withstand the rigors of hard-switching events, and the integrated fast body-diode ensures reliable performance
and protection.
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l
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X2= -11.10ps 1i6K= 247 kHz

Vi 480 Viys
, CH2: half-bridge voltage, CH3: LSCS pin voltage,
Figure 12 LCC Start-up phase at 100% load (56 VDC, 6.25 A)

Engineering report 14 V1.0
2024-12-12



350 WAC/DC HV LED driver reference design based on

ICL5102HV

Infineon

Targeted for street light and horticulture applications

Switching waveforms

3.2 Steady-state

3.2.1 Power factor control
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, CH2: PFC MOSFET VDS, CH3: PFCCS pin voltage,

Figure 13
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3.2.2 LCC
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, CH2: PFC MOSFET VDS, CH3: LSCS pin voltage,
Figure 14 LCC steady-state waveforms at 100% load (56 VDC, 6.25 A)
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Figure 15 LCC steady state at 100% load (56 VDC, 6.25 A) (continued)
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3.3 Thermal evaluation

The temperature profile of the board with both devices is given below. The measurements were carried out
under the worst-case condition of 249 V AC/50 Hz input with 56 V LED at full-load (6.25 A) and an ambient
temperature of 26°C. All critical components are provided with sufficient margins and are well within the safe
operation area.
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Figure 16 Thermal screening, top-side - full load at V;, i,
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3.4

Conducted EMI

Finally, the conducted electromagnetic emissions are measured by a line-impedance stabilization network
(LISN) setup on phase L, and the results are compared to the EN 55015 standard, which applies to lighting
loads. The measurements were performed at full load (56 V,, 6.25 A) and shows sufficient margin to the limits.

The first trace is the quasi-peak measurement while the second is the average. Results are presented in
Figure 18 and Figure 19.
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Figure 18 Quasi-peak measurement according to EN55015
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Figure 19 Average measurement according to EN55015
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Tank design with LCC Design Tool

The tank design for the LCC utilizes the Infineon LCC Design Tool (V 1.0).

This tool is created for engineers to rapidly optimize their resonant tank parameters (series inductance L,
series capacitance CS, parallel resonant capacitor CP, and transformer turns-ratio nTR) with the given
input/output electrical specifications.

The specification inputs for the LCC Design Tool (see Figure 20) include various parameters related to the input
DC voltage, output voltage range, power, frequency, and the forward voltage of the output rectifier. To provide
the correct values for these inputs, here are the general guidelines for each parameter:

1.

Average bus voltage (V): This is the average voltage supplied to the converter. Typically, this value should
be based on the input-power source specifications and PFC design. The bus voltage should at least be as
high as the peak value of the input voltage. For the converter corresponding to this document, 800 V is
selected.

Maximum output voltage (V): This is the highest voltage that the converter is expected to output. Ensure
that this value matches the requirements of your load or application. For the converter corresponding to
this document, a 56 V LED load is the maximum.

Minimum output voltage (V): This is the lowest voltage that the converter should output. This value should
also be based on the requirements of your load or application. For the LED load corresponding to this
document, itissetto35V.

Maximum output power (W): This is the maximum power that the converter needs to deliver. Ensure that
this value is adequate for your load and takes losses in consideration. For instance, a value could be 365 W
for the desired output of 350 W.

Minimum output power (W): This is the minimum power that the converter needs to handle. Depending on
the application's requirements, this is set to 1 percent for the minimum output voltage.

Minimum frequency (kHz): This is the lowest switching frequency of the converter. This value can be
chosen based on the design requirements to ensure efficiency and performance. For example, you might set
this to 80 kHz.

Maximum frequency (kHz): This is the highest switching frequency of the converter. This value should be
chosen to ensure that the converter operates within safe limits while maintaining efficiency. For example,
you might set this to 380 kHz. This is up to the design engineer. Selecting a wider frequency range will lead
to an overall better resonant tank behavior in terms of (reactive) current, but higher stresses on the
semiconductor devices and passive components.

Forward voltage of the output rectifier (diode or MOSFET) at max. output power (V): This is the forward
voltage drop of the rectifying component at maximum output power. This value depends on the rectifier
used in the design. For instance, a drop of 0.5V is kept here.
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To insert the values correctly, you should:

1. Determine the specific requirements of your application (e.g., voltage and power specifications).

2. Consult the datasheets and specifications of the components you are using.
3. Ensure that the selected values fall within the safe operating range for the components and application.

