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80 W offline LED driver with PFC

1 Introduction

The use of high power LEDs in lighting applications is becoming increasingly popular due to
rapid improvements in lighting efficiency, longer life, higher reliability and overall cost
effectiveness. Dimming functions are more easily implemented in LEDs, and they are more
robust and offer wider design flexibility compared to other light sources.

For this reason a demonstration board for driving high brightness and power LEDs has been
developed. The STEVAL-ILLO13V1 demonstration board is an 80 W offline dimmable LED
driver with high power factor (PF) intended for fixed number of LEDs, the overall design of
which is described in detail in this user manual.

The LED current can be set to 350 mA, 700 mA and 1000 mA, using jumpers. Additionally,
a dimming function using a PWM (pulse width modulation) signal is implemented as well,
allowing the user to set the LED brightness from 0% up to 100%. The demonstration board
can be ordered using order code STEVAL-ILLO13V1, and is shown in Figure 1.

STEVAL-ILL0O13V1 main features

80 W LED driver

350 mA, 700 mA and 1 A LED current settings

High efficiency (~90%)

Wide input voltage range: 88 to 265 VAC

High power factor: 0.99 for 110 VAC and 0.98 for 230 VAC
Universal PWM input for dimming (external board required)
Non-isolated SMPS

Brightness regulation between 0% and 100%

EMI filter implemented

EN55015 and EN61000-3-2 compliant

Figure 1. STEVAL-ILL013V1 demonstration board
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Getting started

This section is intended to help designers begin evaluating the board quickly, describing
how the board should be connected with the load and how the jumpers adjust the output
LED current.

As mentioned in the introduction, the board has a nominal output power of 80 W and the
output LED current can be set to 350 mA, 700 mA or 1 A. The LEDs are connected to one
string. Basically, this means if the LED current is set to 350 mA, then the LED voltage should
be approximately 228 V in order to provide output power of 80 W. If the LED current is set to
700 mA, then the LED voltage should be around 114 V. Finally, if the LED current is set

to 1 A, then the LED voltage should be about 80 V. Assuming that a high brightness LED
has (typically) a 3.5 V forward voltage drop, the number of LEDs for the 350 mA output
current is 65, for the 700 mA output current it is 32 and for the output current of 1 A it is 23
(see Table 1). Of course, designers must recalculate the number of LEDs in cases where
the LED has a forward voltage drop other than 3.5 V. If the output LED voltage is different
than that given in Table 1, output LED current precision will be influenced so is
recommended that the total forward voltage drop across all the LEDs is as close as possible
to the calculated output voltages shown in Table 1.

Connect the LED string to the board using connector J2 or J3, being careful to observe the
correct LED polarity (anode + and cathode —). Set the output LED current to 350 mA, 700
mA or 1 A, based on how many LEDs are connected to the output. The output LED current
is set using jumpers JP1, JP2, JP3 and JP4, in accordance with the connection settings
specified in Table 2. It is not necessary to connect a dimming module with a PWM signal,
because if the module is not used the LED brightness is set to maximum level (100%
brightness). Finally, connect an input voltage to the demonstration board between 88 VAC
and 265 VAC, and the LEDs begin illuminating.

The LEDs cannot be connected during operation, when the input voltage is connected to the
demonstration board. This is because in this case the oulput capacitor C208 = 0.47 uF is
charged to 400 V and can cause uncontrolled peak LED current.

Table 1. LED values for different output currents
Output LED current [mA] Output LED voltage [V] Numgi:;g:i?j;%’:;vward
350 228 65
700 114 32
1000 80 23
Table 2. Output LED current adjustment on the demonstration board
Jumper 350 mA 700 mA 1000 mA
JP1 Not connected Connected Not connected
JP2 Not connected Connected Not connected
JP3 Not connected Not connected Connected
JP4 Not connected Not connected Connected
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Design concept

The STEVAL-ILLO13V1 block schematic is illustrated in Figure 2. As shown, the design is
divided into two main topologies. The first is a high PF (power factor) boost converter, and
the second is a modified buck converter. As an additional board, any external PWM
generator can be used for LED brightness regulation. If no PWM generator is connected to
the STEVAL-ILLO13V1, the LED brightness is pre-adjusted to 100%.

