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1 Introduction

The document describes a non-isolated, high-efficiency, high power factor (PF), TRIAC
dimmable LED driver designed to drive a nominal LED string voltage of 36 V at 200 mA
from an input voltage range of 185 VAC to 265 VAC (47 Hz — 65 Hz). The LED driver
utilizes the LNK460VG from the LinkSwitch-PL family of ICs.

The topology used is a single-stage non-isolated buck that meets the stringent space and
efficiency requirements for this design.

LinkSwitch-PL based designs provide a high power factor (>0.9) meeting international
requirements.

This document contains the LED driver specification, schematic, PCB details, bill of
materials, transformer documentation and typical performance characteristics.

Figure 1 — Populated Circuit Board (53.5 mm x 19.6 mm).
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Figure 3 — Populated Circuit Board, Bottom View.
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2 Power Supply Specification

The table below represents the minimum acceptable performance of the design. Actual
performance is listed in the results section.

Description Symbol | Min Typ | Max | Units Comment

Input
Voltage Vin 185 230 265 VAC 2 Wire —no P.E.
Frequency fLINE 50 Hz
Output
Output Voltage Vour 36 \Y
Output Current lour 200 mA | Vour =36V, Viy =230 VAC, 25 °C
Total Output Power
Continuous Output Power Pour 7.2 W
Efficiency
Full Load n 87 % Measured at Poyr 25 °C
Environmental
Conducted EMI CISPR 15B / EN55015B
Safety Non-Isolated
Ring Wave (100 kHz)

Differential Mode (L1-L2) 2.5 kV

Common mode (L1/L2-PE)
Differential Surge 500 \Y; 1 kV with Relocation of MOV

Measured at V, o

Power Factor 0.9 250 RS B3 ™
Harmonic Currents EN 61000-3-2 Class D (C) Class C;ﬁgf}”‘;i 52'25\7\/'3 Limits
Ambient Temperature Tams | 50 | | °C Free convection, sea level

E Power Integrations, Inc.
Tel: +1 408 414 9200 Fax: +1 408 414 9201
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3 Schematic
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Figure 4 — Schematic.
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4 Circuit Description

The LinkSwitch-PL (U1) is a highly integrated primary-side controller intended for use in
LED driver applications. The LinkSwitch-PL provides high power factor while regulating
the output current across a range of input (185 VAC to 265 VAC) in a single conversion
stage. The design also supports the output voltage variations typically encountered in
LED driver applications. All of the control circuitry responsible for these functions plus the
high-voltage power MOSFET is incorporated into the IC.

4.1 Input EMI Filtering

Resistor R9 and R13 are fusible resistors that also serve as passive dampers to reduce
input ringing during operation with a dimmer. MOV RV1 provides a clamp to limit the
maximum voltage during differential line surge events. A 275 VAC rated part was
selected, being slightly above the maximum specified operating voltage of 265 VAC.
Zener diode VR2 was added to increase immunity to differential line surges. Bridge
Rectifier BR1 rectifies the AC line voltage with capacitor C2 providing a low impedance
path (decoupling) for the primary switching current. A low value of capacitance (sum of
C2 and C3) is necessary to maintain a power factor of greater than 0.9.

EMI filtering is provided by inductors L1, L2 and L3, and capacitors C2 and C3. Resistor
R1, R2 and R3 across L1, L2 and L3 damp any resonances between the input inductors,
capacitors and the AC line impedance which would ordinarily show up on the conducted
EMI measurements.

4.2 Power Circuit

The circuit is configured as a buck converter with the SOURCE (S) pin of U1 connected
to the freewheeling diodes (D2 and D4) and Inductor T1. The DRAIN (D) pin is connected
to the positive side of the DC rectified input via D1. Diode D1 is used to prevent reverse
current from flowing through U1. An RM6 core size was selected to optimize the inductor
for highest system efficiency. Capacitor C7 was selected to give an output LED ripple
current of £50%.

Capacitor C5 provides local decoupling for the BYPASS (BP) pin of U1 which is the
supply pin for the internal controller. During start-up, C5 is charged to ~6 V from an
internal high-voltage current source connected to the DRAIN pin. Once charged U1 starts
switching at which point the operating supply current is also provided from the output via
R8 and series rectifier D5 and D6. Capacitor C5 was selected with a value of 47 uF to
enable the IC to maintain operation during deep dimming where both drain supply and
inductor current is not present (TRIAC not conducting) for much of each AC half-cycle.

The series combination of D5 and D6 was used to provide very fast recovery and low
capacitance. This was required to minimize the current pulled out of the FB pin when
charging the reverse capacitance of D5 and D6 when U1 turns on each switching cycle.

E Power Integrations, Inc.
Tel: +1 408 414 9200 Fax: +1 408 414 9201
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4.3 Output Feedback

Resistor R4 and R5 are used to sense the diode current of the buck converter. Its value is
adjusted to center the output current at 200 mA at nominal input voltage. Capacitor C4
helps improve overall efficiency by allowing the high-frequency component of D2 and D4
current to bypass the current sensing resistors R4 and R5 which results in lower RMS
dissipation on the current sensing network. Resistor R6 and C6 provide additional filtering
to lower the ripple voltage fed to the FEEDBACK (FB) pin of U1 for improved regulation.

4.4 Open Load Protection

The LED driver is protected in the event of accidental open load operation by monitoring
the voltage across the output inductor during energy decay. Zener diode VR1 sets the
OVP threshold which forces U1 to enter cycle-skipping mode by exceeding the Irgskip)
threshold of the FEEDBACK pin. Resistor R7 is used to discharge any leakage current
that charges the output capacitor C7 when U1 is off, and ensure the LEDs extinguish
quickly when AC is removed.

4.5 TRIAC Phase Dimming Control Compatibility

The requirement to provide output dimming with low cost, TRIAC based, leading edge
phase dimmers introduced a number of trade-offs in the design.

Due to the much lower power consumed by LED based lighting, the current drawn by the
overall lamp is below the holding current of the TRIAC within many dimmers. This causes
undesirable behavior such as limited dim range and/or flickering when the TRIAC fires
inconsistently. The relatively large impedance presented to the line by the LED driver
allows significant ringing to occur due to the inrush current charging the input capacitance
when the TRIAC turns on. This effect can cause similar undesirable behavior, as the
ringing may cause the TRIAC current to fall to zero and turn off.

To overcome these issues, the Passive Damper and Passive Bleeder were incorporated.
The drawback of these circuits is increased dissipation and therefore reduced efficiency
of the supply. For non-dimming application these components can simply be omitted.

The Passive Damper consists of components R13 and R9 to limit inrush currents and
associated ringing of the input impedance during TRIAC dimming.

The Passive Bleeder circuit is comprised of C8, C9 and parallel combination of R1, R2,
and R3. This keeps the input current above the TRIAC holding current while the input
current corresponding to the driver increases during each AC half-cycle preventing the
TRIAC from oscillating on and off at the start of each conduction angle period.

This arrangement provided flicker-free dimming operation with phase angle dimmers
tested including units from Europe, China, Korea. See Section 9 for details.

Power Integrations E
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5 PCB Layout
2. 10
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Figure 7 — Bottom Side.
Note: Location D3 in Rev A board is the placeholder for D5 and D6 for units built using

Revision A PCB.
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6 Bill of Materials

