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Figure 1 — Populated Circuit Board.
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Figure 3 — Populated Circuit Board, Bottom View.
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Figure 4 — Schematic Diagram for 30 V / 480 mA.

Notes for 40 V / 350 mA:
1. Replace transformer T1 (620 xH inductance and bias winding of 22 turns).Refer to addendum
section for more details.
2. Change R7 to 90.9 k2/ 1%.
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DER-341 14.5 W A19 LED Driver Using LNK407EG 14-Sep-12
6 B
Iltem | Qty Part Ref | Description Mfg Part Number Mfg
1 1 BR1 é(())ol(c):v 0.8 A, Bridge Rectifier, SMD, MBS-1, 4- B10S-G Comchip Technology
2 1 Cl 22 nF, 400 V, Film ECQ-E4223KF Panasonic
3 1 Cc2 100 nF, 250 V, Film ECQ-E2104KB Panasonic
4 1 C3 1.0 pF, 250 V, Ceramic, X7R, 2220 C5750X7R2E105K TDK
5 1 c4 10 pF, 10 V, Ceramic, X5R, 0603 C1608X5R1A106M TDK
6 | 1 cs (15?( ;‘5) 50V, Electrolytic, Low ESR, 220 mQ, ELXZ500ELL101MH12D | Nippon Chemi-Con
7 1 C6 1 pF, 100 V, Ceramic, X7R, 1206 C3216X7R2A105K TDK
8 1 C8 220 nF, 250 V, Film ECQ-E2224KF Panasonic
9 1 C9 10 pF, 25V, Ceramic, X5R, 1206 ECJ-3YB1E106M Panasonic
10 | 1 pr | 39 1A Rectfier, Glass Passivated, DFLR1600-7 Diodes, Inc.
11 1 D2 DIODE ULTRA FAST, GPP, 400 V, 1A SMA US1G-13-F Diodes, Inc.
12 1 D3 60V, 1 A, Schottky, DO-214AC SS16-E3/61T Vishay
13 3 D4 D5 D6 | 100V, 0.2 A, Fast Switching, 50 ns, SOD-323 BAV19WS-7-F Diode Inc.
14 1 F1 3 A, 125V, Fast, Microfuse, Axial MQ3 Bel Fuse
15 2 J1J2 PCB Terminal Hole, 22 AWG N/A N/A
16 2 LN Test Point, BLK, Miniature THRU-HOLE MOUNT 5001 Keystone
17 3 L1L2L3 1.5 mH, 0.19 A, Ferrite Core CTSCH875DF-152K CT Parts
18 1 Q1 PNP, Small Signal BJT, 500 V, 0.15 A, SOT23 FMMT560TA Zetex
19 3 R1R2 R4 | 10 kQ, 5%, 1/8 W, Thick Film, 0805 ERJ-6GEYJ103V Panasonic
20 2 R3R12 | 2 MQ, 1%, 1/8 W, Thick Film, 0805 ERJ-6ENF2004V Panasonic
21 1 R5 1.50 MQ, 1%, 1/16 W, Thick Film, 0603 ERJ-3EKF1504V Panasonic
22 1 R6 24.9 kQ, 1%, 1/16 W, Thick Film, 0603 ERJ-3EKF2492V Panasonic
23 1 R7 71.5 kQ, 1%, 1/16 W, Thick Film, 0603 ERJ-3EKF7152V Panasonic
24 1 R8 34.8 kQ, 1%, 1/16 W, Thick Film, 0603 ERJ-3EKF3482V Panasonic
25 1 R9 90.9 kQ, 1%, 1/16 W, Thick Film, 0603 ERJ-3EKF9092V Panasonic
26 1 R10 47 kQ, 5%, 1/4 W, Thick Film, 1206 ERJ-8GEYJ473V Panasonic
27 1 R11 510 kQ, 5%, 1/4 W, Thick Film, 1206 ERJ-8GEYJ514V Panasonic
28 2 R13 R14 | 1kQ, 5%, 1/2 W, Thick Film, 1210 ERJ-14YJ102U Panasonic
29 1 R16 1.8 kQ, 5%, 1/8 W, Thick Film, 0805 ERJ-6GEYJ182V Panasonic
30 1 RV1 140V, 12 J, 7 mm, RADIAL V140LA2P Littlefuse
31 1 Tl Bobbin, RM6, Vertical, 6 pins B65808-N1006-D1 Epcos
32 1 Ul LinkSwitch-PH, eSIP LNK407EG Power Integrations