There are two main reasons the high PF boost converter is designed on the STEVAL-
ILLO13V1 demonstration board. The first is the requirement for lighting equipment with an
input active power higher than 25 W to comply with standard EN61000-3-2 (harmonic
current distortion). Thanks to the high PF converter, compliance to the standard is achieved
with no difficulty. The second reason is that a high input voltage (in this case 400 V) is
needed for the modified buck converter, because it is, in fact, a buck converter and thus the
input voltage must be higher than the output voltage. The output LED voltage can be up to
228V, as was shown in Table 1. An additional advantage of the high PF converter is its wide
input voltage range. This allows the demonstration board to be used either in either the
European or US markets. A more detailed description of the high PF boost converter is
provided in the EVL6562A-TM-80W data brief (see Section 11: References and related
materials: 1).

The second converter is designed as a constant current source, as it ensures the best
lighting performance from the LEDs. Concerning the topology, the “modified buck” has been
chosen, “modified” insofar as the power switch is connected to ground (instead of the high-
side switch, as in a standard buck topology) and therefore it is easier to control the switch.
The design uses a FOT (fixed off-time) network, operating in CCM (continuous conduction
mode) and thanks to this principle the overall solution is very simple and cost effective. All
equations needed for proper modified buck converter design are described in application
note AN2928 (see Section 11: References and related materials: 2).

Figure 2. STEVAL-ILL013V1 block schematic
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Figure Zillustrates a high PF boost converter design concept. Two additional features are
implemented in the application and these improvements are shown in the blue segments.
The first improves circuit behavior during startup (see Section 10.1 for a description) and the
second allows the dimming of the LED down to 0%, or no LED brightness (description
provided in Section 10.2).

Figure 4 shows the design concept of a modified buck converter with a dimming function.
The output LED current is adjusted by setting the proper sense resistor size via the jumpers
(to adjust maximum LED current), together with the proper setting of the capacitor used in
the FOT network (adjust minimum LED current). The external PWM generator provides

a PWM signal between 0 and 100% for brightness regulation. This signal is connected
through a diode to the current sense pin and allows control of LED brightness.

Figure 3. High PF boost converter desigh concept
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Figure 4. Modified buck converter with dimming designh concept
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STEVAL-ILL0O13V1 technical details

80 W LED driver

350 mA, 700 mA and 1 A LED current settings

PF = 0.99 with V;y = 110 V or PF = 0.98 with V| =230 V

THD (total harmonic distortion) = 4.6 and V;y =110V or THD = 10.3 and V,y =230 V
High PFC boost converter operating in transition mode

Modified buck converter working in CCM and using FOT network
Switching frequency f = 125 kHz / 350 mA (modified buck converter)
Switching frequency f = 69 kHz / 700 mA (modified buck converter)
Switching frequency f = 55 kHz / 1000 mA (modified buck converter)
The same inductor and transformer core used (E25)

Supply voltage provided for external PWM generator

Board size: 130 mm x 60 mm x 27 mm

Optional external PWM generator (non isolated)

Full brightness if PWM generator is not connected

Two output connectors for LEDs

High efficiency (~90%)

Wide input voltage range: 88 V to 265 VAC

Brightness regulation between 0% and 100%

EMI filter implemented

EN55015 and EN61000-3-2 tested

Figure 5. STEVAL-ILLO13V1 with PWM module
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High PFC boost converter with the L6562A

Figure 6.

2000V

A8 IGE UL T O
lcld Ocld viid €hid clid

i

| 9%
(O mv: AY0L OV A 0S2/ LA/ 4uL
8zly : : A8L|EdLD > 5l I
v 9li0LalyL = mmrwﬂ o I
cexng . HuISIERH | SO aNo drjee 01O
Neow_ A OSh / - @ LNk ORLO 4u
oy ogel] dNLy o A ANI - 997 0ce
EHD 0r0 DL Eyzasen
oM 02 _av_ oce ——| LOkN
i ee
ey _ OW | znd y ojl LIS & Lyg OW L
6LiY Juosi M 2z1h NOEN 201y
SO =iy
1 0[] 0gE O 1 —| .|_/>>L
oziall eziy ghi S T5a T huz 1 =11 -
90THHLLS T 60+H| 601D ._.
L ¢ o ol/ 8 601 5 11 _u: 2l 4u0zgz
/ Oy
A 00 eola 80IH 801D €ord €010 4L
V L/ HW 22 XZ2OND
>w_, ww €0 X | suiny || :Arepuodag ON L
W €°0 X g Suin} G0} :Arewd LoLY

