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1 Introduction

The document describes a non-isolated, high efficiency, high power factor (PF) LED
driver designed to drive a nominal LED string voltage of 85 V at 200 mA from an input
voltage range of 90 VAC to 135 VAC (47 Hz — 63 Hz). The LED driver utilizes the
LNK460VG from the LinkSwitch-PL family of ICs.

The topology used is a single-stage non-isolated buck-boost that meets the stringent
space and efficiency requirements for this design. LinkSwitch-PL based designs provide
a high power factor (>0.99) meeting international requirements.

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

{  JEPOWER’
INTEGHATION§

‘LinkSwitch™ '

7

Adzl12-12

94V-0 86131
MADE IN USA
; o

Figure 2 — Populated Circuit Board, Bottom View.
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DER-323 18 W A19 LED Driver Using LNK460VG

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 90 [100/115| 135 | VAC 2 Wire —no P.E.
Frequency fLINE 60 Hz
Output
Output Voltage Vour 80 85 90 \Y
Output Current lout 200 mA
Total Output Power
Continuous Output Power Pout 18 W
Efficiency
Full Load n 86 88 % Measured at Poyr 25 °C
Environmental
Conducted EMI CISPR 15B / EN55015B
Safety Non-Isolated
Ring Wave (100 kHz)

Differential Mode (L1-L2) 25 kV
Differential Surge (1.2 / 50 ps) 1000 V
Power Factor 099 e R ™
Harmonic Currents EN 61000-3-2 Class D (C) Class C;ﬁgf}”&?j Glase P Limits
ATHD 20 % At 115 VAC
Ambient Temperature Tams 40 °C Free convection, sea level

Page 5 of 39
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3 Schematic
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Figure 3 — Schematic.

g Power Integrations, Inc.
Tel: +1 408 414 9200 Fax: +1 408 414 9201
www.powerint.com Page 6 of 39



21-Jun-12 DER-323 18 W A19 LED Driver Using LNK460VG

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 (90 VAC to 135 VAC) in a single conversion
stage. The design also supports the output voltage variation 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

Inductors L1-L3 and C1-C2 filters the input switching current presented by the buck-boost
converter to the input line. 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 as increased conducted EMI.

MOV RV1 and VR1 provide a clamp to limit the maximum voltage during differential line
surge events. The 140 V rating has a clamping voltage of <400 V providing a large
margin with respect to the 725 V rating of U1. Bridge rectifier BR1 rectifies the AC line
voltage with capacitor C1 providing a low impedance path (decoupling) for the primary
switching current. A low value of capacitance (sum of C1 and C2) is necessary to
maintain a power factor of greater than 0.9.

4.2 Power and Feedback Circuits

The circuit is configured as a buck-boost converter with the SOURCE (S) pin of U1
connected to the cathode of the freewheeling diode D2 through current sense resistors.
The current sense resistors R5, R6, and R7 are used to sense the diode current in the
buck-boost converter. The resistor value is adjusted to center the output current at 200
mA at nominal input voltage. Capacitor C4 and R4 are used to filter the high frequency
component of the diode current, which helps improve overall efficiency

The DRAIN (D) pin is connected to the positive side of the DC rectified input thru 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 C3 provides local decoupling for the BYPASS (BP) pin of U1 which is the
supply pin for the internal controller. During start-up, C3 is charged to ~6 V from an
internal high-voltage current source connected to the DRAIN pin.

4.3 Disconnected Load Protection

The system is protected by VR2 if the load is not connected. This prevents catastrophic
failure of C6 (output capacitor). Zener diode VR2 will short the output it the load is not
connected; this protection is not auto-recovering. Note that at the system level the LED
load is always connected.

Power Integrations E
Tel: +1 408 414 9200 Fax: +1 408 414 9201
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Another option shown in Figure 3A is an auto restart overvoltage protection. Zener VR2 is
connected to Voyt+ and in series with blocking diode D4. If a no-load condition occurs on
the output of the supply, the output overvoltage Zener diode (VR2 in Figure 3A) will
conduct once its threshold is reached. A voltage in excess of Vrgar) = 2 V will appear
across the FEEDBACK (FB) pin, and the IC will enter auto-restart. Note: Diode D4 is not
included in the PCB layout.
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Figure 3A — Auto-Restart Overvoltage Protection with Buck-Boost Configuration.
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Want More?
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content
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5 PCB Layout
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Figure 5 — Top Side.
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Figure 6 — Bottom Side.
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6 Bill of Materials
Item Qty Ref Des Description Mfg Part Number Mfg

1 1 BR1 800V, 1 A, Bridge Rectifier, SMD, DFS DF08S Diodes, Inc.