Item | Qty Ref Des Description Mfg Part Number Mfg
1| BR1 O o3 A Bridge Rectifier, SMD, MBS-1, MB6S-TP Micro Commercial
2 1 Cc2 47 nF, 400 V, Film ECQ-E4473KF Panasonic
3 1 C3 10 nF, 630 V, Film ECQ-E6103KF Panasonic
4 1 C4 10 pF, 16 V, Ceramic, X5R, 0805 GRM21BR61C106KE15L Murata
5 1 C5 47 uF, 16 V, Ceramic, X5R, 1210 GRM32ER61C476ME15L Murata
6 1 C6 1 uF, 16 V, Ceramic, X5R, 0603 GRM188R61C105KA93D Murata
7 | 1 c7 igom‘g" (51%\)/(' 1'56'3””0'3’““ Very Low ESR, EKZE500ELL221MJ16S | Nippon Chemi-Con
8 2 C8C9 100 nF, 500 V, Ceramic, X7R, 1812 VJ1812Y104KXEAT Vishay
9 1 D1 200V, 3 A, DIODE SUPER FAST SMD, SMB ES3DB-13-F Diodes, Inc.
10 2 D2 D4 600 V, 3 A, Fast Recovery, 35 ns, SMB Case STTH3R06U ST Micro
11 2 D5 D6 250V, 0.2 A, Fast Switching, 50 ns, SOD-323 BAV21WS-7-F Diodes, Inc.
12 3 L1L2L3 2.2 mH, 0.16 A, Ferrite Core CTSCH875DF-222K CT Parts
13 3 R1R2 R3 3.6 kQ, 5%, 1/8 W, Thick Film, 0805 ERJ-6GEYJ362V Panasonic
14 1 R4 2 Q, 1%, 1/4 W, Thick Film, 1206 ERJ-8ENF2004V Panasonic
15 1 R5 10 Q, 1%, 1/4 W, Thick Film, 1206 ERJ-8ENF10R0OV Panasonic
16 1 R6 3.3 kQ, 5%, 1/10 W, Thick Film, 0603 ERJ-3GEYJ332V Panasonic
17 1 R7 100 k, 5%, 1/8 W, Thick Film, 0805 ERJ-6GEYJ104V Panasonic
18 1 R8 9.1 kQ, 5%, 1/8 W, Carbon Film CFR-12JB-9K1 Yageo
19 2 R9 R13 47 Q, 5%, 2 W, Metal Film NFR0200004709JR500 Vishay
20 3 R10R11 R12 | 1.5kQ, 5%, 1 W, Thick Film, 2512 ERJ-1TYJ152U Panasonic
21 1 RV1 275V, 23 J, 7 mm, RADIAL V275LA4P Littlefuse
22 1 T Bobbin, RM6, Vertical, 6 pins B65808-N1006-D1 Epcos
23 1 U1 LinkSwitch-PL, eDIP-12P LNK460VG Power Integrations
24 1 VR1 47V, 500 mW, 5%, DO-35 BZX79-C47 Taiwan Semi
25 1 VR2 350V, 400 W, 5%, DO214AC (SMA) SMAJ350A LittleFuse

Power Integrations
Tel: +1 408 414 9200 Fax: +1 408 414 9201
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7 Inductor Specification
7.1 Electrical Diagram
20
48T
#28 AWG
6 o
Figure 8 — Inductor Electrical Diagram.
7.2 Electrical Specifications
Primary Inductance Pins 2-6, all other windings open, measured at 66 kHz, 360 uH £7%
04 VRMS
Resonant Frequency Pins 2-6, all other windings open 2 MHz (Min.)

7.3 Materials
Item
[1] Core: PC95RMO06-Z.
[2] Bobbin: B-RM6-V-6pins-(3/3) with mounting clip, CLIP-RM6.
[3] Tape, Polyester film, 3M 1350F-1 or equivalent, 6.4 mm wide.
[4] Wire: Magnet, #28 AWG, solderable double coated.

Description

Power Integrations, Inc.
Tel: +1 408 414 9200 Fax: +1 408 414 9201
www.powerint.com
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7.4 Inductor Build Diagram

1L Tape
Finish (P2)

oy | (TTITITITOTTT Y| |7
QO00000000000CN |- ™
Start (P6) . 9000000000000 p

Figure 9 — Inductor Build Diagram.

7.5 Inductor Construction

Bobbin Place the bobbin item [2] on the mandrel such that pin side on the left side.
Preparation Winding direction is the clockwise direction.
WDG 1 Starting at pin 6, wind 48 turns of wire item [4] in three layers. Apply one layer of

tape item [3] per layer. Finish at pin 2.
Final Assembly | Grind core to achieve 0.36 mH inductance.

Power Integrations
Tel: +1 408 414 9200 Fax: +1 408 414 9201
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8 Performance Data

All measurements performed at room temperature using an LED load. The following data
were measured using 3 sets of loads to represent the load range of 33 V ~ 39 V output
voltage). Refer to the table on Section 8.6 for the complete set of test data values.

8.1 Efficiency

87.8
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87.7 4—| ==V _—
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87.5 1

87.4 » o

87.3 ¢
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—_———

87.0 ¢

\
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Figure 10 — Efficiency vs. Line and Load.
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8.2 Line and Load Regulation
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Figure 11 — Regulation vs. Line and Load.
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8.3 Power Factor
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Figure 12 — Power Factor vs. Line and Load.
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8.4 A-THD
30—
=33V
28 =B=36 V *_
=30 V
26 /
- —ffff)"r”“
g 22
o
X
F 20 4+—eo=
<
18
o~
16
14
12

180 190 200 210 220 230 240 250 260 270
Input Voltage (VAC)

Figure 13 — A-THD vs. Line and Load.
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8.5 Harmonics

The design met the limits for Class C equipment for an active input power of <25 W. In
this case IEC61000-3-2 specifies that harmonic currents shall not exceed the limits of
Class D equipment'. Therefore the limits shown in the charts below are Class D limits
which must not be exceeded to meet Class C compliance.

8.5.1 33V LED Load

30

EClass C (D) Limit
EmA Content

N
()]

N
o

Harmonic Current (mA)
S o

3 5 7 9 11 13 15 17 19 21 23 25 27 29 31 33 35 37 39
Harmonic Number (n)

Figure 14 — 33 V LED Load Input Current Harmonics at 230 VAC, 50 Hz.

"TEC6000-3-2 Section 7.3, table 2, column 2.
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8.5.2 36V LED Load

30

mClass C (D) Limit
EmA Content

= N N
()] o ()]
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3 5 7 9 11 13 15 17 19 21 23 25 27 29 31 33 35 37 39
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Figure 15 — 36 V LED Load Input Current Harmonics at 230 VAC, 50 Hz.
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8.5.3 39V LED Load

35

m Class C (D) Limit
= mA Content

= N N w
(@] o (@] o

Harmonic Current (mA)
o

3 5 7 9 11 13 15 17 19 21 23 25 27 29 31 33 35 37 39
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Figure 16 — 39 V LED Load Input Current Harmonics at 230 VAC, 50 Hz.
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8.6 Test Data

All measurements were taken with the board at open frame, 25 °C ambient, and 50 Hz
line frequency.

8.6.1 Test Data, 33 V LED Load

Input Input Measurement Load Measurement Calculation
VAC | Freq Vin Iin P PE % ATHD Vour lout Pour | Pca. | Efficiency | Loss
(Vrws) | (Hz) | (Vrus) | (mArws) | (W) (Vbc) (MApc) | (W) | (W) (%) (W)
185 50 185.07 45.33 7.996 | 0.953 19.96 33.0020 | 208.830 | 6.951 | 6.89 86.94 1.04
200 50 | 200.11 42.19 7.938 | 0.940 20.95 32.9820 | 207.710 | 6.909 | 6.85 87.03 1.03
220 50 | 220.13 37.18 7.468 | 0.913 22.63 32.8640 | 196.210 | 6.499 | 6.45 87.02 0.97
230 50 | 230.19 35.56 7.366 | 0.900 22.86 32.8370 | 193.710 | 6.410 | 6.36 87.02 0.96
240 50 | 240.15 33.70 7.184 | 0.888 24.48 32.7930 | 189.320 | 6.254 | 6.21 87.05 0.93
265 50 | 265.18 30.58 6.993 | 0.863 28.1 32.7500 | 184.700 | 6.089 | 6.05 87.07 0.90

8.6.2 Test Data, 36 V LED Load

Input Input Measurement Load Measurement Calculation

VAC | Freq Vin I P PF %ATHD Vour lour Pour | Pca. | Efficiency | Loss

(Vews) | (Hz) | (Verws) | (MArus) | (W) (Voc) (MAxe) | W) | W) (%) (W)
185 50 185.06 | 49.49 8.809 | 0.962 18.42 35.9590 | 211.910 | 7.681 | 7.62 87.19 1.13
200 50 | 200.10 | 45.91 8.738 | 0.951 19.4 35.9340 | 210.630 | 7.628 | 7.57 87.29 1.11
220 50 | 220.13 | 40.22 8.210 | 0.927 | 21.24 35.8050 | 198.940 | 7.175 | 7.12 87.39 1.04
230 50 | 230.18 38.90 8.216 | 0.918 | 21.64 35.8010 | 199.180 | 7.183 | 7.13 87.42 1.03
240 50 | 240.15 36.58 7.938 | 0.904 | 22.44 35.7290 | 192.880 | 6.939 | 6.89 87.42 1.00
265 50 | 265.17 32.50 7540 | 0.875 | 26.43 35.6350 | 183.920 | 6.593 | 6.55 87.45 0.95