/9N ‘deb ww g}
LXgLxsz3

10/43

Doc ID 15327 Rev 2




UMO0670

Schematic diagram

Modified buck converter with the L6562A

Figure 7.
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6 Bill of material
Table 3.  STEVAL-ILLO13V1 demonstration board bill of material (")
I |Q| Reference Part Note Manufacturer Order code
1 |1 |J1 Socket Input socket
2 |1 |F1 Fuse 25A/250V
3 (1 |F1 Fuse socket Socket
4 |1 |NTC 10 Q NTC thermistor EPCOS B57235S100M
5 |1 |TR1 2x22mH/1A Common mode choke EPCOS B82732R2102B030
6 |1 |BR1 1A/250V Diode bridge
7 |1 |c101 1nF/250 VAC  |Y1 capacitor '\C"C‘)”alff dMa”“faCt”“”g DE1E3KX102MA5B
8 |1 |C102 470 nF /265 VAC | X2 capacitor EPCOS B32922C3474K
9 (2 |C103,C104 |220 nF /265 VAC |X2 capacitor EPCOS B32922C3224M
10 |1 |C105 10nF/63V SMD capacitor 1206
11 |2 |{C106, C202 |100 nF /63 V SMD capacitor 1206
12 |1 |C107 10uF/35V Electrolytic capacitor
13|2 |C108, C109 |12nF/63V SMD capacitor 1206
1411 |C110 33puF/35V Electrolytic capacitor
151 [C111 2200 nF /25 v X7R |SMD 1206 ceramic AVX 12063C225KAT2A
capacitor
16 |1 |C112 150 nF /50 V SMD capacitor 1206
17 |1 |C113 47 yF /450 V Electrolytic capacitor EPCOS B43501A5476M000
18 |1 (D101 18V/05W Zener diode
D102, D104, .
19 |4 D201, D204 1N4148 SMD diode
STMicroelectronics
201 |D103 STTH1LOBU SMB package ' ' STTH1LO6U
21|2 |U101, U201 |[L6562A PFC controller STMicroelectronics L6562AD
R101, R102 .
22 |4 R103. R104 1 MQ SMD resistors 1206
23 |1 |R105 15 kQ SMD resistors 1206
24 |2 |R106, R107 |270 kQ SMD resistors 1206
25|2 |R108, R109 (47 Q SMD resistors 1206
R110, R116, .
26 |3 R208 47 kQ SMD resistors 1206
2712 |R111, R122 [0 Q SMD resistors 1206
28 |3 R112, R113, 1Q/1% SMD resistors 1206
R114
29 |2 |R115, R201 (33 Q SMD resistors 1206
IYI Doc ID 15327 Rev 2 12/43




Bill of material UMO0670
Table 3. STEVAL-ILL013V1 demonstration board bill of material (continued)m
| |{Q| Reference Part Note Manufacturer Order code
30|1 |R117 22 kQ SMD resistors 1206
31|2 |R118, R119 (1 MQ/ 1% Axial resistor 0.6 W /1%
32|1 |R120 15kQ/ 1% SMD resistors 1206
331 |R121 82 kQ/ 1% SMD resistors 1206
343 R123, R124 330 kQ SMD resistors 1206
R125
35|2 |R126, R127 |20 kQ Axial resistor 0.6 W
36 |1 |R128 43 kQ SMD resistor 1206
E25/13/7 1.5 mm gap , N67
37 |1 |T101 Transformer Primary: 105 turns 2 x 0.3
Secondary: 11 turns 1 x 0.3
381 |Q101 STP8NM50 Power MOSFET STMicroelectronics STP8NM50FP
39|1 |Q102 BUX87 Bipolar transistor STMicroelectronics BUX87
40 |2 |Heat sink Heat sink for MOSFETSs
41|2 |R202, R207 |1kQ SMD resistors 1206
42 |2 |R203, R209 {3900 Q SMD resistors 1206
43 |1 |R204 1.5Q/06W Axial resistor
4411 |R205 27Q/06W Axial resistor
45 |1 |R206 22Q/06W Axial resistor
46 |1 |C201 22 yF/ 35V Electrolytic cap
47 |1 |C203 220 pF /63 V SMD capacitor 1206
48 |1 |C204 390 pF/63V SMD capacitor 1206
49 |1 |C205 820 pF /63 V SMD capacitor 1206
50|1 |C206 1.5nF/63V SMD capacitor 1206
51|1 |C207 330 pF/63V SMD capacitor 1206
521 |C208 0.47 yF /450 V Electrolytic capacitor EPCOS B43827A5474M000
53 (1 |D202 STPSC806D Silicon carbide diode STMicroelectronics STPSC806D
54 |1 |D203 STTH1LO6A SMA package STMicroelectronics STTH1LO6A
55 |4 jE; jﬁi Jumper Two pin connector
56 |2 |JPJ1,JPJ2 |Jumper Jumpers
5711 |J2 Socket Output socket
5811 |J3 Socket Output socket
5911 |J4 Socket PWM socket
60 |1 |Q201 STFONM50N Power MOSFET STMicroelectronics STFONM50N
aliheor fiemn [Tz

1.