2 1 C1 47 nF, 630 V, Film ECQ-E6473KF Panasonic

3 1 C2 47 nF, 400 V, Film ECQ-E4473KF Panasonic

4 2 C3C4 1 pF, 16 V, Ceramic, X5R, 0603 GRM188R61C105KA93D Murata

5 1 C5 2.2 uF, 10 V, Ceramic, X7R, 0805 GRM21BR71A225MAOQ1L Murata

6 1 c6 (110(;);;6)100 V, Electrolytic, Gen. Purpose, UVZ2A101MPD Nichicon

7 1 D1 60V, 1 A, Diode Schottky, PWRDI 123 DFLS160-7 Diodes, Inc.

8 1 D2 600V, 3 A, SMC, DO-214AB STTH3R06S ST Micro

9 1 F1 5 A, 250 V, Fast, Microfuse, Axial 0263005.MXL Littlefuse

10 3 L1L2L3 1 mH, 0.23 A, Ferrite Core CTSCH875DF-102K CT Parts

11 3 R1R2R3 | 3.6 kQ, 5%, 1/8 W, Thick Film, 0805 ERJ-6GEYJ362V Panasonic

12 1 R4 3.3 kQ, 5%, 1/10 W, Thick Film, 0603 ERJ-3GEYJ332V Panasonic

13 2 R5 R6 3Q, 5%, 1/4 W, Thick Film, 1206 ERJ-8GEYJ3ROV Panasonic

14 1 R7 20 Q, 5%, 1/10 W, Thick Film, 0603 ERJ-3GEYJ200V Panasonic

15 1 RV1 140V, 22 J, 10 mm, RADIAL V140LA5P Littlefuse

16 1 T1 Bobbin, RM6, Vertical, 6 pins B65808-N1006-D1 Epcos

17 1 U1 LinkSwitch-PL, eDIP-12P LNK460VG Power Integrations

18 1 VR1 350V, 400 W, 5%, DO214AC (SMA) SMAJ350A Littlefuse

19 1 VR2 100V, 5%, 500 mW, DO-35 1N5271B-TP Micro Commercial

20 1 HS1 l?-lee;tF?llrg(l,Jsthgq, eSIP with Brackets, DER

Power Integrations, Inc.
Tel: +1 408 414 9200 Fax: +1 408 414 9201
www.powerint.com
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7 Inductor Specification
7.1 Electrical Diagram

2 O

48T
#28 AWG

6 [ ]

Figure 7 — Inductor Electrical Diagram.

7.2 Electrical Specifications

Primary Inductance glzssz,-wi all other windings open, measured at 100 kHz, 330 pH £10%
Resonant Frequency Pins 2-6, all other windings open 2 MHz (Min.)

7.3 Materials

Item Description

[1] Core: TDKPC95RMG6S/I.

[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.

7.4 Inductor Build Diagram

1L Tape
Finish (P2)

(16T per ayen) (@DQ( 1000000000000 gl
9000000000006 o
Start (P6) .QQQQQQQQQQQQQ

Figure 8 — 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 330 uH inductance. Assemble and secure halves with mounting clips.

Power Integrations E
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8 Inductor Design Spreadsheet

ACDC_LinkSwitch-PL- ACDC_LinkSwitch-PL-Buck-

Buck-Boost_121211; Boost_121211; LinkSwitch-PL

Rev.1.0; CoEyright RS LAY SR Sty Buck-Boost Transformer Design

Power Integrations 2011 Spreadsheet

ENTER APPLICATION VARIABLES

VACMIN 90 90 \% Minimum AC input voltage

VACNOM 115 \% Nominal AC input voltage

VACMAX 135 135 \% Maximum AC input voltage

FL 50 Hz Minimum line frequency

VO_MIN 80.8 \% Minimum output voltage tolerance

VO_NOM 85.00 85.00 Vv Nominal Output Voltage

VO_MAX 89.25 \% Maximum output voltage tolerance

10 0.200 0.200 A Average output current specification

n 0.88 0.880 %/100 Total power supply efficiency

Z 0.5 Loss allocation factor
Enclosure selections determine

Enclosure Retrofit Lamp Retrofit Lamp Lhoev;rgfllzcﬁtgcrjnggtsr;fﬂdL;n;);rT;:m
"Open frame"

PO 17.00 w Total output power

VD 0.4 \% Output diode forward voltage drop

LinkSwitch-PL DESIGN VARIABLES

Device LNK460 LNK460 Chosen LinkSwitch-PL Device

TON 279 us Ilii:gzcr:]tgcli:%n-tlme of MOSFET at low

FSW 122.8 KkHz I_Expected switching frequency at low
line and PO

Duty Cycle 334 % Ilif:ge;tg(é)gperating duty cycle at low
Estimated worst case drain voltage at

VDRAIN 301 v VACMAX and VO_MAX )