LCC Design Tool v1.0

Specification input

Average bus voltage
Maximum output voltage
Minimum output voltage
Maximum output power
Minimum output power
Minimum frequency

Maximum frequency

Forward voltage of the
output rectifier (diode or
MOSFET) at max. output

power
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80
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T

Figure 20
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On the second page the LCC Design Tool displays the generated design charts (see Figure 21) based on the
inputs provided on the first page:

4. Transformer ratio: A transformer ratio must be determined using the following equation:
Vin

N =

Vout,max

Equation1l  Transformer turns ratio

Use Equation 1 to operate the LCC converter in the buck mode range. The design tool will also provide a
recommendation following the rule above. It is possible to change this value as wished by the design engineer.
In the reference design, N=76/12=6.33 is selected.

5. Display scale:
- Ranges of capacitance ratio Ac and series inductance Ls (including leakage inductance of the
transformer) must be selected.
- Discrete values of series capacitance Cs must be written as Cs steps.
- Click Get results to display the charts on the right-half of the screen.
6. Design charts:
- The top chart shows the RMS/AVG ratio for different values of the design parameter Cs, which is plotted
against the capacitance ratio Ac.

- The bottom chart titled Ls for max. frequency and min. frequency requirement displays two types of
curves. One curve represents the Ls that achieves the maximum power at the specified maximum output
voltage Vomaxpmax @Nd minimum frequency fo.comax @aNd the other curve is for zero power at the minimum
output voltage Vi and virtual maximum frequency f,.., ow- The crossing points of the two curves of the
same color represent the Ls, CS, and AC values that are able to fulfill both the maximum-power and zero-
power requirements [1].
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Figure 21

LCC Design Tool: Providing the tank design specifications

7. Selected tank parameters:
- The box in the bottom chart highlights a specific design point, chosen for its optimal performance while
meeting the design criteria. Clicking on the point in the graphs transfers the values to the window
Selected resonant tank parameters.

- Ensure that the parasitic capacitance of the transformer is considered in addition to the used Cps
capacitor. Especially for high-voltage applications, the transformer capacitance should not be neglected.

- Small changes for those values can be made here (adjustments due to real passive components), as

shown in Figure 22.

Engineering report 23

V1.0

2024-12-12



350 W AC/DC HV LED driver reference design based on
ICL5102HV

infineon

Targeted for street light and horticulture applications
Tank design with LCC Design Tool

‘(.

Infineon LCC Design Tool Disclaimer Support
Introduction Specification input Design charts Waveforms Set parameters Losses Summary Dataset Logout
LCC Design Tool v1.0 .

RMSIAVG rato
Recommended nTR s 0] RMS/AVGmax ——10nF
Mpri [ ® |o —_15nF
Nsec [ 2 Jo —2onF
Calculated nTR 6.333 @ g —— 33nF
z
@ — 47nF
Display scale E
—— 6B8nF
Min Ac (CS/Cp) |1 o
Max Ac (CS/Cp) | 80 | @
Min Ls | 2 g o RMS/AVGMIn 1
— T Sy G Sy Tog Tay Tes Ty s Cig s g Y0y g Yy iy up oy T, Yoy W0
Max L 1000 H
ax Ls | |uH @ Ac({=Cs/Cp)
Cs steps: | 10 || 158 |nF @
[ 2 |[ 3 |nF Ls for max. frequency and min. frequency requirement
| 47 || 88 |nF
— Ls.max Ls.max
. 28210 - o
Reset Get results g . 2
L BBedoty £
3 - £
E 7ot 7 “Ié
Selected resonant tank parameters F semagt, 7 i 5
5 P H
_ é 58A0% 4 # o
cs | 47 |nF @ = :
Ls [s51626| pr @ £ aesact g
— T 4 =
Ac [44904 | @ O z
— = tzsd0* 4
Cp 1.047 i 0zdot :
Ls.min Su So Q3 Top Tga Toa e, Fy fip e 2o S0, & 2 Ls.min
e 4 e T3z s T8y Ty Qg By g dog ey gy rn o oy o, oy B
cos N oo £ R I 75 U g Ty g Vg g Yoy x Tl g Y9 &
Ac.min Ac(=Cs/Cp) Ac.max
Calculated nTR 6.333 @
. . . . o oge o
Figure 22 LCC Design Tool: Fine-tuning the tank design specifications
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On the next page, Waveforms (see Figure 23), the current waveforms for different components of the LCC
converter at maximum power and output voltage are displayed. Here is an overview of each waveform
presented:

1. LCC transformer input current waveform (Top): This graph shows the input current through the
transformer over time. The waveform is ideally trapezoidal without a further rise at the maximum point, if
the design is correct.