8.6.3 Test Data, 39 V LED Load

Input Input Measurement Load Measurement Calculation

VAC | Freq Vin Iin P PF %ATHD Vour lout Pour | PcaL | Efficiency | Loss

(Vews) | (Hz) | (Verws) | (MAgws) (W) (Vbc) (mAoc) W) (W) (%) W)
185 50 185.06 52.98 9.485 | 0.967 17.39 38.9430 | 211.250 | 8.286 | 8.23 87.36 1.20
200 50 | 200.11 49.30 9.455 | 0.958 18.25 38.9140 | 211.070 | 8.272 | 8.21 87.49 1.18
220 50 | 220.13 43.34 8.953 | 0.938 20.09 38.7810 | 201.090 | 7.850 | 7.80 87.68 1.10
230 50 | 230.19 41.43 8.850 | 0.928 20.8 38.7420 | 199.040 | 7.762 | 7.71 87.71 1.09
240 50 | 240.15 39.49 8.690 | 0.916 21.25 38.6900 | 195.730 | 7.621 | 7.57 87.70 1.07
265 50 | 265.18 34.43 8.091 | 0.886 24.94 38.5390 | 183.180 | 7.098 | 7.06 87.73 0.99
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8.6.4 230 VAC 50 Hz, 33 V LED Load Harmonics Data

\' Freq | (mA) P PF %THD
230 50.00 35.56 7.3660 0.9000 22.86
nth mA % Limit Limit Remarks

Order Content | Content <25W >25 W

1 34.65

2 0.02 0.04% 2.00%

3 2.85 8.23% 25.0444 | 27.00% Pass

5 4.09 11.79% | 13.9954 | 10.00% Pass

7 3.80 10.97% 7.3660 7.00% Pass

9 2.86 8.24% 3.6830 5.00% Pass

11 2.08 6.00% 2.5781 3.00% Pass

13 1.76 5.08% 2.1815 3.00% Pass

15 1.68 4.85% 1.8906 3.00% Pass

17 1.36 3.92% 1.6682 3.00% Pass

19 1.06 3.06% 1.4926 3.00% Pass
21 0.61 1.75% 1.3504 3.00% Pass
23 0.72 2.08% 1.2330 3.00% Pass
25 0.59 1.71% 1.1344 3.00% Pass
27 0.48 1.39% 1.0503 3.00% Pass
29 0.37 1.06% 0.9779 3.00% Pass
31 0.33 0.94% 0.9148 3.00% Pass
33 0.31 0.88% 0.8594 3.00% Pass
35 0.22 0.64% 0.8103 3.00% Pass
37 0.20 0.57% 0.7665 3.00% Pass
39 0.1 0.30% 0.7272 3.00% Pass
41 0.12 0.35%

43 0.15 0.44%
45 0.17 0.48%
47 0.17 0.49%
49 0.16 0.45%

E
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DER-302 7.2 W A19 LED Driver Using LNK460VG

8.6.5 230 VAC 50 Hz, 36 V LED Load Harmonics Data

\' Freq | (mA) P PF %THD
230 50.00 38.90 8.2160 0.9175 21.64
nth mA % Limit Limit Remarks

Order Content | Content <25W >25 W

1 38.01

2 0.02 0.04% 2.00%

3 2.83 7.45% 27.9344 | 27.53% Pass

5 4.28 11.26% | 15.6104 | 10.00% Pass

7 4.04 10.62% 8.2160 7.00% Pass

9 2.99 7.86% 4.1080 5.00% Pass
11 1.94 5.10% 2.8756 3.00% Pass
13 1.63 4.30% 2.4332 3.00% Pass
15 1.61 4.23% 2.1088 3.00% Pass
17 1.63 4.28% 1.8607 3.00% Pass
19 1.46 3.83% 1.6648 3.00% Pass
21 0.78 2.05% 1.5063 3.00% Pass
23 0.78 2.05% 1.3753 3.00% Pass
25 0.45 1.19% 1.2653 3.00% Pass
27 0.24 0.63% 1.1715 3.00% Pass
29 0.17 0.46% 1.0907 3.00% Pass
31 0.26 0.69% 1.0204 3.00% Pass
33 0.31 0.82% 0.9585 3.00% Pass
35 0.37 0.98% 0.9038 3.00% Pass
37 0.36 0.95% 0.8549 3.00% Pass
39 0.28 0.74% 0.8111 3.00% Pass
41 0.27 0.72%

43 0.28 0.73%

45 0.16 0.41%

47 0.09 0.24%

49 0.09 0.24%

Power Integrations
Tel: +1 408 414 9200 Fax: +1 408 414 9201
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8.6.6 230 VAC 50 Hz, 39 V LED Load Harmonics Data

Vv Freq I (mA) P PF %THD
230 50.00 41.43 8.8500 0.9280 20.8
nth mA % Limit Limit Remarks

Order Content | Content | <25W >25 W

1 40.54

2 0.05 0.12% 2.00%

3 297 7.33% 30.0900 | 27.84% Pass

5 4.38 10.80% | 16.8150 | 10.00% Pass

7 4.1 10.14% 8.8500 7.00% Pass

9 2.92 7.20% 4.4250 5.00% Pass

11 1.82 4.49% 3.0975 3.00% Pass

13 1.72 4.24% 2.6210 3.00% Pass

15 1.88 4.64% 2.2715 3.00% Pass

17 1.79 4.42% 2.0043 3.00% Pass

19 1.63 4.02% 1.7933 3.00% Pass
21 0.74 1.83% 1.6225 3.00% Pass
23 0.65 1.60% 1.4814 3.00% Pass
25 0.29 0.72% 1.3629 3.00% Pass
27 0.23 0.57% 1.2619 3.00% Pass
29 0.26 0.64% 1.1749 3.00% Pass
31 0.39 0.96% 1.0991 3.00% Pass
33 0.41 1.01% 1.0325 3.00% Pass
35 0.36 0.89% 0.9735 3.00% Pass
37 0.35 0.86% 0.9209 3.00% Pass
39 0.33 0.81% 0.8737 3.00% Pass
41 0.22 0.54%

43 0.20 0.49%

45 0.14 0.35%

47 0.10 0.25%

49 0.19 0.47%

E
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9 Dimming Performance Data

TRIAC Dimming Results were taken with input voltage of 230 VAC, 50 Hz line frequency,
room temperature, and nominal 36 V LED load.

9.1 Performance with Dimmers from China

225
=m=Clipmei
200 1 —rcLe30 W ~
175 ]| =~SENBO LANG 300 W
«e=EBA HUANG
&;150 4| ==SB ELECT 600 W
= «==MYONGBO
: |
@ 125 KBE 650 W
(-
=]
3 MANK 200 W
© 100 4
=
Q.
5
o 75 +
50 1«
25
0 r r

0 20 40 60 80 100 120 140 160 180
Conduction Angle (°)

Figure 17 — China Dimmers Dimming Curve.

. Minimurn Minimum Maximu_m Maximum
Dimmer Conduction lour, MA Conduction lour, MA
Angle, ° i Angle, ° ’

CLIPMEI 27 12 160 198
TCL 630 W 27 12 155 198
SEN BO LANG 300 W 43 31 160 189
EBA HUANG 27 11 160 198
SB ELECT 600 W 25 12 150 191
MYONGBO 38 37 162 193
KBE 650 W 27 11 158 194
MANK 200 W 50 52 160 192

Figure 18 — China Dimmers Minimum and Maximum Dimming Characteristic.
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9.2 Performance with Dimmers from Germany

225

200 REV 300
=2=BUSCH 2250 600W

175 ==\ERTEN 572499 400W

=2=BERKER 2875 600W

N
(&3}
o

Output Current (mA)
o (@) o (@)

N
()]

0 v ' r

0 20 40 60 80 100 120 140 160 180
Conduction Angle (°)

Figure 19 — German Dimmers Dimming Curve.