IRMS 0.317 A No_minal RMS current through the
switch

IPK 1.444 A Worst Case Peak current

ILIM_MIN 1.637 A Minimum device current limit
LinkSwitch-PL must operate in

KDP 1.05 discontinuous mode (KDP > 1),
change the device

LinkSwitch-PL EXTERNAL COMPONENT CALCULATIONS

RSENSE 1.450 Ohms Output current sense resistor

Standard RSENSE 1.47 Ohms Closest 1% value for RSENSE

PSENSE 58.0 mwW Power dissipated by RSENSE

ENTER INDUCTOR CORE/CONSTRUCTION VARIABLES

Core Type RM6S/I RM6S/I Core Type

AE 37.00 mm*2 Core Effective Cross Sectional Area

LE 29.20 mm Core Effective Path Length

AL 2150 nH/TA2 Ungapped Core Effective Inductance

BW 6.3 mm Bobbin Physical Winding Width

L 3 3 Number of winding layers

TRANSFORMER PRIMARY DESIGN PARAMETERS

LP 330.0 uH Primary Inductance

LP Tolerance 10 % Tolerance of Primary Inductance

N 48.00 48 Turns Number of Turns

ALG 143 nH/TA2 Gapped Core Effective Inductance

BM 2684 Gauss Operating Flux Density
Worst case AC Flux Density for Core

BAC 1342 Gauss Loss Curves (0.5 X Peak toyPeak)

E

Power Integrations, Inc.
Tel: +1 408 414 9200 Fax: +1 408 414 9201
www.powerint.com
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Il Reduce peak flux density (BP <

BP Warning 4257 Gauss 3600 G) by increasing NP, selecting
a bigger core or decreasing KDP
LG 0.325 mm Gap Length (Lg > 0.1 mm)
BWE 18.9 mm Effective Bobbin Width
L_IRMS 0.542 A RMS Current through the inductor
oD 0.39 mm _MaX|rr_1um_ Prlma_ry Wire Diameter
including insulation
Estimated Total Insulation Thickness
INS 0.06 mm (= 2 * film thickness)
DIA 0.33 mm Bare conductor diameter
Primary Wire Gauge (Rounded to
AWG 28 AWG next smaller standard AWG value)
cM 161 Cmils Bare conductor effective area in
circular mils
. Primary Winding Current Capacity
CMA 297 Cmils/Amp (200 < CMA < 500)
. Inductor Winding Current density (3.8
A
Current Density (J) 6.69 A/mmA2 <J< 9.75 Ammr2)
Output Parameters
10 0.200 A Expected Output Current
PIVD 401.7 v Peak Inverse Voltage at VO_MAX on

output diode

Note: The peak flux density warning (BP) can be ignored for this design. The spreadsheet BP calculation
assumes that the LNK460VG will operate at I, muax) during start-up. In practice, due to the internal soft-start
function this current level is not reached and therefore no core saturation occurs. This was confirmed in
both Figures 38 and 39 for normal start-up and Figures 41 and 43 for start-up with a shorted output (fault
condition). In all cases, the peak drain current is below the absolute maximum data sheet specification

Page 15 of 39
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9 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 80 V to 90 V. Refer to
the table in Section 8.6 for the complete set of test data values.

9.1 Efficiency

90.5

==90 V
=B=85
89.5 A =80V

90.0 ¢

89.0 1§

oy
oo
o

Efficiency (%)
&
o

®
~
o

87.0 1

86.5 1§

86.0 v T Y " ' ' ' r r r
85 90 95 100 105 110 115 120 125 130 135 140

Input Voltage (VAC)

Figure 9 — Efficiency vs. Line and Load.
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9.2 Line and Load Regulation

218
==90 V
216 =85V
=2=80 V
214 -

N
-
N

Output Current (mA)
s N
& o

206 1

204 1

202 " r v ” ” " r r r v
85 90 95 100 105 110 115 120 125 130 135 140
Input Voltage (VAC)

Figure 10 — Regulation vs. Line and Load.
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9.3 Power Factor

1.000
=90 V
=B=85 V
0.995 1 w50 v
5
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a Y
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Figure 11 — Power Factor vs. Line and Load.
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9.4 A-THD

30

25 1

20 1

A-THD (%)
o

10 »
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Figure 12 — A-THD vs. Line and Load.
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9.5 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'. The limits shown in the charts below are Class D limits.

9.5.1 80V LED Load

140

m Class C (D) Limit
EmA Content

120 »

Harmonic Current (mA)
B (o} o 3
o o o o

N
o

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

Figure 13 — 80 V LED Load Input Current Harmonics at 115 VAC, 60 Hz.