13/43

The power MOSFET STFONMS5O0N can be replaced by STF10NM60N.
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Note:

Figure 8.

STEVAL-ILLO13V1 performance

Figure 8 shows the efficiency of the STEVAL-ILLO13V1 (measured also with an external
PWM generator) for the output LED current 350 mA, 700 mA and 1 A, over the entire input
voltage range.

Measured efficiency for the input voltage of 230 V was above 90% (90.49% for the 350 mA
output LED current, 90.53% for the 700 mA output LED current, and 90.3% for the 1 A
output LED current)

Efficiency for the input voltage of 110 V was above 87% (88.05% for the 350 mA output LED
current, 88.2% for the 700 mA output LED current and 87.37% for the output LED current of
1A).

Measured PF for the output LED current of 350 mA, 700 mA and 1 A is shown in Figure 9
and Figure 10. PF for the input voltage of 110 VAC is 0.99, and 0.98 for the input voltage of
230 VAC.

THD is demonstrated in Figure 11, and as it can be observed is below 12% over the whole
input voltage range.

LE UW E3B OSTAR® LEDs from OSRAM were used as the load (see Section 11:
References and related materials: 6.).

Efficiency over the whole input voltage range
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Figure 9. Power factor for wide input voltage range
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Figure 10. Detailed power factor for wide input voltage range
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Figure 11. Total harmonic distortion for wide input voltage range
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Dimming function

LEDs as a light source are very often used in applications where the brightness regulation is
required. Their biggest advantage is that their minimum brightness can be easily regulated
by changing their current, and they are stable even at very low brightness. Generally, there
are two basic concepts regarding how the brightness is regulated. The first is called “analog
dimming”, which means that the brightness is regulated by changing the continuous forward
LED current. This concept is not used on the STEVAL-ILLO13V1. The second solution is to
use a low frequency (~200 Hz) PWM signal and change the brightness by pulse width
modulation. This is the approach used in the design of the STEVAL-ILLO13V1. Any external
PWM generator can be used for brightness regulation, but it should be taken into account
that the STEVAL-ILLO13V1 is not isolated.

In order to demonstrate the dimming function on the STEVAL-ILLO13V1, an external PWM
generator using STMicroelectronics’ ST7LITEUO5 microcontroller was connected to the
board, and the output LED current was measured. The microcontroller generates a PWM
signal with a frequency of 250 Hz. The duty cycle is set by a potentiometer from 0% up to
100%.The result with duty cycles of 50%, 10% and 2% is shown in Figure 12. The input
voltage was, in this case, 230 VAC and the output LED current was set to 350 mA. It is also
possible to achieve LED brightness regulation below 2%. In this case the nominal LED
current is slightly decreased.
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Dimming function

Figure 12. Output LED current dimming capability
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9 Measurement

9.1 Output waveform measurement

Figure 13 shows the output LED current waveform. The LED current was set to 350 mA and,
as shown, the current ripple is 92 mA and the switching frequency for the modified buck
converter is 125 kHz. The input voltage was 230 VAC and 12 LEDs were used as the load
(OSTAR LED LE UW EB3B; see Section 11: References and related materials 6).

The output LED current slightly varies with the output voltage, as explained in detail in
application note AN2928, (Section 11: References and related materials 2) and therefore
this design is optimal for a fixed number of LEDs. The output LED current accuracy for
different LED voltages is demonstrated in Figure 14.

Figure 13. Output LED current waveform (I_gp = 350 mA)

LED current - Vy = 230 V, 12 LEDs used, dimming 100%

LED (_:_urrent

ILED =350 mA
Frequency 125 kHz
VLED peak-to-peak 92 mA

B 18 ps 108 mA
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Figure 14. Output LED current for different LED voltages (I_gp = 350 mA)

VLED Vs. ILgp for nominal LED current 350 mA
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Figure 15 shows the output LED current waveform for the LED current of 700 mA. The
current ripple is, in this case, 333 mA and the switching frequency for the modified buck
converter is 69 kHz. The input voltage was 230 AC and 6 LEDs were used as the load
(OSTAR LED LE UW E3B see Section 11: References and related materials: 6). The output
LED current accuracy for the different LED voltages is shown in Figure 16.