. Minimurn Minimum Maximu_m Maximum
Dimmer Conduction lour, MA Conduction lour, MA
Angle, ° ’ Angle, ° ’
REV 300 W 18 4 144 181
BUSCH 600 W 28.8 21 144 186
MERTEN 400 W 27 13 153 192
BERKER 600 W 34 25 142 185

Figure 20 — German Dimmers Minimum and Maximum Dimming Characteristics.

E Power Integrations, Inc.
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9.3 Performance with Dimmers from Korea

225
200 + =m=ANAM 500 W
r
=+=SHIN SUN w ;
175 4 S SUNG 500
SS 700 W
< 150 4
E
T
o 125 1
=
5]
+ 100 1§
S
Q.
=
o 75 o
50 +o
25 +
0 ¥ ¥ ¥ r " ¥ ¥ "
0 20 40 60 80 . 100 120 140 160 180
Conduction Angle (°)
Figure 21 — Korean Dimmers Dimming Curve.
Minimum Minimum Maximum Maximum
Dimmer Conduction I mA Conduction I mA
Angle, o ouT» Angle, o OouT,
ANAM 500 W 52.2 74 148 194
SHIN SUNG 500 W 45 58 158 194
SS 700 W 36 29 156 197
Figure 22 — Korean Dimmers Minimum and Maximum Dimming Characteristics.
Power Integrations E
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10 Thermal Performance

Images captured after running for >30 minutes at room temperature (25 °C), open frame
for the conditions specified.

10.1 Non-Dimming V\y = 185 VAC, 50 Hz, 36 V LED Load

Spd 3

5p3 46.5

Figure 23 — Top Side. Figure 24 — Bottom Side.
U1- LNK460VG: 58 °C. R4- Current Sense Resistor: 56.8 °C.

10.2 Non-Dimming Viy = 265 VAC, 50 Hz, 36 V LED Load

Spd 40.5

Sp3 45.1

.
SpS 52.2

Figure 25 — Top Side. Figure 26 — Bottom Side.
U1- LNK460VG: 55 °C. R4- Current Sense Resistor: 53.1 °C.

E Power Integrations, Inc.
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10.3 Dimming Viy = 230 VAC 50 Hz, 90° Conduction Angle, 36 V LED Load

Si 67.6
-
4354 ; !
, -

Figure 27 — Top Side. Figure 28 — Bottom Side.
R9- Passive Damper Resistor: 59.3 °C. R12- Passive Bleeder Resistor: 80.4 °C.
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11 Non-Dimming Waveforms

11.1 Input Voltage and Input Current Waveforms

Vertical Timebase

Trigger Display

ursors Measure  Math  Analysis  Uilliies  Help

a
Measure P3:max(C4)

P1:rms(C2) P2rms(C4) Pd:pkpk(F1) P5ipkpk(C4) PEipkpk(C3)
valug 50.95mV 1852V
status v v

100 Vidiv|
0.0V offsel

A\ Trailing number(s) in the filename were truncated to allow auto-numbering

Figure 29 — 185 VAC, Full Load.
Upper: Iy, 20 mA / div.
Lower: Viy, 100 V, 10 ms / div.

imebase 200 p3 [Trigger EAED)
100msidiv|Stop 3.6 mv
100 MS_10Msis|Edge  Positive

File Verlical Timebase Trigger Display Cursors Measure Math Analysis Ulilles Help

P1ms(C2) P2rms(C4) P3:max(C4) P4:pkpk(F1) P5:pkpk(C4) P6:pkpk(C3)
value 3853mv 2293V
status v v

Measure

100 Vid|
0.0V offse]

A\ Trailing number(s) in the filename were truncated to allow auto-numbering.

Figure 31 — 230 VAC, Full Load.
Upper: Iy, 20 mA / div.
Lower: Vi, 100 V, 10 ms / div.

imebase 200§ [Trigger ERED)
10.0mskdiv|Stop  -10.0mV|
100 MS 10 MSis|Edge  Positive

ursors  Measure  Math  Analysis  Uliliies  Help

AAAAS

Y
P3max(C4)

Measure P1:ims(C2) P2irms(C4) P4:pkpk(F1) P5:pkpk(C4) PEipkpk(C3)
value 39.62mV 2196V
status v v

100 Vidiv|
0.0V offself

A\ Trailing number(s) in the filename were truncated to allow auto-numbering.

Figure 30 — 220 VAC, Full Load.
Upper: Iy, 20 mA / div.
Lower: Vy, 100 V, 10 ms / div.

imabase -200 43 [Trigger  GAED)
10.0msidiv|Stop  -10.0mv
100 MS_10Msis|Edge  Positive

File Verical Timebase

Trigger Display

ursors  Measure Math Analysis Ulilities Help

/\
\J \/

\/\

Measure P1ms(C2) P2 rms(C4) FEmax(Ce) Pa:pkpk(F1) P5:pkpk(C4) F6ipkpk(C3)
value 3243mV 2625V
status v
rigger  EAEN
0.0 V offse] 1.00MS 10 MSislEdge  Positive
LeCroy 11/412011 3:09:17 P
Figure 32 — 265 VAC, Full Load.

Upper: Iy, 20 mA / div.
Lower: Vy, 100 V, 10 ms / div.

Power Integrations, Inc.
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11.2 Output Current and Output Voltage at Normal Operation

Input Condition | loyy, Mean (mA)

lour, Peak to Peak (mA)

lour Ripple (%)

185 VAC, 50 Hz 209.4

221 mA +52.77

220 VAC, 60 Hz 195

206 mA +47.33

230 VAC, 50 Hz 193.3

205 mA +47.15

265 VAC, 50 Hz 183.5

187 mA +49.06

Measure F1ms(C1) PZrms(C4) P3mean(C1) P4pkpKICT) P pkpk(C4) P& pkpk(C3)
value 2218mA 3614V 2094mA 21mA
stalus v v v v

-19.70 V of s 1.00 MS 20 MSis]Edge  Positive)
LeCroy 11/412011 3:26:04 P

Figure 33 — 185 VAC, 50 Hz Full Load.
Upper: loyt, 50 mA / div.
Lower: Vout, 10V, 5 ms / div.

Measure P1ms(C1) P2rms(C4) P3:mean(C1) P4 pkpkiC1) P5:pkpk(C4) P6pkpk(C3)
value 2065mA 35688V 195.0mA 206mA
status v v v v

10.0 Vi
-19.70 V ofsi}

A Trailing number(s) in the filename were truncated to allow auto-numbering.

rigger EAEH)
T B
1.00 MS 20 MSis]Edge  Positive)

Figure 34 — 220 VAC, 50 Hz Full Load.
Upper: lout, 50 mA / div.
Lower: Vour, 10V, 5 ms / div.

[
a ry
Measure P1rms(C1) P2rms(C4) P3:mean(C1) P4pkpk(C1) P5ipkpk(C4) PEipkpk(C3) Measure P1ims(C1) P2:rms(C4) P3:mean(C1) P4pkpk(C1) P5:pkpk(C4) PEipkpk(C3)
valug 2047 mA 3586V 1933mA 205mA value 1932mA 35T5V 1835mA 187 mA
status v v v v status v v v v
10.0 Vidiv| 500msidiv|Stop  -3.6mV| 10.0 V| 500 msidiv|Stop  -3.6mV|
-19.70 V ofst} 1.00 MS_ 20 MSis]Edge  Positive) -19.70 V of st} 100 MS 20 MSis]Edge  Positive)

A\ Trailing number(s) in the filename were truncated to allow auto-numbering

Figure 35 — 230 VAC, 50 Hz Full Load.
Upper: loyt, 50 mA / div.
Lower: Vout, 10V, 5 ms / div.

Figure 36 — 265 VAC, 50 Hz Full Load.
Upper: loyt, 50 mA / div.
Lower: Vour, 10V, 5 ms / div.

1412011 3:28:14 P
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11.3 Out

fical Timebase

i
AR A AR AR AR AR A AAAAAAAAAAA AR AAAAAAAAAAAARAAAAAAAAAAAAAAA
s ninser
)
Measure P1ms(C1) P2rms(C4) P3mean(C1) Pdmax(C1) P5:pkpk(C4) PEpkpk(C3)
value 2115mA 3304V 1895 mA azmA
status v v v v
10.0 Vidiv| ol 100 msidiv|Stop 550 mA]
-19.70 V ofsf S 1.0 Msis|Edge s
LeCroy 11/412011 353:43 P

Figure 37 — 185 VAC Output Rise.
Upper: lout, 50 mA / div.
Lower: Vout, 10 V, 100 ms / div.

r\: ‘ 1 {'.'ifku,.. il '

)
Measure P1ims(C1) P2irms(C4) P3:mean(C1) Pd:max(C1) P5:pkpk(C4) PEipkpk(C3)
value 1625mA 3250V 1384mA 306 mA

v

o M
Figure 39 — 265 VAC Output Rise.