' TEC6000-3-2 Section 7.3, table 2, column 2.
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9.5.2 85V LED Load

160

mClass C (D) Limit
EmA Content

140 +

120 1

100 1

Harmonic Current (mA)
(@) oo
(@) o

N
o

N
o

3 5 7 9 11 13 156 17 19 21 23 25 27 29 31 33 35 37 39
Harmonic Number (n)

Figure 14 — 85 V LED Load Input Current Harmonics at 115 VAC, 60 Hz.
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9.5.3 90V LED Load

160
m Class C (D) Limit
EmA content

140 +o

120 +o

100

Harmonic Current (mA)
(o)) [0}
o o

N
o

N
o

3 56 7 9 11 13 15 17 19 21 23 25 27 29 31 33 35 37 39
Harmonic Number (n)
Figure 15 — 90 V LED Load Input Current Harmonics at 115 VAC, 60 Hz.
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9.6 TestData

All measurements were taken with the board in an open frame configuration, 25 °C
ambient, and 60 Hz line frequency.

9.6.1 Test Data, 80 V LED Load

Input Input Measurement Load Measurement Calculation
VAC | Freq Vin I Py Vour lout Pour Pca. | Efficiency | Loss
(Vrms) | (Hz) | (Vrws) | (MArws) | (W) (Voc) (mAoc) W) W) (%) W)
90 60 89.88 | 226.36 | 19.902 | 0.978 | 20.84 79.6000 | 214.800 | 17.280 | 17.10 86.83 2.62
100 60 99.93 189.36 | 18.797 | 0.993 11.39 79.4000 | 206.700 | 16.550 | 16.41 88.05 2.25
115 60 114.96 | 161.94 | 18.585 | 0.998 5.08 79.4000 | 207.100 | 16.560 | 16.44 89.10 2.03
135 60 134.96 | 135.97 | 18.297 | 0.997 6.64 79.4000 | 205.300 | 16.430 | 16.30 89.80 1.87

PF %ATHD

9.6.2 Test Data, 85V LED Load

Input Input Measurement Load Measurement Calculation
VAC Freq V|N IIN P|N PF % ATHD VOUT |ou'|' POUT PCAL Efficiency Loss
(Vemws) | (Hz) | (Verms) | (MArus) | (W) (Vnc) (mAoc) (W) W) (%) (W)

90 60 89.89 237.42 ] 20.925 | 0.981 19.57 84.7000 | 212.800 | 18.200 | 18.02 86.98 2.73
100 60 99.94 201.39 | 20.015 ] 0.995 10.2 84.6000 | 207.100 | 17.660 | 17.52 88.23 2.36
115 60 114.96 | 172.82 | 19.834 ] 0.998 5.01 84.6000 | 207.900 | 17.730 | 17.59 89.39 2.10
135 60 134.96 | 145.28 ] 19.555 ] 0.997 6.25 84.6000 | 206.100 | 17.560 | 17.44 89.80 2.00

9.6.3 Test Data, 90 V LED Load

Input Input Measurement Load Measurement Calculation
VAC | Freq Vin Iin P Vour lout Pour Pca. | Efficiency | Loss
| (Vews) | (Hz) | (Vrws) | (MArws) | (W) (Voc) (mAoc) W) W) (%) W)
90 60 89.87 248.13 | 21.931 | 0.984 18.05 89.6000 | 211.100 | 19.070 | 18.91 86.95 2.86
100 60 99.93 219.81 | 21.811 | 0.993 11.65 89.5000 | 212.800 | 19.200 | 19.05 88.03 2.61
115 60 114.95 | 179.72 | 20.630 | 0.999 4.51 89.4000 | 204.800 | 18.420 | 18.31 89.29 2.21
135 60 134.95 | 156.68 | 21.096 | 0.998 5.63 89.5000 | 210.400 | 18.960 | 18.83 89.87 2.14

PF %ATHD
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9.6.4 115VAC 60 Hz, 80 V LED Load Harmonics Data

\" Freq 1 (mA) P %THD
115 60.00 161.94 18.5850 5.08
nth mA % Limit Remarks

Order | Content | Content | <25 W

1 161.63

2 0.09 0.06%

3 410 2.54% | 126.3780 Pass

5 1.09 0.67% 70.6230 Pass

7 2.37 1.47% 37.1700 Pass

9 1.32 0.82% 18.5850 Pass
11 0.63 0.39% 13.0095 Pass
13 3.10 1.92% 11.0080 Pass
15 0.56 0.35% 9.5403 Pass
17 0.69 0.43% 8.4179 Pass
19 2.09 1.29% 7.5318 Pass
21 0.88 0.54% 6.8145 Pass
23 1.47 0.91% 6.2219 Pass
25 1.77 1.10% 5.7242 Pass
27 0.63 0.39% 5.3002 Pass
29 3.28 2.03% 4.9346 Pass
31 1.53 0.95% 4.6163 Pass
33 0.70 0.43% 4.3365 Pass
35 0.81 0.50% 4.0887 Pass
37 0.76 0.47% 3.8677 Pass
39 0.66 0.41% 3.6693 Pass

E

Power Integrations, Inc.