2. Half-bridge MOSFET current waveform (Middle): This plot illustrates the current through the half-bridge
MOSFETs. The waveform helps select an appropriate MOSFET.

3. Output-switch current waveform (Bottom): This chart presents the current through the output switch,
which is a part of the output rectification. The waveform helps select an appropriate MOSFET or diode.

Overall, these waveformsiillustrated in Figure 23 provide insights into the current stress of the LCC converter’s
active and passive components for the maximum-power condition. They are crucial for analyzing the efficiency
and thermal management of the semiconductor switches. This can also help in designing the resonant tank
components (transformer and resonant choke) or semiconductor devices (MOSFETs and diodes).

Alternatively, the Losses page can be used for an approximate MOSFET/diode design process. It is important
to notice that solely conduction losses based on one given Ros(n) (for MOSFETS) or Ve and rp (for diodes) are
calculated. The temperature increase is calculated based on a given case-temperature and the thermal
resistance can deviate significantly from the actual temperatures of the chips.
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Figure 23 LCC Design Tool: Waveforms
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On the Set parameters section (Figure 24) of the LCC Design Tool, the configuration for setting operating
frequencies and corresponding resistors’ network values for the frequency control of the ICL5102HV pins BM
and RF is featured. The key areas displayed are:

1. Desired operating frequency:

- These settings are used to configure the desired range and startup conditions for the converter's
operation. The frequencies define the switching behavior of the power electronics, which in turn impact
the efficiency and performance.

- fmin and fmax: These are carried forward from the “Specification Input” to the “Set Parameters” page.

- fstartup: Additionally, a startup frequency must be selected. It is recommended to choose a startup
frequency below the maximum frequency to avoid/minimize the number of hard switchings for the
MOSFETSs during startup.

- VCE,sat: Saturation voltage of the opto-coupler. It is kept at 0.25 V for the converter corresponding to this
document.

- RBM_DA/RBM: Ratio of the resistor values Ry, ;, and Rgy. This ratio should always be greater than 3/8 to

avoid entering the burst mode of the ICL5102HV. It is kept at 3/7 (default value) for the converter
corresponding to this document.

2. Calculated frequency set resistor values:

- These calculated values represent the resistor settings required to achieve the specified operating
frequencies.

3. Selected frequency set resistor values:

- This panel shows the selected resistor values that have been input or adjusted. These resistors are a part
of the frequency control network.

4. Calculated operating frequency:

- This section displays the resulting operating frequencies based on the selected resistor values. These
frequencies are critical for ensuring the proper function and control of the LCC converter.
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This interface allows the designer to set and fine-tune the operating frequencies of the LCC converter by
adjusting the corresponding resistors.
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Figure 24 LCC Design Tool: Setting the operating frequency parameters

Attention: This LCC Design Tool 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, accuracy,
condition, or quality of the product and design. Before implementation of the design tool, the
user of this tool 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 design tool.
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Schematic of the input filter with rectifier
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Schematic of the LCC’s secondary side
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Bill of materials