Upper: loyt, 50 mA / div.
Lower: Vout, 10 V, 100 ms / div.

11/4/2011 35815 PM

Measure P1:rms(C1) P2:ms(Cd) P3:mean(C1) P4:max(C1) P5ipkpk(C4) PB:pkpk(C3)
value 2214mA 3329V 2088mA 325mA
status v v v
Trigger GG
1970 V ofs} 1.00MS 1.0 MSis|Edge  Negative]
LeCroy

11142011 3:54:57 PN

Figure 38 — 185 VAC Output Fall.
Upper: loyt, 50 mA / div.
Lower: Vout, 10 V, 100 ms / div.

imebase Trigger Display Cursors Measure Math Analysis Utliles Help

Measure P1rms(C1) P2ms(C4)
value 187.8mA 3310V

status

P3:mean(C1) P4max(C1)

1792mA 273mA
v

v v
imebase 0 mg (Trgoer GG
" =i
LeCroy 11/4/2011 3.50:26 PM
Figure 40 — 265 VAC Output Fall.
Upper: loyt, 50 mA / div.

Lower: Vout, 10 V, 100 ms / div.

P5ipkpk(C4) P6.pkpK(C3)

Power Integrations, Inc.
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11.4 Input Voltage and Output Current Waveform at Start-up

File Verical Timebase Sursors  Measure Math Analysis Utilties Help

efical Timebase Trigger Display Cursors Measure Math Analysis Utiiies Help

Trigger Display

- AR

f\‘f\f\lf\f\/‘\ﬂ\f\f\{\/\f\‘ﬂ‘,ﬂr\'\”’\f’\\

wwvw“”vwwwwwv

— e ——

PIums(C2)

I3
Measure P1ms(CN) P2max(C2) P4max(C4) P5rms(C4) PGireq(C4)
value 334mv 2147 mv 288V 187.6v
status v v v v
200 Vidiv 500 madiv Stop 98 V|
0.0V offsel 5.00MS 10 MSis|Edge  Positive]
LeCroy 11712011 51748 PM

Figure 41 — 185 VAC, 50 Hz.
Upper: lout, 0.1 A/ div.
Lower: VN, 200 V, 50 ms / div.

- R

l"'\{\\f’\ﬂ!\/\{\ﬁ\f\hﬂ\f\‘ﬂﬂr\l
‘{li"H ) P “.‘ﬁ‘\ ‘
lv‘vu\fwv"vv'\f\f\l\fb\;"vdvhvv

i
P1ms(C1)

Measure P2max(C2) P3.rms(C2) P4max(C4) PEmMS(C4) PB:frea(C4)
value 305mV 160.1 mV 333V 2223V
status v v v
200 Vidw
0.0V offsel]
LeCroy 11712011 5:19:07 PM

Figure 42 — 220 VAC, 50 Hz.
Upper: lout, 0.1 A/ div.
Lower: Vy, 200 V, 50 ms / div.

ertical  Timebase Measure Math Analysis Ubiities Help

ursors  Measure Math Analysis  Utilities  Help

S

!\Af\f\f\ A

H'\Aﬂf\!\&/\‘{\'\‘(\/‘ﬁiﬂ(\f\l
an -Jvmv“v

v\;uvv‘vvvv\/vh

. |
Measure PLms(C) P2:max(C2) PIms(C2) Pdmax(Cd) P5irms(C4) PGifrea(C4)

value 318mv 1972 mv 352V 2319V
status v v
200 Vidiv 50.0 ms/iv| Stop 98 vl
00V offse 500Ms 10 MSis|Eage  Positive)
LeCroy 1171201152001 PM

Figure 43 — 230 VAC, 50 Hz.
Upper: loyt, 0.1 A/ div.
Lower: Vin, 200 V, 50 ms / div.

Trigger Display Cursors

Y

)

AhAA"Fr\-‘\"p’\’\‘f\fif\\f\mi\l\ﬂ\

_—-———‘,¢.#1‘}, lLH-“f‘l‘?"l“"‘[l"'l’! f“
1 \4 .J 1 ’ {88 T LR ~- 1)
.VVVV\/uUuuva'vva»v

Measure E— P2max(C2) PImMs(C2) Pd-max(C4) PE:ms(C4) PB:freaiC4)

valug 315mv 192.2mv 403V 267.0V

status v v v

200 Vidiy
0.0V offsel]
LeCroy 11712011 5:41:22 PM

Figure 44 — 265 VAC, 50 Hz.
Upper: loyt, 0.1 A/ div.
Lower: Vy, 200 V, 50 ms / div.
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11.5 Drain Voltage and Current at Normal Operation

Analysis  Utilities  Help

Measure  Math

Trigger Display Cursors

e Verical Timebase

i
Measure P1ms(C2) P2:max(C2) P3ums(C4) P4max(C4) P5ipkpk(C4) PEipkpk(C3)
value 1412myv 206mV 167.2v 27V 201
status v v v v v
100 Vidiv 500 ms/div|Stop  214.0mA|
-197.0 V ofsl 1.00MS 20 MSis|Edge  Negative]
LeCroy 11/412011 4:30:20 PM

Figure 45 — 185 VAC, 50 Hz.
Upper: IDRAINy 0.2 A/ div.
Lower: VDRAIN; 100 V, 5 ms/ div.

File Verical Timebase Trigger sure Math Analysis Utiliies Help

Measure P1ms(C2) P2max(C2) P3ms(C4) P4 max(C4) P5:pkpk(C4) Foreq(C4)
value 121.8my 1110V 2493V 389V 216V 50.8401kHz
status v v v v v &
(Timebase 0.0 mg [Trigg
-197.0V ofs}) Edge  Fosilive]
LeCroy 11/412011 4:44:45 PM

Figure 47 — 265 VAC, 50 Hz.
Upper: IDRAIN1 0.1 A/ div.
Lower: Vpran, 100 V, 5 ms / div.

Vertical Timebase Trigger Display s Measure Math Analysis  Ulilities

Measure P11ms(C2) P2max(C2) F3rms(C4) P4 max(C4) P5 pkpk(C4) P6frea(C4)

value 2012mv o12mv 2352V 274V 204V 89.63500 kHz

status v v -l o I
100 Vidiv|

-197.0 V of s
1142011 43211 PM

=
Figure 46 — 185 VAC, 50 Hz.

Upper: IDRAIN; 0.2 A/ div.

Lower: Vpran, 100 V / div., 10 us / div.

igger Display Cursors Measure Math Analysis Utiiies Help

PE.freq(C4)
5137444 1kHz

P1Ims(C2) P2max(C2) F3.rms(C4) P4max(C4} P5.pkpk(C4)

Measure
value 168.9mV 1123V 3460V 8OV 418V
status v v v

100 Vidiv}
-197.0V of s

LeCroy

Figure 48 — 265 VAC, 50 Hz.
Upper: Ipran, 0.1 A/ div.
Lower: Vpran, 100 V / div., 10 us / div.

Power Integrations, Inc.
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11.6 Start-up

I3 i
Measure P1:ms(C2) P2imax(C2) P3:rms(C4) P4:max(C4) P5ipkpk(C4) PGreq(C4) Measure P1:ms(C2) P2max(C2) P3.ums(C4) Pamax(C4) PEpkpk(C4) Péfreq(C4)
valug 263my 215V 1660V 274V 204V 37.77562 kHz value 91my 172v v 422V 14500068 kHz
status v v v v v v status v v v v v v
100 Vidiv| 5.00 msidiv| Stop. mv| 500 mvidiv 5.00msidivlStop  560mV|
-197.0V ofs| 500 MS 100 MSis | Edge ftive -1.480 V ofst 500 MS 100 MSis|Edge  Positive

11/4/2011 45327 PM r'y in the filenams 1o allow auto-numbering

LeCroy

Figure 49 — 185 VAC, 50 Hz. Figure 50 — 265 VAC, 50 Hz.
Upper: Iprain, 500 mA / div. Upper: Iprain, 500 mA / div.
Lower: Vpran, 100V, 5 ms / div. Lower: Vprain, 100 V, 5 ms / div.