Tel: +1 408 414 9200 Fax: +1 408 414 9201
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9.6.5 115 VAC 60 Hz, 85V LED Load Harmonics Data

\" Freq 1 (mA) P %THD
115 60.00 172.82 19.8340 5.01
nth mA % Limit Remarks

Order | Content | Content | <25 W

1 172.50

2 0.23 0.13%

3 4.45 2.58% | 134.8712 Pass

5 1.68 0.97% 75.3692 Pass

7 3.00 1.74% 39.6680 Pass

9 0.20 0.12% 19.8340 Pass
11 1.34 0.78% 13.8838 Pass
13 2.30 1.33% 11.7478 Pass
15 0.54 0.31% 10.1815 Pass
17 0.63 0.37% 8.9836 Pass
19 2.18 1.26% 8.0380 Pass
21 1.46 0.85% 7.2725 Pass
23 1.08 0.63% 6.6401 Pass
25 2.32 1.34% 6.1089 Pass
27 0.98 0.57% 5.6564 Pass
29 3.33 1.93% 5.2663 Pass
31 0.91 0.53% 4.9265 Pass
33 0.55 0.32% 4.6279 Pass
35 0.77 0.45% 4.3635 Pass
37 0.68 0.39% 4.1276 Pass
39 1.01 0.59% 3.9159 Pass
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9.6.6 115VAC 60 Hz, 90 V LED Load Harmonics Data

\" Freq 1 (mA) P %THD
115 60.00 179.72 | 20.6300 4.51
nth mA % Limit Remarks

Order | Content | Content <25W

1 179.46

2 0.19 0.11%

3 2.76 1.54% | 140.2840 Pass

5 0.92 0.51% 78.3940 Pass

7 2.74 1.53% 41.2600 Pass

9 0.62 0.35% 20.6300 Pass
11 2.23 1.24% 14.4410 Pass
13 1.38 0.77% 12.2193 Pass
15 0.66 0.37% 10.5901 Pass
17 1.27 0.71% 9.3442 Pass
19 2.06 1.15% 8.3606 Pass
21 1.92 1.07% 7.5643 Pass
23 2.25 1.25% 6.9066 Pass
25 1.65 0.92% 6.3540 Pass
27 3.03 1.69% 5.8834 Pass
29 2.03 1.13% 5.4776 Pass
31 0.21 0.12% 5.1242 Pass
33 0.52 0.29% 4.8137 Pass
35 0.88 0.49% 4.5386 Pass
37 0.70 0.39% 4.2933 Pass
39 1.49 0.83% 4.0731 Pass

E
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10 Thermal Performance

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

Figure 16 — Top Side.
U1- LNK460VG: 72.3 °C. R5- Current Sense Resistor: 74.4 °C.

Figure 17 — Bottom Side.

Power Integrations
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11 Waveforms

11.1 Input Voltage and Input Current Waveforms

i A
2 i le | i
ut it
- T - ry
Measure P1'mean(C4) P2ms(C2) P3max(C2y Pé:man(C4) PE--- PE-- - Measure P1:mean(C4) P2ms(C2 Pamax(C) Pamax(C4) P5:--- PE---
value “212mA 22V 10V value -210ma 23V v
status v v

v v status

Figure 18 — 90 VAC, Full Load. Figure 19 — 100 VAC, Full Load.

Upper: Vi, 100 V / div. Upper: Vi, 100 V / div.

Lower: Iy, 200 mA, 10 ms / div. Lower: Iy, 200 mA, 10 ms / div.
S R v p — s : : Y v v
Figure 20 — 115 VAC, Full Load. " Figure 21 — 135 VAC, Full Load.

Upper: Iy, 100V / div. Upper: Vin, 100 V / div.

Lower: V|, 200 mA, 10 ms / div. Lower: |y, 200 mA, 10 ms / div.

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

S e N s RS

Measure Pimean(C4) Prmedian(C2) P3pkpk(C2) PA:nanECQJ Po--- Phi--- Measure P1:mean(C4) PZmedian(C2 P3pkpk(C2) Ptnmklcz) PS--- PG --
value 1884 mA 8561V 154V 371 mA Yalue 187.4 mA 8568V 147V 352 mA
v Cd v b o L4 v v
Figure 22 — 90 VAC, 60 Hz Full Load. Figure 23 — 100 VAC, 60 Hz Full Load.
Upper: Vour, 20 V / div. Upper: Vour, 20 V / div.
Lower: loyt, 200 mA, 5 ms / div. Lower: loyt, 200 mA, 5 ms / div.