Note for 40V/350mA version:

23 1 R7

90.9 kQ, 1%, 1/16 W, Thick Film, 0603

ERJ-3EKF9092V

Panasonic

31 1 T1

Bobbin, RM6, Vertical, 6 pins

Custom for 40V/350mA

Epcos
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Figure 7 — Inductor Electrical Diagram.
12 EffHE
Primary Inductance Pins 1-2 all other windings open, measured at 66 kHz, 470 pH 7%
Resonant Frequency Pins 1-2, all other windings open 1.8 MHz (Min.)
73 HH
Iltem Description
[1] Core:RM6S PC40 or equivalent.
[2] Bobbin:B-RM6-V 6pins 3/3.
[3] Magnet Wire, #27 AWG, solderable double coated.
[4] Magnet Wire, #33 AWG, solderable double coated.
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Figure 8 — Inductor Build Diagram.

15 AEIRBEMEE

For the purpose of these instructions, bobbin is oriented on winder such that pin 1 side
General Note | . .
is on the right.
WD1 Start at pin 2. Wind 60 turns of item [3] as shown in Figure 2. Terminate at pin 1.
WD2 Start at pin 5. Wind 30 turns of item [4] and terminate the other end at pin 4.
Finish Grind the core to get the specified inductance.Place the clip to secure both cores.Cut
pins 3 and 6.
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8 AUFVEDERE

HES—h

ACDC_LNK-
PH_Buck_032811;
Rev.1.0; Copyright INPUT OUTPUT UNIT LNK-PH_032811:LinkSwitch-PH Buck Design Spreadsheet
Power Integrations
2011
ENTER APPLICATION VARIABLES
Dimming required YES Select "YES" option if dimming is required.Otherwise select "NO".
VACMIN 90 90 \Y Minimum AC Input Voltage
VACMAX 132 132 \Y Maximum AC input voltage
fL 69 69 Hz AC Mains Frequency
VO 30.00 Y Typical output voltage of LED string at full load
Maximum LED string Voltage.Ensure that the maximum LED strin
VO_MAX 37.50 v voltage is below VO%MAX ’ K
VO_MIN 23.68 Vv \I\//I(:Ir:ziirggr;ﬁsI;llf)lgvztrivnog_\’/vtl)lllt\lage.Ensure that the minimum LED string
V_OVP 41.25 \Y Over-voltage setpoint
10 0.48 Typical full load LED current
PO 14.4 Watts Output Power
n 0.90 0.90 Estimated efficiency of operation
ENTER LinkSwitch-PH VARIABLES
Selected Linkswitch-PH device.lf Dimming is required, select device
LNK-PH L7 from LNK40X family, Otherwise select desice frgm LNK41X family
Current Limit Mode RED flfrlreec;t"lli?nl]iilt);]fgééeduced Current Limit mode or "FULL" for Full
ILIMITMIN 1.420 A Minimum current limit
ILIMITMAX 1.660 A Maximum current limit
fS 66000 Hz Switching Frequency
fSmin 62000 Hz Minimum Switching Frequency
fSmax 70000 Hz Maximum Switching Frequency
\Y 39.91 UuA V pin current
Rv 4 M-ohms Upper V pin resistor
RV2 1.402 M-ohms Lower V pin resistor
IFB 95.00 95.00 uA I Warning.IFB is too low.Use larger device
R7 88.42 k-ohms IFB setting resistor (See RDR254 schematic)
R8 35.35 k-ohms Upper resistor in base divider (See RDR254 schematic)
R9 90.90 k-ohms Lower resistor in base divider (See RDR254 schematic)
VDS 10 \% LinkSwitch-PH on-state Drain to Source Voltage
VD 0.60 \% Output Winding Diode Forward Voltage Drop
VDB 0.70 Y Bias Winding Diode Forward Voltage Drop
Key Design Parameters
KP 0.75 0.75 Ripple to Peak Current Ratio (0.4 < KRP < 1.3)
LP 470 uH Primary Inductance
KP Expected 0.62 Ripple to Peak Current Ratio (0.4 < KRP < 1.3)
Expected |0 (average) 0.48 A Expected Average Output Current
ENTER TRANSFORMER CORE/CONSTRUCTION VARIABLES
Core Type RM6 Selected Core for inductor
Core P/N: *
Bobbin P/N: CSV-RM6/R-1S-4P
AE 0.32 cm”2 Core Effective Cross Sectional Area
LE 2.56 cm Core Effective Path Length
AL 1420 nH/TA2 Ungapped Core Effective Inductance
BW 6.4 mm Bobbin Physical Winding Width
M 0 mm ngety Margin Width (Half the Primary to Secondary Creepage
Distance)
L 4.00 4 Number of Primary Layers
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DER-341 14.5 W A19 LED Driver Using LNK407EG 14-Sep-12