File Vertical Timebase Trigger Display Cursors Measure Math Analysis Utiities Help

T 0
WMeasure P1MS(CT) PZMax(C2) P3Tms(C4) Pamax(C4) P5:pkpk(C4) PETreq(C4) Measure P1rms(C1) PZMax(C2) P3.rms(C4) P4max(C4) P pkpk(C4) PETreq(C4)
value mA aTv 2227V 280V 298V 30.396267 kHz value 16mA 148V 2534V 217V 208V 29.440059 kHz
status v v v v i status v v v v v v
100 Vidiy 100 62 100 Vidiv P E 1280
-197.0 V ofs 0MS 5 osiive -197.0V ofsl S G55
LeCroy 11i712011 4:01:52 PM LeCroy 117772011 41112 PM

Figure 51 — 185 VAC, 50 Hz Output Short Condition.  Figure 52 — 185 VAC, 50 Hz Output Short Condition.
Upper: Iprain, 500 mA / div. Upper: Iprain, 500 mA / div.
Lower: Vpramn, 100 V, 10 ms / div. Lower: Vpramn, 100 V, 10 ps / div.

Power Integrations E
Tel: +1 408 414 9200 Fax: +1 408 414 9201
Page 35 of 47 www.powerint.com



DER-302 7.2 W A19 LED Driver Using LNK460VG

11-Jan-12

File Vertical Timebase Trigger Display Cursors Measure

Math Analysis Utilities Help

B HmnHH\IIHH-HHH_‘

3 i
i 0

Measure P1rms(C1) P2max(C2) P31ms(C4) Pa:max(C4) P5:pkpk(C4) P6Treq(C4) Measure P1rms(C1) PZmax(C2) P3.:rms(C4) P4.max(C4) PS.pkpk(C4) PEfreq(C4)
value 16mA 158V 3353V 389V 416V 1.8751598 kHz value 16mA 174V 340V 38V 362V 30529862 kHz
status v v v v E status v v v v v v
imebase 0.0
100 Vidiv| p 100 Vidiv| 10.0 psidiv|Stop 1540 V|
-197.0 V of sij 5.00 MS 100 MS/s JEdge Positive] -197.0 V ofst] 500 kS 5.0 GSs|Edge Positive]

A\ Trailing number(s) in the filename were fruncated to allow auto-numbering LeCroy 172011 41311 PM

Figure 53 — 265 VAC, 50 Hz Output Short Condition.
Upper: IDRAIN, 500 mA / div.
Lower: Vpran, 100 V, 10 ms / div.

11.8 Open Load Output Voltage

e Verical Timebase Trigger Display Cursors Measure Math Analysis Utiities Help

Figure 54 — 265 VAC, 50 Hz Output Short Condition.
Upper: IDRAIN, 500 mA / div.
Lower: Vpran, 100 V, 10 ps / div.

File Verical Timebase Trigger Display Cursors Measure Math Analysis Uliliies Help

Measure P1rms(C1) P2:max(C3) P3rms(C3) P4 max(C4) PSpkpkiC4) PBfreq(C4)
value 5437V 54046V 267V 285V
status v v v v

-197.0V ofsi 500 MS 100 MSis|Edge  Positive]
LeCroy 117712011 4:30:38 PM

Figure 55 — 185 VAC, 50 Hz Open Load
Characteristic.
Upper: Vour, 10 V / div.
Lower: Vprann, 100 V / div., 5 ms / div.

03
Measure P1rms(C1) P2:max(C3) P3a1ms(C3) P4:max(C4) Popkpk(C4) Pélreq(C4)
value 5510V 54821V 379V 400V
status v v v v

100 Vidiv|
-197.0 V ofst}

A Trailing number(s) in the filename were truncated to allow auto-numbering.

500msidivStop  365mV|
5.00MS 100 MSis]Edge  Positive]

Figure 56 — 265 VAC, 50 Hz Open Load
Characteristic.
Upper: Vour, 10 V / div.
Lower: VDRAIN; 100 V / div., 5 ms / div.

Power Integrations, Inc.
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DER-302 7.2 W A19 LED Driver Using LNK460VG

12 Dimming Waveforms

12.1 Input Voltage and Input Current Waveforms — Chinese Dimmer

Input: 230 VAC, 50 Hz
Output: 36 V LED Load
Dimmer: CLIPMEI - China

e Vertical Timebase Trigger Display

ursors  Measure  Math  Analysis

i \
L \ ] N\ .
/ N / ln /
N 7 /
\ /
# X 7 7
S : b i
&
Measure P1rms(C1) P2rms(C4) P3:max(C1) P:min(C1) P5irms(C3) PGfreq(C4)
value 384mA 22808V 139mA 144 mA
stalus v v v v
[Timebase 0.0 md (Trigger _ GEM)
50.0 mAdiv| 5,00 msidiv] Stop. 14V
0.0 mA ofst 100 MS 20 Msis|Edge  Positive
LeCroy 11/9/2011 10:28:20 Al

Fi_gure 57 — 164° Conduction Angle.
Upper: Iy, 50 mA / div.
Lower: V|y, 100 V, 5 ms / div.

File Verlical Timebase Trigger Display Cursors Measure Math Analysis

P3:max(C1)

Measure P1ms(C1) PZrms(C4) P4min(C1) P5ms(C3) PBfreq(C4)
value — 16296V »203mA <-205mA
status T ks
rigger  EIEW
0.00 V offsef] 1.00MS 20 MS/s|Edge  Posilive
LeCroy 11/9/2011 10:33:31 AM

Figure 59 — 90° Conduction Angle.
Upper: Iy, 50 mA / div.
Lower: V|, 100 V, 5 ms / div.

\ N
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’/ 1 / 72
/- ! / /
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Measure P1ims(C1) P2rms(C4) P3:max(C1) Pa:min(C1) P5irms(C3) PGfreq(C4)
value — 21647V >203mA <-205mA
status o v © k3
[Timebase 0.0 m3 (Trigger _ GEM)
100 Vidiv 5,00 msidiv] Stop 14V
0,00V offsef] 100 MS 20 Msis|Edge  Positive
LeCroy 11/9/2011 10:32.03 A

Fi_gure 58 — 135° Conduction Angle.
Upper: iy, 50 mA / div.
Lower: V|\, 100 V, 5 ms / div.

le Vertical Timebase Trigger Display Cursors Measure Math Analysis

Measure P1ms(C1) P2rms(C4) P3:max(C1) P4aminiC1) P5:rms(C3) Péreq(C4)
value - 8128V >203mA <-205mA
status T v ¢ E

igger GOED)
100 Vidiv| 5.00 ms/div] Stop 14V
0.00 V offsel] 1.00 MS 20 MSis]Edge Positive

ﬁYra\lmnnumbel(s]|nmemenamemretrun:aledtna\lewaulo—numnennu

Figure 60 — 45° Conduction Angle.
Upper: lin, 50 mA / div.
Lower: V|\, 100V, 5 ms / div.
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DER-302 7.2 W A19 LED Driver Using LNK460VG

11-Jan-12

12.2 Output Current Waveforms — Chinese Dimmer

Input: 230 VAC, 50 Hz
Output: 36 V LED Load
Dimmer: CLIPMEI - China

Cursors Measure Math Analysis Utiliies Help

File Verlical Timebase Trigger Display

Cursors  Measure Math Analysis  Ulilities  Help

File Veical Timebase Trigger Display

3
e \ / i o
N /
1 /
/ / N /
‘ 5 . .
2 L gty r ? 20 <
7 ;i 7 = 7
A A% 7 X 7
/ /
/ N 4 ™ /
L N fi S s
L
Measure P1rms(C4) P2rms(C2) P3:mean(C2) P4pkpkIC2) P5irms(C3) PGireq(C4)
valug 22811V 20330mv 192.92 mv 190 my
status v v v v
rigoer  CHED)
100 Vidiv| 5.00 msidiv] Stop 14V
0.00 Voffsel] 1.00 MS 20 MSis|Edge  Positive

LeCroy 11/912011 10:45:42 Al

Fi_gure 61 — 164° Conduction Angle.
Upper: Iy, 50 mA / div.
Lower: V|, 100 V, 5 ms / div.