Figure 15. Output LED current waveforms (I, gp = 700 mA)

LED current - V| = 230V, 6 LEDs used, dimming 100%
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Figure 16. Output LED current for different LED voltage (I gp = 700 mA)

VLED Vs. ILgp for nominal LED current 700 mA
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Figure 17 shows the output LED current waveform for the output LED current of 1000 mA.
The current ripple is 433 mA and the switching frequency for the modified buck converter is
55 kHz. The input voltage was 230 VAC and 4 LEDs were used as the load (OSTAR LED LE
UW ES3B see Section 11: References and related materials: 6). The output LED current
accuracy for the different LED voltages is shown in Figure 18.

Figure 17. Output LED current waveform (I gp = 1000 mA)

LED current - Vi = 230 V, 4 LEDs used, dimming 100%
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Figure 18. Output LED current for different LED voltage (I_gp = 1000 mA)

VLED Vs. ILgp for nominal LED current 1 A
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9.2 Power MOSFET turn ON and OFF time

The power MOSFET turn ON and OFF time is shown in Figure 19. Turn ON time is
approximately 50 ns and turn OFF time is approximately 120 ns (OFF time is used in
Equation 13in the appendix).

Figure 19. Power MOSFET turn ON and OFF measurement

T T T T T T T T T T T T
Power MOSFET turn ON losses Power MOSFET turn OFF losses
MOSFET drain-source Voltage,i/\ jMOSFET drain-source voltage
~ N
/& { MDA AR Ran s Sooy c
1 MOSFET drain current MOSFET drain current /—mi\ ‘1
/ ] \ \\ 3
e A
fj 1 e AN
1 i L AN

3 58 ns 18O VW B 56 ns 280 mA 3 ps 108 Y B .1ps 208 mA

9.3 LED current ripple reduction

The output LED current ripple can be reduced by increasing the output capacitor size. For
example, inductor current ripple is 400 mA for the 100 nF / 450 V output capacitor, as shown
in Figure 20. Thanks to the larger 470 nF capacitor used on the STEVAL-ILL0O13V1, the
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output current ripple is reduced to 92 mA (see Figure 13). However, there are some
limitations for the capacitors used in dimmable applications, as capacitors that are too large
cause a decrease in dimming resolution (minimum duty cycle is limited). The 470 nF
capacitor used on the STEVAL-ILLO13V1 is a good compromise between lower output
current ripple and good dimming resolution, as illustrated in Figure 12.

Figure 20. LED current ripple for the 100 nF output capacitor
VIN =400 V, V| ED =230 V, ILED_AVR =343 mA,
output capacitor 100 nF/ 450V, ILED RIPPLE =400 mA,
iy \ Indmbrcunent/ﬁi\ ’ﬁy \
/ LED current i f‘
0 Z 0\ | Y - T\ T RV R A\Y
/ | | | | I\\I I/;f-yl | i | | | | /yp‘-‘ | | | | I\\
\ S\
4 ____Selllnse resistor voltage | _y_ I R T
= I| | ———
3 L
3 448 wh I 2281 Y 2 440 mA
9.4 Standard EN61000-3-2 measurement
Figure 21. EN61000-3-2 analysis for LED current of 350 mA and V| from 85 V to 160 VAC
EN61000-3-2 analysis for LED current 350 mA at 12 LEDs V| from 85V to 160 V AC
1200
1000 -
Current I i O Real
[mA] 6007 = | Limits
400+
4 PP B PP PP P
o —-I-l,-l,--l-l,-,-
13579 13579 13579 13579 13579 13579
85V 100 V 110V 120V 140V 160 V
AMO00406
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Figure 22. EN61000-3-2 analysis for LED current of 350 mA and V| from 180 V to 265 VAC

EN61000-3-2 analysis for LED current 350 mA at 12 LEDs V) from 180 V to 265 V AC
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Figure 23. EN61000-3-2 analysis for LED current of 700 mA and V| from 85 V to 160 VAC

EN61000-3-2 analysis for LED current 700 mA at 6 LEDs V| from 85V to 160 V AC
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Figure 24. EN61000-3-2 analysis for LED current of 700 mA and V, from 180 V to 265 VAC

EN61000-3-2 analysis for LED current 700 mA at 6 LEDs V| from 180 V to 265 V AC
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Figure 25. EN61000-3-2 analysis for LED current of 1000 mA and V,y from 85 V to 160 VAC

EN61000-3-2 analysis for LED current 1 A at 4 LEDs V) from 85V to 160 V AC
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10001 =
Current _ O Real
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Figure 26. EN61000-3-2 analysis for LED current of 1000 mA and V,y from 180 V to 265 VAC
EN61000-3-2 analysis for LED current 1 A at 4 LEDs V,; from 180 V to 265 V AC
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9.5 EMI measurement (EN55015)