DC INPUT VOLTAG EI PARAME'll'ERS | l

VMIN 127 \Y Peak input voltage at VACMIN

VMAX 187 \Y Peak input voltage at VACMAX

CURRENT WAVEFORM SHAPE PARAMETERS

DMAX 0.24 Minimum duty cycle at peak of VACMIN

IAVG 0.48 A Average Primary Current

P 118 A Peak Primary Current (calculated at minimum input voltage
VACMIN)

IRMS 0.48 A \Ij)r;\rgiﬂrlle)?MS Current (calculated at minimum input voltage

TRANSFORMER PRIMARY DESIGN PARAMETERS

LP 470 uH Primary Inductance

NP 60 Primary Winding Number of Turns

ALG 131 nH/TA2 Gapped Core Effective Inductance

BM 2899 Gauss Maximum Flux Density at PO, VMIN (BM<3000)

BP 3987 Gauss Peak Flux Density (BP<4200)

BAC 1081 Gauss AC Flux Density for Core Loss Curves (0.5 X Peak to Peak)

ur 904 Relative Permeability of Ungapped Core

LG 0.28 mm Gap Length (Lg > 0.1 mm)

BWE 25.6 mm Effective Bobbin Width

oD 0.43 mm Maximum Primary Wire Diameter including insulation

INS 0.06 mm Estimated Total Insulation Thickness (= 2 * film thickness)

DIA 0.37 mm Bare conductor diameter

AWG 27 AWG \Ijerlilrun;ry Wire Gauge (Rounded to next smaller standard AWG

CM 203 Cmils Bare conductor effective area in circular mils

CMA 420 Cmils/Amp | Primary Winding Current Capacity (200 < CMA < 500)

Power Integrations, Inc.
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DER-341 14.5 W A19 LED Driver Using LNK407EG

9 HHRET—%
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 29 V to 31 V. Refer to
the table on Section 9.6 for complete test data.
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89.8 1

o) o)
© ©
IN o
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[0}
©
N

88.8

88.6

88.4

95 100 105 110 115 120 125 130 135
Input Voltage (VAC)

Figure 9 — Efficiency vs. Line and Load.
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Figure 10 — Regulation vs. Line and Load.
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Figure 11 — Power Factor vs. Line and Load.
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Figure 12 — A-THD vs. Line and Load.
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9.5 EB#HEFES
9.5.1 29V LED &7
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Figure 13— 29 V LED Load Input Current Harmonics at 115 VAC, 60 Hz.
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9.5.2 30V LED &7
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Figure 14 — 30 V LED Load Input Current Harmonics at 115 VAC, 60 Hz.
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9.5.3 31V LED &7
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Figure 15— 31 V LED Load Input Current Harmonics at 115 VAC, 60 Hz.
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9.6 HET—%
All measurements were taken with the board at open frame, 25 °C ambient, and 60 Hz
line frequency

9.6.1 AEET—4.29VLED &7

Input Input Measurement Load Measurement Calculation

VAC Freq Vin Iin Pin PF %ATHD Vour lout Pour PcaL EffiCienCy Loss

(Vrws) | (HZ) | (Vrus) | (MArus) | (W) (Voe) | (MAsc) | (W) (W) (%) (W)
90 60 89.99 174.90 15.627 | 0.993 10.50 28.93 | 463.41 | 13.86 | 13.41 88.72 1.76