Analysis  Utilties  Help

ursors  Measure  Math

Trigger Display

File Verical Timebase

.
e L
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Y | e
X | \
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- 5 > 1 7
. / s 7
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Measure P1mms(C4) P2rms(C2) P3:mean(C2) Pd:pkpkiC2) P5:rms(C3) P6freq(C4)
value 16344V 106.58 mv 98.79mv 134 mv
status v v v v

rigger  EIEW
100 Vid 5.00 msidiv] Stop 14V
0.00 Voffsell 1.00 MS 20 MSis]Edge  Positive)

A\ Trailing number(s) in the filename were truncated to allow auto-numbering.

Figure 63 — 90° Conduction Angle.
Upper: Iin, 50 mA / div.
Lower: V|, 100 V, 5 ms / div.
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Measure P1ms(C4) P2:rms(C2) P3mean(C2) P4pkpk(C2) P5irms(C3) PGireq(C4)
value 21524V 17048 mv 159.85 my 187 mv
status v v v v

isger EOED
100 Vidiv| 5.00 msidiv] Stop 14V
0.00 V offse 1.00MS 20 MSis]Edge  Positive

A\ Trailing number(s) in the filename were truncated to allow auto-numbering.

Figure 62 — 135° Conduction Angle.
Upper: iy, 50 mA / div.
Lower: V|\, 100V, 5 ms / div.

File Verical Timebase Trigger Display Cursors Measure Math Analysis Uliities Help

i
A N
N \.
7 \ a )
= - - — N + T &l
| |
e 7 7
/ V %
Measure P1ms(C4) P2ms(C2) P3mean(C2) P4pkpkIC2) P5ms(C3) Péfreq(Cd)
value 7426V 4360mv 4153my 53mv
status v v v v
rigger  EIEW
100 Vi 5.00 msidiv] Stop 14V
0.00 V offsell 1.00 MS 20 MSis]Edge  Positive)
LeCroy 11/9/2011 10:47:56 Al

Fi_gure 64 — 45° Conduction Angle.
Upper: Iin, 50 mA / div.
Lower: V|\, 100V, 5 ms / div.
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11-Jan-12

DER-302 7.2 W A19 LED Driver Using LNK460VG

12.3 Input Voltage and Input Current Waveforms — German Dimmer

Input: 230 VAC, 50 Hz
Output: 36 V LED Load
Dimmer: BUSCH 2250 600 W - German

S AT _/_,-L\._r_

|
|

File Verical Timebase

\
X \\
= A | P I b ‘Kk ’ r -
s ! 2 !
\ v 7
- -
o \,/ \\,,/
[
Measure P1ms(C4) P2rms(C2) P3:mean(C2) P4pkpkIG2) P5irms(C3) PGireq(C4)
valug 22399V 19642 mv 184.18 mv 205mv
status v v v v
100 Vidiv| 5.00 msidiv] Stop 14V
0.00 Voffsef 1.00MS 20 MSis|Edge  Positive
LeCroy 11/912011 11:17:22 Al

Fi_gure 65 — 146° Conduction Angle.
Upper: Iy, 50 mA / div.
Lower: V|, 100 V, 5 ms / div.

le Vertical Timebase Trigger Display Cursors Measure Math Analysis

P3:mean(C1)

Measure P1rms(C4) PZrms(C1) P:pkpk(C1) P5ms(C3) Péfreq(Cd)
value 16143V - — >408mA
stalus v 9

0.00 V offsef] 1.00MS 20 MS/s|Edge  Posilive
LeCroy 11/9/2011 11:20:07 AWM

Figure 67 — 90° Conduction Angle.
Upper: Iin, 50 mA / div.
Lower: V|, 100 V, 5 ms / div.

File Verical Timebase ursors  Measure Math  Analysis

Trigger Display

X | N\ )
- | N ]
oL I 4 A t i A o <
# A 7 3 7
/ 1 / 7
7 ' : ’
S \‘/ x\//
3
Measure P1ms(C4) P2:rms(C2) P3mean(C2) P4pkpk(C2) P5irms(C3) PGireq(C4)
value 21676V 17537 mv 16420 my 194 my
status v v v v

100 Vidiv| 5.00 msidiv] Stop 14V
0.00 V offse 1.00 MS 20 MSis] Edge Positive

A Trailing number(s) in the filename were truncated to allow auto-numbering.

Figure 66 — 135° Conduction Angle.
Upper: Iin, 50 mA / div.
Lower: V|\, 100V, 5 ms / div.

e Verical Timebase Trigger Display Cursors Measure Math Analysis

Measure P1ms(C4) P2:rms(C1) P3:meaniC1) P4 pkpkiC1) P5:rms(C3) Péfreq(C4)
value 8373V - = »408mA
status v T ¢ E

100 Vidiv| 5.00 ms/div] Stop 85V
0.00 V offsel] 1.00 MS 20 MSis]Edge Positive

A\ Tralling number(s) in the filename were truncated to allow auto-numbering.

Figure 68 — 45° Conduction Angle.
Upper: Iin, 50 mA / div.
Lower: V|\, 100V, 5 ms / div.
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DER-302 7.2 W A19 LED Driver Using LNK460VG
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12.4 Output Current Waveforms — German Dimmer

Input: 230 VAC, 50 Hz
Output: 36 V LED Load
Dimmer: BUSCH 2250 600 W - German

File Verlical Timebase Trigger Display Cursors Measure Math Analysis Ullies Help

File Verical Timebase Trigger Display Cursors Measure Math Analysis Ulilities Help

3
i T s |
hN N e
Y \,
AS
= \ P N\ =
7 X 7 —- s .
/ = = /
7 7 -/
/ /
/ X # 5 va
[ \\,/" N | 27
[
Measure P1ms(C4) P2rms(C2) P3:mean(C2) P4pkpk(C2) P5irms(C3) PGireq(C4)
valug 22410V 20025mV 187.65mv 210mv
status v v v v

isgsr EOED
100 V/div| 5.00 ms/div] Stop oV
0.00 Voffsel 1.00MS 20 MSis]Edge  Positive

4\ Trailing number(s) in the filename were truncated to allow auto-numbering

Figure 69 — 146° Conduction Angle.
Upper: Iy, 50 mA / div.
Lower: V|, 100 V, 5 ms / div.

File Verical Timebase ursors  Measure  Math Analysis  Utilities  Help

Trigger Display
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Measure P1mS(C4) Parms(C2)  P3mean(C2) PaDkPKIC2) P5ms(C3) Foirea(Cd)
value 166.12V 121.09 mv 111.54 mv 148 mv
status v v v v

rigger  EIEW
100 Vid 5.00 msidiv] Stop 0V|
0.00 Voffsell 1.00 MS 20 MSis]Edge  Positive)

A\ Trailing number(s) in the filename were truncated to allow auto-numbering.

Figure 71 — 90° Conduction Angle.
Upper: Iin, 50 mA / div.
Lower: V|, 100 V, 5 ms / div.
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,,r/ \_,‘/' \.,7,//
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Measure P1ms(C4) P2:rms(C2) P3mean(C2) P4pkpk(C2) P5irms(C3) PGireq(C4)
value 218.80V 187.28 mv 17474my 204mv
status v v v v

ioger EOED
100 Vidiv| 5.00 msidiv] Stop oV
0.00 V offse 1.00MS 20 MSis]Edge  Positive

A\ Trailing number(s) in the filename were truncated to allow auto-numbering.

Figure 70 — 135° Conduction Angle.
Upper: iy, 50 mA / div.
Lower: V|\, 100V, 5 ms / div.

File Verical Timebase Trigger Display Cursors Measure Math Analysis Uliities Help

A
A N L
\ \ 1
! Ve om0 IR O AT Y] AR
e i g v ———4 7 S
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Measure P1rms(C4) P2:rms(C2) P3:mean(C2) P4 pkpkiC2) P5:rms(C3) P6freq(C4)
value 78.54V 66.00mv 61.16mv 86 mv
status v v v v

rigger  EIEW)
100 Vi 500msidiv|Stop 139
0.00 V offsell 1.00 MS 20 MSis]Edge  Positive)

A\ Trailing number(s) in the filename were truncated to allow auto-numbering.