Figure 27. Average limit measurement from 150 kHz to 30 MHz (I gp = 350 mA)
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Figure 28. Quasi-peak limit measurement from 9 kHz to 150 kHz (I_gp = 350 mA)

Agilent

Mkrl 183.368 kHz

Ref 126 dBpY Atten 25 dB 54.14 dBpY
EmiQP
Log
18
dB/ DC Coupled
Heas tncal|
—

W1 $2 e S

$3 FC Mo Rt
AA

Start 9 kHz Stop 158 kHz

Res BW 266 Hz VBH 308 Hz Sweep 4 ks (2121 pts)

| |

I7[ Doc ID 15327 Rev 2 26/43




Measurement UMO0670

Figure 29. Quasi-peak limit measurement from 150 kHz to 30 MHz (I, gp = 350 mA)
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Figure 30. Average limit measurement from 150 kHz to 30 MHz (I gp = 700 mA)
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Figure 31. Quasi-peak limit measurement from 9 kHz to 150 kHz (I_gp = 700 mA)
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Figure 32. Quasi-peak limit measurement from 150 kHz to 30 MHz (I, gp = 700 mA)
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Figure 33. Average limit measurement from 150 kHz to 30 MHz (I gp = 1000 mA)
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Figure 34. Quasi-peak limit measurement from 9 kHz to 150 kHz (I_gp = 1000 mA)
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Figure 35. Quasi-peak limit measurement from 150 kHz to 30 MHz (I, g.p = 1000 mA)
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Figure 36. Average limit measurement from 150 kHz to 30 MHz (I gp = 0 mA)
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Figure 37. Quasi-peak limit measurement from 9 kHz to 150 kHz (I_gp = 0 mA)
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Figure 38. Quasi-peak limit measurement from 150 kHz to 30 MHz (I, gp = 0 mA)
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10 Design features
10.1 Proper startup circuit design

High PF boost converter design is described in the EVL6562A-TM-80W (Section 11:
References and related materials: 1.) and this type of design typically includes a single
electrolytic capacitor on the V¢ pin of the L6562A to ensure proper startup. The situation
for the STEVAL-ILLO13V1 is different, as this input capacitor also supplies the second
L6562A driver, used for controlling the modified buck converter, and also provides a supply
voltage for the PWM generator. Generally, this means that there is always some additional
current discharging the input capacitor during startup, and therefore the high PF boost
converter does not start properly if the low input AC voltage is applied to the board. This is
due to there being insufficient energy in the input capacitor to guarantee proper startup. The
waweforms which illustrate this situation are given in Figure 41 (circuit without capacitor
C110 and diode D104). As soon as the input voltage reaches the turn ON threshold, the
L6562A starts operating and the input voltage on the V¢ pin is decreased. As soon as it
reaches the turn OFF threshold, the capacitor is charged again and the L6562A stops
operating. This behavior is repeated and so after a short period the output voltage should
reach 400 V. However, this is not possible due to low energy in the input capacitor on the
Ve pin. This problem is solved by adding capacitor C110 and diode D104 to the original
schematic, as shown in Figure 39. Thanks to this configuration the input capacitor C107 on
the V¢ pin is not discharged because it is supplying the PWM generator and second
converter. Capacitor C110 is used to provide supply voltage to the PWM generator and the
second converter. Capacitor C110 is charged via a capacitive supply source connected to
the ZCD when the L6562A operates. The voltage on capacitor C110 is added to the voltage
on capacitor C107 through diode D104, and as soon as the voltage on capacitor C110 also
reaches the turn ON threshold, the L6562A starts operating continuously and the output
voltage reaches 400 V, as shown in Figure 40.

Figure 39. Proper startup circuit design

{ v ZCD COMP INV
cC
D104 L6562A GD
MULT
s _GND cs
C107 c110
T—/
—— AMO00412
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Figure 40. Proper startup using diode D104 and capacitor C110
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Figure 41. Improper startup without using diode D104 and capacitor C110
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Zero dimming design

implementation

During zero dimming (duty cycle is 0%) the high PF boost converter is in burst mode
because there is zero load. During this mode, capacitors C107 and C110 are charged only
in short pulses (C107 is also slightly charged via resistor from the input voltage, but it is not
enough) and therefore do not have enough energy to also supply the PWM generator and
the second L6562A controller used for the modified buck converter. The circuit shown in
Figure 42 allows brightness changes down to 0% without any problem, because if the
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voltage on the emitter of Q102 is below the limit established by voltage divider R125

and R128 (upper limit set to 16.6 V) the transistor is opened and charges C110 and C107.
Therefore, it is possible to change the brightness between 0% and 100% on the STEVAL-
ILLO13V1. The real measurement is shown in Figure 43, and it is evident that the supply
voltage on capacitor C110 is not below 12.5 V during no brightness.