100 60 99.95 161.55 | 16.007 | 0.991 11.27 29.00 | 476.32 | 14.27 | 13.81 89.12 1.74
110 60 110.01 | 149.88 | 16.306 | 0.989 12.48 29.05 | 486.50 | 14.58 | 14.13 89.40 1.73
115 60 114.99 | 144.60 | 16.421 | 0.988 12.99 29.06 | 490.50 | 14.70 | 14.25 89.51 1.72
132 60 132.01 | 129.36 | 16.771 | 0.982 14.69 29.11 | 501.77 | 15.05 | 14.61 89.72 1.72

9.6.2 AEET—4.30VLED &%

Input Input Measurement Load Measurement Calculation
VAC Freq Vin Iin Pin Vour lour Pour PcaL Efficiency | Loss
(Veus) | (Hz) | (Vrws) | (MAgws) (W) (Voc) | (MAxe) | (W) (W) (%) (W)
90 60 90.00 181.68 | 16.239 | 0.993 10.37 30.31 | 460.02 | 14.42 | 13.94 88.78 1.82
100 60 99.97 167.76 | 16.633 | 0.992 10.97 30.39 | 472.96 | 14.84 | 14.37 89.21 1.80
110 60 110.02 | 155.62 | 16.946 | 0.990 11.99 30.44 | 483.09 | 15.17 | 14.71 89.50 1.78
115 60 115.00 | 150.20 | 17.074 | 0.988 125 30.46 | 487.29 | 15.30 | 14.84 89.62 1.77
132 60 132.02 134.23 17.425 | 0.983 14.32 30.52 | 498.41 | 15.66 | 15.21 89.87 1.77

PF %ATHD

9.6.3 AEET—4.31VLED &%

Input Input Measurement Load Measurement Calculation

VAC | Freq Vin Iin Pin PE %ATHD Vour lour Pour Pca. | Efficiency | Loss

(Vews) | (Hz) | (Vrws) | (MArws) | (W) (Voo) | (MAoo) | (W) (W) (%) (W)
90 60 90.00 185.45 16.579 | 0.993 10.34 31.08 | 458.08 | 14.72 | 14.24 88.77 1.86

100 60 99.97 171.26 | 16.986 | 0.992 10.74 31.16 | 471.12 | 15.15 | 14.68 89.21 1.83
110 60 110.03 | 158.83 | 17.303 | 0.990 11.75 31.21 | 481.31 | 15.49 | 15.02 89.53 1.81
115 60 115.01 | 153.25 | 17.430 | 0.989 12.26 31.23 | 485.41 | 15.63 | 15.16 89.64 1.81
132 60 132.02 | 136.87 | 17.779 | 0.984 14.04 31.29 | 496.34 | 15.99 | 15.53 89.92 1.79

Power Integrations, Inc.
Tel:+1 408 414 9200 Fax: +1 408 414 9201
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10 BASLHERET—4
TRIAC dimming results were taken with input voltage of 120 VAC, 60 Hz line frequency,
room temperature, and nominal 30 V LED load.

101 Y—=T7>0 TS & /AL /=388 DIFERGHA—T

Data taken using programmable AC source (Agilent 6812B) providing leading edge
chopped AC input.

= == Qutput Current (HL) ,’
e Output Current, mA (0 to 180) P2 P ]
450 1 —==Output Current, mA (180 to 0) ” ™
== Qutput Current (LL) / -~
r
400 +
350 1
<
é 300 +
e
c
o
5 250 1
(8]
5
2 200 1
S
o
150 +o
100 +o
50 +o
0 " " - ” ” ” ” ”
0 20 40 60 80 100 120 140 160 180

Conduction Angle (°)
Figure 16 — Leading Edge Dimming Characteristics.
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10.2 SHAFEDERIEYX -
The unit was tested with the following high-line dimmers at 120 VAC, 60 Hz (direct from

utility line) input and 30 V LED load.