Measure P1mean(C4) PZmedian(C2) P3:pkpk(C2) Fl'nKﬂK[C:J P5--- PE-- - Measure P1:meaniC4) P2median(C2 P3:pkpk(C2) PAnKDK(C:) P&--- P6---
value 1926 mA B5 7TV 140y 3313 mA value 1835 mA 8573V 134V 301 mA
status v v v v status v v v v
r - 250 45 <iive 5 - 2500
Figure 24 — 115 VAC, 60 Hz Full Load. Figure 25 — 135 VAC, 60 Hz Full Load.
Upper: Vour, 20 V / div. Upper: Vout, 20V / div.
Lower: loyt, 200 mA, 5 ms / div. Lower: loyt, 200 mA, 5 ms / div.
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11.3 Output Current/Voltage Rise and Fall

el I

P1 m:aang(i:z P2 med;ﬂnnége Pa‘ukf;;[gi) Pdu;ﬂz(fnli P5--- Péi--- :ll;ua:ue P1 rg:??nz(m P2 mad{‘;aznl((u:e P3Ankn2i;(§2‘3 P4n:n5:((::j Pg=-- PG---
Figure 26 — 90 VAC Output Rise. Figure 27 — 90 VAC Output Fall.
Upper: Vour, 20 V / div. Upper: Vour, 20 V / div.
Lower: loyt, 200 mA, 100 ms / div. Lower: loyt, 200 mA, 100 ms / div.

=

N S

Measure Prmean(C4) P2median(C2) P3:pkpk(C2) PapkpkiC4) PG P~ Measure Pr:mean(C4y PZmedian(C2) P3pkokiC2) P4pkpkiC4) LERE P~
vvvvv 1046 mA 6974V 954V 384 mA A 8251V 198V
status v v v v v ' v

widiv
i

Figure 28 — 135 VAC Output Rise. " Figure 29 — 135 VAC Output Fall,
Upper: Vour, 20 V / div. Upper: Vour, 20 V / div.
Lower: loyt, 200 mA, 100 ms / div. Lower: loyt, 200 mA, 100 ms / div.
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11.4 Input Voltage and Output Current Waveform at Start-up

o

R e ————

Figure 30 — 90 VAC, 60 Hz. Figure 31 — 100 VAC, 60 Hz.
Upper: loyt, 0.1 A/ div. Upper: Vi, 100 V / div.
Lower: Vi, 50 V, 100 ms / div. Lower: loyt, 200 mA, 100 ms / div.

&

st R, - | MMWVMVMVMVMVMVMVMUMUMVMVL

\
\
[y
\
\
\
\
N
|
\
\

&

Measure Flmean(Cs) P2 merﬂ ch) P3:pkpk(C2) P4 DKpKIC) P&--- Ph--- Measure Pimean(C4  P2median(C2) F'SpkpktCZJ P4 0kpK(C4) P&=--- PEi---
value 2132mA 7.0V 403 mA value 2163 mA 3 my T8 mA

status v v v v v v J v

Figure 32 — 115 VAC, 60 Hz. Figure 33 — 135 VAC, 60 Hz.
Upper: Vin, 100 V / div. Upper: Vi, 100 V / div.
Lower: loyt, 200 mA, 100 ms / div. Lower: loyt, 200 mA, 100 ms / div.
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11.5 Drain Voltage and Current at Normal Operation

0
PIpkpk(C2)

Measure Pi:mean(C4) P2median(C2) P pkpk(C4) P5--- Ph---
value 296 mA 735 my 70V 1894
status v v v v

Figure 34 — 90 VAC, 60 Hz.
Upper: Vpran, 100 V / div.
Lower: Iprain, 500 MmA, 5 ms / div.

imehase 10009 (Trigger  EIED)
500msidv|Slop 160 mA
500 M5 100 Ms/s|Edge  Negative

1
-830 MV

Measure

i
Pimean(C4  Pmedian(C2) P3PKRK(C2) P4DKpK(C4) P&:-- P

value 298 mA 735 mV 70V 1894

status v v v v

imebase 10049

500 m:
5.00 MS 100 MS/s | Edg

1.00 vidiv|
-880 mV ofst]

Figure 35 — 90 VAC, 60 Hz.
Upper: Vpran, 100 V / div.
Lower: Iprain, 500 mA, 5 us / div.

&
Measure Plmean(Cy)  PZmedian(C2) P3:pkpk(C2) P4 0kpK(CA) P&--- Ph---
value A 754 my 7.0V 1604
status v v v v

Figure 36 — 135 VAC, 60 Hz.
Upper: VDRAIN 100 V / div.
Lower: Iprain, 500 MmA, 5 ms / div.

mahase 10019 (Trigger GIGD)
500 msfd]Stop 160 mal
500 M8 100 WSfs)Edge  Nepativel

Measure
value
status v v v v

Figure 37 — 135 VAC, 60 Hz.
Upper: VDRAIN, 100 V / div.
Lower: Vpran, 500 mA, 5 us / div.

i
Pimean(C4)  P2median(C2) P3pkpK(C2) P4 0kpK(C4) P&=--- PEi---
mA 754 mv 70V 1604

Power Integrations, Inc.
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11.6 Start-up Drain Voltage and Current

i
= W
i |
Measure P1:mean(C4) P2median(C2) P3pKPKICD) P4pkpk(C4) P5:--- PB:
value 185 mA 73mV TV 1834
v v v

status v

Figure 38 — 90 VAC, 60 Hz.
Upper: VDRAIN; 100 V / div.
Lower: Iprain, 500 mA, 100 ms / div.