Figure 42. Design improvement allowing zero dimming
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Figure 43. Voltage on capacitor C110 and output bus voltage of 400 V
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References and related materials

1. STMicroelectronics, EVL6562A-TM-80W, 80 W high performance transition mode PFC
evaluation board, data brief; see www.st.com

2. STMicroelectronics, AN2928, Modified buck converter for LED applications, application
note; see www.st.com

3. STMicroelectronics, STFOINM50ON, N-channel second generation MDmesh™ power
MOSFET, datasheet; see www.st.com

4. STMicroelectronics, STPSC806D, 600 V power Schottky silicon carbide diode,
datasheet; see www.st.com

5. EPCOS, B66317, Ferrites and accessories E25/13/7 (EF25) core and accessories,
datasheet; see www.epcos.com

6. OSRAM, LE UW E3B, OSTAR Lighting with optics, datasheet; see www.osram-os.com.
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Appendix A Design calculation
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The aim of this section is to demonstrate how the components for the modified buck
converter are calculated. Design calculation follows precisely the equations used in
application note AN2928 (Section 11: References and related materials: 2.). Therefore,
please refer to this application note for more information.

Design specifications for a modified buck convertor

Viy =400V
Viep=80V
lavg=1A

Imax=1.4 A

Iy = 0.6 A

f=50 kHz

Tp =30 °C
Tumax_mosreT =70 °C

Modified buck converter working with duty cycle (output LED current is 1 A):

Equation 1
_ Vieo _ 80 _
Calculated OFF time for selected switching frequency of 50 kHz is:

Equation 2

1-D) _ (1-02)
OFF f 50000 oM

Now, the FOT network should be calculated. First, resistor R203 is selected:
R203 = 3900 Q

Two capacitors in parallel (C204 and C206) are used for the 1 A output LED current (jumper
JP3 is connected) and their size is determined using the following equation:

Equation 3

torr_ 16x 10°°

Caoa !l Coog = = - 1.95nF
204!l Ca06 = 53R — = 373000 =~ "

Therefore the capacitors C204 and C206 have the following size:
0204 =390 pF
0206 =1.5nF
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Resistor R202 limits the charging current and should be in the following range:

Equation 4

VGDiMAX - VZCDfCLAMP - VF

Vap min- VZCDfCLAMP - Ve
<Rggp <Rgg3 X

Vzcp cLamp VZCDfCLAMP
lzcp max * TR
- 203
Equation 5
15-5.7-0.7 < R202 <3900 x (9.8 -57- 0.7)
0.01 + (—5'7 ) 5.7
’ 3900
Equation 6
750 < Ry, < 2326

A 1 kQ resistor is chosen for R202.

Capacitor C203 should be lower than 1.25 nF, and therefore a value of 220 pF was chosen:

Equation 7

Vv
ZCD _CLAMP -189x 10°9—27 __ _1205nF

15-5.7-0.7

Co03 < (Cpps 1 Cpop)
(VGDicMAX - VZCDfCLAMP - Ve

0203 =220 pF

Inductor size is calculated using following equation:

Equation 8

\Y t -6
L = LEDX 'oFF _ 80x 16x 10 — 1.6mH

T 2x (Iyax-lavr)  2x (14-1)

Two sense resistors are connected in parallel and their size is calculated:

Equation 9

\
cs _1.08

The output LED current of 1 A was precisely set by adjusting resistors R204 and R206, and
therefore their optimal resistance values are 1.5 Qand 2.2 Q

R204 = 15 Q

R206 = 22 Q

In the next step the power MOSFET and its heat sink are calculated. The power MOSFET
RMS current is derived using the following equation:
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Equation 10

0.8°

2
2 2 Ipp )

2o« =Dx |Pya+LP|= 0.2[1 —} 0.21
RMS |:AVR 12} + 12

Power MOSFET conduction loss is:

Equation 11
2
Pcon = lams X Rosonyzoecy = 0-21x 0.756 = 0.159W

Where the power MOSFET chosen is the STFONM50N (see datasheet Section 11:
References and related materials: 3.) and its Rpg(on) for 70 °C is:

Equation 12
Ros(onc) = Ros(onyec) X 1-35= 056 x 1.35= 0.756Q

Power MOSFET switching losses can be approximately calculated (turn OFF time was
measured 120 ns - see Figure 19):

Equation 13

Vin X lwax X torr sw>* T 400 1.4x 120 x 107 x 50 x 10°
Paw= . - s = 1.68W

The total power loss on the power MOSFET is 1.839 W, so the heat sink can be calculated
from following equation:

Equation 14

p _ TJMAXfMOSFET_TA
TOT™

Ringc + Rinch + Rinna
And maximum heat sink-to-ambient resistance is:

Equation 15

T T
JMAX M FET A —
_Mos ~Ryyc- Rinen= %_5_0.& 16.25°C/ W

R <
thHA
Prot

The heat sink used in the power MOSFET on the STEVAL-ILLO13V1 has a thermal
resistance of 13.5 °C / W, and therefore this heat sink is optimized for this design.

The last power component remaining to be calculated is the power diode. The diode
conducts during the OFF time, and therefore its average current is:

Equation 16

Imax + v

lava o= (1-D)x H2ME= (1-0.2)x 1.4+06_

5 0.8A
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Power loss on the STPSC806D diode is:

Equation 17
PLoss b= lavg p X Vg= 0.8 x 0.7= 0.56W

where forward diode voltage was found for the average diode current 0.8 A in the datasheet
(see datasheet Section 11: References and related materials: 4.).

Calculated junction diode temperature without using heat sink is:

Equation 18
T)= PLoss b X (Rinyc + Rinca) + Ta= 0.56 x (2.4 +60) +30= 65°C

Junction-to-case thermal resistance is available in the datasheet for the STPSC806D and
case-to-ambient temperature is determined by the device package used. In this case, the
TO-220 package is used and its thermal resistance is typically 60 °C / W.

Calculated junction diode temperature without using a heat sink is much lower than the
maximum junction temperature for the STPSC806D, and therefore this diode is suitable for
the design.

One of the most important things to consider is proper inductor design. The inductor size
was calculated in Equation 8, but generally the inductor size by itself is not enough to ensure
proper inductor design and therefore several additional equations are used for completing
overall inductor construction.

First, the inductor core size must be selected and for this selection it is very helpful to
calculate the minimum area product using application parameters. Minimum required core
area product (AP), where the flux swing is limited by core saturation is:

Equation 19

4
AP — (LX lpEAK X IRMS)S_ 1.6x 10 °x 1.4x 1
MIN Byax % Cl 0.3x 420x 0.5x 107*

4
3 4
= 0.2518cm

where the constant is Cl = Jyjax X Cg x 107 =420 x 0.5 x 107,

The inductor core E25 from EPCOS was selected. The minimum core cross section is 51.5
mm? and the winding cross section is 61 mm? (see datasheet Section 11: References and
related materials: 5.) and the calculated product area is:

Equation 20
AP= Ay x Ay = 61x 51.5= 0, 31415¢m*

The calculated product area is bigger than the minimum required product area, and
therefore the inductor core E25 can be used.
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The number of turns for the inductor is:

-3
N= FZ 1.6 x 10 = 172
AL N54.22x 10~

where the inductance factor Al for the E25 core and 2 mm gap is calculated:

Equation 21

Equation 22

1

L 1
A = K, x 3/s= 90 x 073/2= 54.22nH

K1 = 70 (see datasheet Section 11: References and related materials: 5.)

K> = - 0,73 (see datasheet Section 11: References and related materials: 5.)
s = E25 core air gap [mm].

The last step to complete the inductor design is to calculate the wire diameter.
Maximum inductor power dissipation is:

Equation 23

Twax-Ta_ 70-30
Puax Loss™ = Rp— = "4 - W

The wire resistance on the inductor is (copper wire with diameter of 0.28 mm is chosen):

Equation 24

Iyx N
Repx b= px N 176% 10 8% =—22172__ 475m0
S nxd

3.14 x 0.028 ™

where average turn length Iy, is written in the core datasheet (see datasheet Section 11:
References and related materials 5.).

The power dissipation on the wire is:

Equation 25
Pwire= R X '/ZWFF 172x 10° x 122 17.2mW

The power loss in the wire is much lower than the maximum power loss in the inductor, and
so a wire with a diameter of 0.28 mm is suitable for this inductor.

41/43 Doc ID 15327 Rev 2 K‘YI




UMO0670

Revision history

12

Revision history

Table 4. Document revision history
Date Revision Changes
15-May-2009 1 Initial release.
10-Aug-2009 5 Document reformatted, corrected typing error in Figure 7, added
note below Table 3.
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