Figure 72 — 45° Conduction Angle.
Upper: Iin, 50 mA / div.
Lower: V|\, 100V, 5 ms / div.
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DER-302 7.2 W A19 LED Driver Using LNK460VG

12.5 Input Voltage and Input Current Waveforms — Korean Dimmer

Input: 230 VAC, 50 Hz
Output: 36V LED Load
Dimmer: SS 700 W - Korean

Trigger Display Cursors Measure Math Analysis

L
P3:mean(C1)

Measure P1ms(C4) P2rms(C1) P4pkpk(C1) P5irms(C3) PGireq(C4)
valug 22545V 95mA -4 1mA 206 mA
status v v v v
100 Vidiv| 5.00 msidiv] Stop 0V|
0.00 Voffsef 1.00MS 20 MSis|Edge  Positive
LeCroy 11/9/2011 115552 Al

Fi_gure 73 — 157° Conduction Angle.
Upper: Iy, 50 mA / div.
Lower: V|, 100 V, 5 ms / div.

ursors  Measure Math  Analysis

e Veriical Timebase Trigger Display Cursors Measure Math Analysis

/ ~ /
7 7 \ 7
|- \\, . i
3
Measure P1ms(C4) P2rms(C1) P3mean(C1) P4pkpIC1) P5irms(C3) PGireq(C4)
value 217.40V 394mA -45mA »408mA

stalus v T £ T+

100 Vidiv|
0.00 V offsell

A Trailing number(s) in the filename were truncated to allow auto-numbering.

Figure 74 — 135° Conduction Angle.
Upper: Iin, 50 mA / div.
Lower: V|\, 100V, 5 ms / div.

5.00 msidiv] Stop oV
1.00 MS 20 MSis] Edge Positive

e Verical Timebase Trigger Display Cursors Measure Math Analysis

File Verlical Timebase Trigger Display

24 t K g o | 1= i o o | =
v /-
7
v /

- / // _//
Measure P1rms(C4) PZrms(C1) P3mean(C1) Papkp(C1) P5ms(C3) Péfreq(Cd)
value 16929V - — >408mA
stalus v 9

0.00 V offsef] 100 MS 20 MSis|Edge  Positive
LeCroy 11/92011 11:58:17 AWM

Figure 75 — 90° Conduction Angle.
Upper: Iin, 50 mA / div.
Lower: V|, 100 V, 5 ms / div.

P3:meaniC1)

Measure PAms(C4) P2ms(C1) P4 Dkp(C1) P5ms(C3) Péfreq(Cd)
value 89.52V - — »408mA
status v 3

0.00 V offsel] 1.00MS 20 MSis|Edge  Posilive
LeCroy 1119/2011 12:00:41 PM

Fi_gure 76 — 45° Conduction Angle.
Upper: Iin, 50 mA / div.
Lower: V|\, 100V, 5 ms / div.
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DER-302 7.2 W A19 LED Driver Using LNK460VG
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12.6 Output Current Waveforms — Korean Dimmer

Input: 230 VAC, 50 Hz
Output: 36 V LED Load
Dimmer: SS 700 W - Korea

File Verlical Timebase Trigger Display Cursors Measure Math Analysis Ullies Help

Cursors  Measure Math Analysis  Ulilities  Help

File Veical Timebase Trigger Display
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Measure P1rms(C4) P2rms(C2) P3:mean(C2) P4pkpkIG2) P5irms(C3) PGireq(C4)
valug 22556V 20072mv 188.56 mv 202mv
status v v v v
rigoer  GOED)
100 Vidiv| 5.00 msidiv] Stop 0V|
0.00 Voffsel] 1.00 MS 20 MSis|Edge  Positive
LeCroy 1119/2011 12:02:34 PM

Fi_gure 77 — 157° Conduction Angle.
Upper: Iy, 50 mA / div.
Lower: V|, 100 V, 5 ms / div.

File Verlical Timebase Trigger Display Cursors Measure Math Analysis Ulilles Help

Measure P1ms(C4) P2rms(C2) P3:meaniC2) P4:pkpkiC2) P5:rms(C3) Péfreq(C4)
value 16710V 103.95 mv/ 9551mV 136 mv
status v v v v

rigger  EIEW
100 Vid 5.00 msidiv] Stop 0V|
0.00 Voffsell 1.00 MS 20 MSis]Edge  Positive)

A\ Trailing number(s) in the filename were truncated to allow auto-numbering.

Figure 79 — 90° Conduction Angle.
Upper: Iin, 50 mA / div.
Lower: V|, 100 V, 5 ms / div.
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Measure P1ms(C4) P2:rms(C2) P3mean(C2) P4pkpk(C2) P5irms(C3) PGireq(C4)
value 21511V 16577 mv 15437 my 188 my
status v v v v

ioger EOED
100 Vidiv| 5.00 msidiv] Stop oV
0.00 V offse 1.00MS 20 MSis]Edge  Positive

A\ Trailing number(s) in the filename were truncated to allow auto-numbering.

Figure 78 — 135° Conduction Angle.
Upper: iy, 50 mA / div.
Lower: V|\, 100V, 5 ms / div.

File Verical Timebase Trigger Display Cursors Measure Math Analysis Uliities Help

Measure P1ms(C4) P2:rms(C2) P3:meaniC2) P4 pkpkiC2) P5:rms(C3) Péfreq(C4)
value 86.58V 43.55mV 4534my 62 mv
status v v v v

rigger  EIEW
100 Vi 5.00 msidiv] Stop 0V|
0.00 V offsell 1.00 MS 20 MSis]Edge  Positive)

A\ Trailing number(s) in the filename were truncated to allow auto-numbering.

Figure 80 — 45° Conduction Angle.
Upper: Iin, 50 mA / div.
Lower: V|\, 100V, 5 ms / div.
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11-Jan-12 DER-302 7.2 W A19 LED Driver Using LNK460VG

13 Conducted EMI

13.1 Test Set-up

The unit was tested using LED load (~36 V Vour) with input voltage of 230 VAC, 60 Hz at
room temperature.

-
=
A
L |
W
W

LTI

Figure 81 — EMI Test Set-up with the Unit and LED Load Placed Inside the Cone.
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13.2 Test Result

@ Power Integrations RBW 9 kHz
09.Nov 11 18:28 MT 500 ms
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Figure 82 — Conducted EMI, 36 V LED Load, 230 VAC, 60 Hz, and EN55015 B Limits.
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14 Line Surge

The unit was subjected to 2500 V 100 kHz ring wave and 500 V differential surge at
230 VAC using 10 strikes at each condition. A test failure was defined as a non-
recoverable interruption of output requiring supply repair or recycling of input voltage.

Level i Injection i Test Result
Voltage . Phase Type .
(V) (VAC) Location ©) (Pass/Fail)
+2500 230 L1, L2 0 \}Vg?,'g'(zzgng) Pass
2500 230 L1, L2 0 \}V%?,';H(ZZ(?S”E) Pass
+2500 230 L1, L2 90 \}V%?,';H(Zzggnﬁ) Pass
-2500 230 L1, L2 90 ng?/'g'(zz(%“ﬁ) Pass
Level R Injection HjECHok Test Result
Voltage . Phase Type .
(V) (VAC) Location ©) (Pass/Fail)
+500 230 L1, L2 0 Surge (2Q) Pass
-500 230 L1,L2 0 Surge (2Q) Pass
+500 230 L1, L2 90 Surge (2Q) Pass
-500 230 L1, L2 90 Surge (2Q) Pass
2011-11-10 12:41:16 Normal
YOKOGAWA 4 23 S00MS/s  SOusAliv

CHZ 100:1
6.200kV div
DC  Z20MHz

Mathi
C1-Cc2

Edge F
single
0.400kU

lax (C1) 558.33V
Max (M1) 558.Z20E+QOEU

Figure 83 — 1 kV (90° Injection Phase) Differential Surge VDS Waveforms.
M1: U1 VDS maximum voltage of <600 V.
C1: U1 Drain Voltage Reference to Output Return.
C2: U1 Source Voltage Reference to Output Return.

Design Note: For 1 kV differential surge withstand, due to higher energy vs. 500 V,
damper resistors R9 and R13 could potentially open after several strikes. An alternative
configuration can be implemented to prevent this. The MOV should be placed before the
passive damper resistors R9 and R13 and a safety fuse should be added on the line
terminal to protect against failure of the MOV.
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