Measure

value
status

1,00 Vidiv]
890 mV ofst}

Pimean(Cd)  P2median(C2) P3pkpk(C2) P4 pkpkCA) P5---
166 mA nEmy 58V 216A
v v v v

Figure 39 — 135 VAC, 60 Hz.

Upper: VDRAIN: 100 V / div.
Lower: lprain, 500 mA, 100 ms / div.

11.7 Drain Current and Drain Voltage During Output Short Condition

=
Measure P1:mean(C4) P2median(C2) PIpkpk(C2) P4 pkpkiCa) P5- .- [
value 9 mAa 801 mv Tov 163A
status v v v v
5.00 msidiv| Stop 315 maA|
-89 500 MS 100 MS/sjEdge  Megative]

Figure 40 — 90 VAC, 60 Hz Output Short Condition.

Upper: VDRAIN; 100 V / div.
Lower: Iprain, 500 mA, 5 ms / div.

P2imedian(C2) PAPIDKCH) P5i---
160 A
v

P3pkpk(C2)
802 mV 70V
v

Measure
value
status

PAmeanicd)
mA
v

Figure 41 — 90 VAC, 60 Hz Output Short Condition.
Upper: VDRAIN; 100 V / div.
Lower: Iprain, 500 mA, 20 ps / div.

Page 33 of 39

Power Integrations
Tel: +1 408 414 9200 Fax: +1 408 414 9201
www.powerint.com



DER-323 18 W A19 LED Driver Using LNK460VG

21-Jun-12

A
i ’.,,:, H 1T et 01 ‘l..\.‘ 1l ‘» il
ﬁ LU H ML W w||||‘| il
TF T 2 ¥ —
]
Measure P1:mean(C4) P2median(C2) P3:pkpk(C2) P4 pkpk(C4) PS.-- P~ -
valug 93Ima 752 my T0V 1.70A
status v v v v

(Tbase 151 m3 (Trigger (¢
1.00 Vid| 500msidviStop 315 mA|
-890 mV ofst 5.00 MS 100 MS/sEdge Negatie]

Figure 42 — 135 VAC, 60 Hz Output Short Condition.
Upper: VDRAIN; 100 V / div.
Lower: Iprain, 500 MmA, 5 ms / div.

11.8 Open Load Output Voltage

S
N

atlili " Pl ‘||l||||||||||l'\lll.,

—
lm | ‘| i
Measure P1meaniC)y P2:median(C2) P3:pkpk(C2) P4 pkpk(C4) 17 PBi-- -
valug 93 mA 752 mv 7OV 1.70A
status v v

1.00 Widiv

-890 mV ofst]

Figure 43 — 135 VAC, 60 Hz Output Short Condition.
Upper: VDRAIN; 100 V / div.
Lower: IDRAle 500 mA, 20 us / div.

Y

Measure Fi:mean(C4y P2median(CH P3pkpkiC2) Pa:pkpk(C4) P§--- P6=--
valug 1250mé 215V 163V 154k
slalus v v v v

Figure 44 — 90 VAC, 60 Hz Open Load.
Upper: Vout, 100 V / div.
Lower: Viy, 100 V / div., 1 s/ div.

[y
Plmax(C2)

Measure P2median(CI) PIpkOKICT) P4:pkK(CE) P P -
value nrv 1003V 125V 96 mA
v v v v

1.00 Vidiv
-70 mV ofsi]

Figure 45 — Auto-Restart Overvoltage Protection
Circuit in Figure 3A. 90 VAC, 60 Hz.
Upper: Vour, 50 V / div.
Lower: Vi, 100 V / div., 200 ms / div.
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11.9 Brown-in and Brown-out Condition

-—-——_-

P4 pkpk(C4) [ Pl - Measure Pl mean(C4)  PZmedianiCd P3 FKDKECZJ P4pkpk(C4)
value 2730 mA 54V 45 mA
v v ./ v

Measure P\ mean(C4) P2imedian (CZ) F‘Snknk(cm

value 197.0 mA 458 MA
v / J o

Figure 45 -0 VAC — 115 VAC, 3 V / us Slew Rate. Figure 46 — 115 VAC — 0 VAC, 3 V / us Slew Rate.
Upper: lout, 100 mA / div. Upper: lout, 100 mA / div.
Lower: Vinac, 50V, 5 s/ div. Lower: Vinac, 50V, 5 s/ div.
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12 Conducted EMI