6 Bill of materials
Table 5 Bill of materials
Qty | Designator | Description Manufacturer Manufacturer’s part No.
1 BR1 Diode Rectifier Bridge GBUSM/1 kV | Diotec GBU8SM
Semiconductor
C1 Capacitor 330 nF/530 V/X1 TDK B32913A5334M
C2,C5 Capacitor 220 nF/530 V/X1 TDK B32913B5224K
C3,C4,Ceo, Capacitor 2200 pF/300 V/Y1 muRata DE1E3RA222MJ4BPO1F
c7
1 C8 Capacitor 470 nF/530 V/X1 TDK B32914A5474M000
1 C9 Capacitor 2.7 nF/1 kV/MKK KEMET MMK5272J1000J02L4BUL
K
C10,C54 Capacitor 2.2 nF/50 V/X7R/10% - C-EU0805
4 Cl11,C12, Capacitor 220 nF/50 V/X7TR/10% - C-EU0805
C30,C31
11 C13, C24, Capacitor 100 nF/50 V/X7R/10% - C-EU0805
C26, C32,
C36, C45,
C46, C47,
C50, C57,
C58
2 C14,C33 Capacitor 1 uF/50 V/X7R/10% - C-EU1206
1 C15 Capacitor 10 uF/50 V/Radial/20% Wiirth Elektronik 860020672010
1 Cl6 Capacitor 4.7 uF/50 V/XTR/10% - C-EU1206
2 C17,C23 Capacitor 100 nF/50 V/X7R/10% - C-EU0603
2 C18,C25 Capacitor 100 pF/50 V/X7R/10% - C-EU0603
2 C19,C20 Capacitor 120 uF/450 V/Radial/20% | United Chemi-Con EKXL451ELL121MM35S
1 C21 Capacitor 2.2 nF/50 V/X7TR/10% - C-EU0603
1 C22 N/A - C-EU1206
1 Cc27 Capacitor 47 nF/630 V/FKP1/5% WIMA FKP1J024705H00JSC9
1 C28 Capacitor 6.8 nF/1600 V/FKP1/5% WIMA FKP1T016805F00JSSD
2 C29,C52 Capacitor 10 nF/50 V/X7TR/10% - C-EU0805
1 C34 Capacitor 2200 pF/500 V/Y1 KEMET P295BJ222M500A
1 C35 Capacitor 1 uF/50 V/X7R/10% - C-EU0805
1 C37 Capacitor 1 nF/200 V/C0G/5% - C-EU0805
1 C38 Capacitor 1 nF/200 V/C0G/5% - C-EU1206
3 C39, C40, Capacitor 2.2 uF/100 V/X7R/10% - C-EU1206
C41
2 C42,C43 Capacitor 330 puF/63 V/Radial/20% United Chemi-Con EKZN630ELL331MJ25S
1 C44 N/A - C-EU1206
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Bill of materials

Qty | Designator | Description Manufacturer Manufacturer’s part No.
1 C48 Capacitor 2.2 uF/50 V/XTR/10% - C-EU0805
1 C49 Capacitor 22 nF/50 V/XTR/10% - C-EU0805
1 C51 Capacitor 1 nF/50 V/X7R/10% - C-EU0603
1 C53 Capacitor 100 pF/50 V/X7R/10% - C-EU0805
1 C55 Capacitor 1 nF/50 V/X7R/10% - C-EU0805
1 C56 Capacitor 47 nF/50 V/XTR/10% - C-EU0805
2 D1,D2 Diode SIMB-13-F/1 kV/SMB-2 Diodes Inc. S1MB-13-F
1 D3 Diode STTH810FP/1 kV/T0220 STMicroelectronics STTH810FP
1 D4 Diode RS2M-HF/1 kV/DO-214AC-2 Comchip Technology | RS2M-HF
3 D5,D12, Diode BAS3010B/30 V/SOD-323-2 Infineon BAS3010BO3WEG327HTS
D13 Technologies Al
5 D6, D7, Diode RS1D-13-F/200 V/SMA-2 Diodes Inc. RS1D-13-F
D14, D15,
D16
2 D8, D17 Diode BZX84C16LT1G/16 V/SOT23-3 | Onsemi BZX84C16LT1G
2 D9, D18 Diode 1N4149TR/100 V/DO-35 Onsemi IN4149TR
2 D10,D11 Diode STTH1R06A/600 V/SMA STMicroelectronics STTH1R06A
2 D19, D20 Diode SS16-E3_5AT/60 V/DO-214AC | Vishay SS16-E3_5AT
1 D21 Diode BZT52H-A10/10 V/SOD-123F- | Nexperia BZT52H-A10-QX
2
2 D22,D23 Diode 1N4148W-TP/100 V/SOD-123 MCC 1IN4148W-TP
1 F1 Fuse SF-3812TM200T-2/600 VAC/2A | Bourns SF-3812TM200T-2
1 HS1 Heatsink HSE-B20380-040H-01 CUl Devices HSE-B20380-040H-01
1 HS2 Heatsink FK 264 M1 220 O Fischer Elektronik HSS-B20-CP-01PFC3
2 HS3, HS4 Heatsink HSS-B20-CP-01 CUI Devices HSS-B20-CP-01
1 IC1 ICL5102HV/DSO-16 Infineon ICL5102HVXUMA1
Technologies
1 1C2 IR1168STRPBF/SOIC-8 Infineon IR1168SPBF
Technologies
1 IC3 INA241A3/SOT-23 Texas Instruments INA241A3QDDFRQ1
1 IC4 VO617A-2X017T/SMD-4 Vishay VOG617A-2X017T
1 IC5 LM358BAIDR/SOIC-8 Texas Instruments LM358BAIDR
1 IC6 TL431ACDBZRG4 Texas Instruments TL431ACDBZRG4
1 J1 JUMPERWIREDIODE - JUMPERWIREDIODE
1 J2 JUMPERWIRE2 - JUMPERWIRE2
1 J3 JUMPERWIREGND1 - JUMPERWIREGND1
1 J4 JUMPERWIREWWR1W - JUMPERWIREWWR1W
2 L1, L2 Inductor 1000 V/11.8 mH/5 A KEMET SCR29XV-050-1R0A044JV
1 L3 Inductor E32/589 pH Wiirth Elektronik 750371813r00
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Bill of materials

Qty | Designator | Description Manufacturer Manufacturer’s part No.
1 L4 Inductor E25/490 pH Wiirth Elektronik 750371812r01
1 L5 Ferrite Bead 7 A/5m Wiirth Elektronik 78279224101
1 L5A Ferrite Bead 7 A/20m Wiirth Elektronik 7427620
1 L6 Inductor 4.7 uH/6.5A/12.5m Wiirth Elektronik 744750230047
1 NTC1 NTC 10 k/3430 K/5% - NTC-0805
3 Q1,Qs, Transistor MMBT3904-TP/SOT-23-3 | MCC MMBT3904-TP
Q11
3 Q2,0Q4,Q7 | Transistor PBSS4021PT/SOT-23-3 Nexperia PBSS4021PT,215
Q3 Transistor IPA95R450PFD7/TO- Infineon IPA95R450PFD7XKSAL
220FP-3 Technologies
2 Q5,Q6 Transistor IPA95R310PFD7/TO- Infineon IPA95SR310PFD7XKSAL
220FP-3 Technologies
2 Q9, Q10 Transistor BSCO74N15NS5/TSON-8- | Infineon BSCO74N15NS5ATMAL
3 Technologies
3 R1,R2,R3 Resistor SMEG6/1% - R-EU_1206
R4 Resistor IMEG5/1% - R-EU_1206
9 R5, R6,R12, | Resistor OR/1% - R-EU_1206
R35, R38,
R51, R69,
R86, R100
R7,R76 Resistor 120k/1% - R-EU_0805
R8, R9, R10, | Resistor 200k/1% - R-EU_1206
R11
3 R13,R55, | Resistor 3R3/1% - R-EU_1206
R59
4 R14, R56, Resistor 10k/1% - R-EU_1206
R80, R82A
6 R15, R62, Resistor 10R/1% - R-EU_0805
R63, R66,
R70,RT1
R16 Resistor 4R7/1% - R-EU_1206
3 R17,R92, Resistor 47k/1% - R-EU_0805
R93
R18 Resistor 1R0/1% - R-EU_1206
3 R19, R20, Resistor OR91/1% - R-EU_1206
R21
R22 Resistor 100R/1% - R-EU_1206
6 R23, R24, Resistor 470k/1% - R-EU_1206
R25, R26,
R27,R28
1 R29 Resistor 820k/1% - R-EU_1206
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Qty | Designator | Description Manufacturer Manufacturer’s part No.
4 R30, R31, Resistor 750k/1% - R-EU_1206
R32,R33
1 R34 Resistor 12k/1% - R-EU_0805
R36 Resistor 39k/1% - R-EU_1206
3 R37, R98, Resistor N/A/1% - R-EU_1206
R99
1 R39 Resistor 12R/1% - R-EU_1206
R40, R44 Resistor 51R/1% - R-EU_1206
R41, R45, Resistor 10R/1% - R-EU_1206
R67
2 R42, R46 Resistor 47k/1% - R-EU_1206
1 R43 Resistor 1R/1% - R-EU_1206
2 R47, R49 Resistor 1R5/1% - R-EU_1206
1 R48 Resistor 1R2/1% - R-EU_1206
1 R50 Resistor 1k0/1% - R-EU_1206
1 R52 Resistor 300k/1% - R-EU_0805
1 R53 Resistor 30k/1% - R-EU_0805
1 R54 Resistor 160k/1% - R-EU_0805
1 R57 Resistor 4k3/1% - R-EU_1206
1 R58 Resistor N/A/1% - R-EU_0805
2 R60, R64 Resistor 1R2/1% - R-EU_1206
2 R61, R65 Resistor 10k/1% - R-EU_0805
1 R68 Resistor 6m/1% - R-EU_2512
1 R72 Resistor 2k7/1% - R-EU_0805
1 R73 Resistor 1R0/1% - R-EU_1206
3 R74, R84, Resistor 4k7/1% - R-EU_0805
R91
1 R75 Resistor 120k/1% - R-EU_1206
1 R77 Resistor 5k6/1% - R-EU_0805
1 R78 Resistor 20k/1% - R-EU_0805
1 R79 Resistor 16k/1% - R-EU_1206
1 R79A Resistor 24k/1% - R-EU_1206
1 R80A Resistor 7k5/1% - R-EU_1206
1 R81 Resistor 200R/1% - R-EU_0805
1 R81A Resistor 2k7/1% - R-EU_1206
1 R82 Resistor 8k2/1% - R-EU_0805
1 R83 Resistor 2k4/1% - R-EU_0805
1 R85 Resistor 82k/1% - R-EU_0805
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Qty | Designator | Description Manufacturer Manufacturer’s part No.
1 R87 Resistor 1M/1% - R-EU_0805
1 R88 Resistor 7k5/1% - R-EU_0805
1 R89 Resistor 300R/1% - R-EU_0805
1 R90 Resistor 6k2/1% - R-EU_0805
2 R94, R95 Resistor 56k/1% - R-EU_0805
1 R96 Resistor 1k1/1% - R-EU_1206
1 R97 Resistor 9k1/1% - R-EU_0805
1 RV1 Varistor 745 V/Radial TDK B72210S2551K101
1 TR1 Transformer ETD34 (71+5:3:12:12:2) | Wiirth Elektronik 750371814r01
1 X1 Connector 250-603/1 kV/THT WAGO 250-603
2 X2, X3 Connector 250-202/630 V/THT WAGO 250-202
6 10V, GND, PCB Test Point/black Keystone Electronics | 5001_BLACK
GND_1,
S_GND,
VCC,VOUT
2 BO,DC_IN | PCB Test Point/orange Keystone Electronics | 5003_ORANGE
Q5SOURCE | PCB Test Point/yellow Keystone Electronics | 5004_YELLOW
6 BM, BO1, Testpad/1.27 mm - -
OPT_C,
OVP,
PFCVS, RF
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Figure 33