®

dBuv

9 kHz
500 ms

Power Integrations RBW

23.Mar 12 14:04 MT
Att 10 dB AUTO

EN550150

LIMIT CHECK BASS

2 av
CLRWR

i
=
b

>

9 kHz

30 MHz

TDF

6DB

gnd
gnd
gnd
gnd
gnd
gnd
gnd
gnd
gnd
gnd
gnd
gnd
gnd
gnd
gnd
gnd
gnd
gnd
gnd

EDIT PEAK LIST (Final rement R
Tracel: ENS550159
Tracez: EN55015A
Trace3: ——=
TRACE FREQUENCY LEVEL dBuvV
Z Average 43.26 N
1 guasi Peak 172.421131986 kH:z 50.76 L1
1 @Quasi Peak 254.,165871602 kH:z 53.38 N
2 Average 256.711570318 kH:z 45.48 N
2 Average 386.030632509 kH:z 32.71 11
2 Averadge 510.05878768 kHz 36.38 L1
1 @Quasi Peak 525.514079005 kH:z 45.54 L1
1 guasi Peak 654.11570866 kH=z 44.26 L1
2 Averadge 654,11570866 kHzZ 33.17 L1
1 @Quasi Peak 782.418853721 kH:z 45.33 L1
2 Average 782.4186853721 kH:z 32.22 L1
2 Averadge 890.465639904 kH:z 36.82 L1
1 @Quasi Peak 917.447639259 kH:z 43.74 L1
2 Average 1.01343296123 MH:z 34.06 L1
1 @Quasi Peak 1.044140959339 MH:z 43.16 L1
1 @Quasi Peak 1.13065507631 MH:z 45.75 L1
1 guasi Peak 1.26143607964 MH:z 42.39 L1
1 @Quasi Peak 1.7002252517 MHZ 41.18 L1
2 Average 18.8920426529 MH:z zg8.81 L1
2 Averadge 21.2880265316 MH:z 29.75 L1

gnd

DELTA LIMIT dB

-14.
-8.
6.

-15.
-9.

-10.

-11.

-1z.

-10.

-13.
-9.
=7

-11.
=7,
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-14.

-21.

-20.

o8
23
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43
61
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5
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Z4
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18
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Figure 47 — Conducted EMI, 85 V LED Load, 115 VAC, 60 Hz, and EN55015 B Limits.
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13 Line Surge

The unit was subjected to +2500 V 100 kHz ring wave and =1 kV differential surge at 115
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 115 L1, L2 0 Jffé'?io%'?% Pass
-2500 115 L1, L2 0 J\?;)VE%O%'%; Pass
+2500 115 L1, L2 90 J\?;’VEH(EO%'QS Pass
-2500 115 L1, L2 90 J\?a(’vz'*éo%'r/‘g Pass
Level R Injection HjECHok Test Result
Voltage . Phase Type .
(kV) (VAC) Location ©) (Pass/Fail)
+1 kV 115 L1, L2 0 Surge (2 Q) Pass
-1 kV 115 L1,L2 0 Surge (2 Q) Pass
+1 kV 115 L1,L2 90 Surge (2 Q) Pass
-1 kV 115 L1,L2 90 Surge (2 Q) Pass

e Verical Timebase

Math1

Trigger Display Cursors

Measure Math Analysis Ulilities Help

ma

Measure
value
status

LeCroy

P1:mamxiC3)

567V
v

C2

Y
P2Zman(C3)

P3:mamiF1)
Ay
4

P4 -- P - -

imehase  -9.6 pg
1

P& - -

rgger ()

Figure 48 — 1 kV (90° Injection Phase) Differential Surge Vps Waveforms.
U1 Vps Maximum Voltage, 567 V.
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Phone: +86-021-6354-6323
Fax: +86-021-6354-6325

e-mail: chinasales@powerint.com

CHINA (SHENZHEN)
3" Floor, Block A, Zhongtou

International Business Center, No.
1061, Xiang Mei Road, FuTian District,

ShenZhen, China, 518040
Phone: +86-755-8379-3243
Fax: +86-755-8379-5828

e-mail: chinasales@powerint.com

Phone: +91-80-4113-8020
Fax: +91-80-4113-8023
e-mail:
indiasales@powerint.com

ITALY

Via Milanese 20, 3". FI.
20099 Sesto San Giovanni
(M) Italy

Phone: +39-024-550-8701
Fax: +39-028-928-6009
e-mail:
eurosales@powerint.com

Seoul, 135-728 Korea
Phone: +82-2-2016-6610
Fax: +82-2-2016-6630

e-mail: koreasales@powerint.com

SINGAPORE

51 Newton Road,

#19-01/05 Goldhill Plaza
Singapore, 308900

Phone: +65-6358-2160

Fax: +65-6358-2015

e-mail:
singaporesales@powerint.com

Phone: +44 (0) 1252-730-141
Fax: +44 (0) 1252-727-689
e-mail:
eurosales@powerint.com

APPLICATIONS HOTLINE
World Wide +1-408-414-
9660

APPLICATIONS FAX
World Wide +1-408-414-
9760
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