V1.0

2024-12-12

41

Engineering report



o _.
350 WAC/DC HV LED driver reference design based on < In f| neon
ICL5102HV

Targeted for street light and horticulture applications
References

References

[1] Infineon Technologies AG: Design of efficient LCC based on ICL5102/HV combo controller IC (1.0); Available
online

Engineering report 42 V1.0
2024-12-12


https://www.infineon.com/dgdl/Infineon-Design_guide_Lighting_ICs_ACDC_LED_Driver_ICL5102_ICL5102HV-ApplicationNotes-v01_00-EN.pdf?fileId=8ac78c8c7bb971ed017c02ef443d6b78
https://www.infineon.com/dgdl/Infineon-Design_guide_Lighting_ICs_ACDC_LED_Driver_ICL5102_ICL5102HV-ApplicationNotes-v01_00-EN.pdf?fileId=8ac78c8c7bb971ed017c02ef443d6b78

o _.
350 WAC/DC HV LED driver reference design based on < In f| neon
ICL5102HV

Targeted for street light and horticulture applications
Revision history

Revision history

Document Date Description of changes

revision

V1.0 2024-12-12 Initial version

Engineering report 43 V1.0

2024-12-12



Trademarks

All referenced product or service names and trademarks are the property of their respective owners.

Edition 2024-12-12
Published by

Infineon Technologies AG
81726 Munich, Germany

© 2024 Infineon Technologies AG.
All Rights Reserved.

Do you have a question about this
document?

Email:

erratum@infineon.com

Document reference
ER105113

Important notice

The information given in this document shall in no
event be regarded as a guarantee of conditions or
characteristics (“Beschaffenheitsgarantie”).

With respect to any examples, hints or any typical
values stated herein and/or any information
regarding the application of the product, 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.

In addition, any information given in this document
is subject to customer’s compliance with its
obligations stated in this document and any
applicable legal requirements, norms and standards
concerning customer’s products and any use of the
product of Infineon Technologies in customer’s
applications.

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.

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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