List of Dimmers Type Part Number Max lout, mA | Min lout, mA | Dim Ratio

1 LUTRON LG600PH-LA L LG-600PH-WH 436 1.07 407
2 LUTRON S603P L S-603P-WH 457 1.05 435
3 LUTRON SLV600P L SLV600P-WH 453 11 412
4 LUTRON S600 L S-600-WH 485 1.05 462
5 LUTRON S-600PH-WH L S-600PH-WH 458 1.05 436
6 LUTRON DVCL153P L DVWCL-153-PLH-WH 461 46 10
7 LUTRON DV603P L DV-603P-WH 436 11 396
8 LUTRON DV600P L DV-600P-WH 435 1.1 395
9 LUTRON TG600PH-IV L TG-600PH-WH 450 1.07 421
10 LUTRON AY600P L AY-600P-WH 448 1.1 407
11 LUTRON GL600P-WH L GL-600P-WH 457 1.05 435
12 LEVITON 6633PLI L R62-06633-1LW 496 1.03 482
13 LEVITON 6631-LI L R62-06631-1LW 473 1.06 446
14 LEVITON IPI06 L R60-IP106-1LM 493 83 6

15 LEVITON RP106 L R52-RPI106-1LW 499 1 499
16 LEVITON 6681 L R60-06681-0IW 499 35 14
17 LEVITON 6684 L R60-06684-11W 499 1 499
18 LEVITON 6613 L R02-06613-PLW 492 1.11 443
19 COOPER SLCO03 SLCO3P-W-K-L 469 127 4

20 LUTRON GL600-WH L GL-600-WH 484 1.05 461
21 | LUTRON DVPDC-203P-WH L DVPDC-203P-WH 487 139 4

22 LUTRON LX600PL L LX-600PL-wh 480 66 7

23 LUTRON S-600P L S-600P 460 1.05 438
24 LUTRON TGLV-600P L TGLV-600P 463 1.1 421
25 LUTRON TGLV-600PR L TGLV-600PR 445 1.11 401
26 LUTRON TT-300NLH-WH L TT-300NLH-WH 488 1.01 483
27 LUTRON TT-300H-WH L TT-300H-WH 488 1 488
28 LUTRON NLV-1000-WH L NLV-1000-WH 468 40 12

Figure 17 — TRIAC Dimmer Compatibility Table.

Power Integrations, Inc.
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11 8%

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

11.1 FESE£AEV N = 90 VAC, 60 Hz (30 V LED &7

Figure 18 — Bottom Side. Figure 19 — Top Side.
D2-US1G:78.8 °C U1-LNK407EG:90.3 °C

11.2 FEZHHEF V= 132 VAC, 60 Hz (30 V LED &)

Figure 20 — Bottom Side. Figure 21 — Top Side.
D2-US1G:83.3°C U1-LNK407EG:93.4 °C

Power Integrations E
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11.3 FF5£, Vin = 120 VAC 60 Hz, &£ 90°, 30 V LED B#

Figure 22 — Bottom Side. Figure 23 — Top Side.
R14-Bleeder Resistor:74.1 °C U1-LNK407EG:55.8 °C

Power Integrations, Inc.
Tel:+1 408 414 9200 Fax: +1 408 414 9201
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12 JEERSCFD R
12.1 AHELEEASETDENE

Vertical Timebase Trigger Display

rsors Measure Math Analysis  Ullities Help

i
P3ms(C4)

Measure P1rms(C2) P2rms(C4) P4 max(C1) P5:meaniC3) PB:max(C4)
walue 1793 mv B899V
status v
h 0.ov
5 dge  Pos
LeCroy 611842012 11:20:08 AW

Figure 24 — 90 VAC, Full Load.
Upper:lin, 100 mA / div.
Lower:V,y, 50 V, 10 ms / div.

e Vemical Timebase Trgger Display Cursors Measure Math  Analysis

i
P3ms(C4)

Measure P1ms(Ca P2rms(CH) P4max(C1) PS:meani(C3) PE:max(C4)
value 1438 myv 1200v

status v

LeCroy

Figure 26 — 120 VAC, Full Load.
Upper:ly, 100 mA / div.
Lower:V,y, 50 V, 10 ms / div.

File Verical Timebase Trigger Display Cursors MWeasure Math Analysis Ulilities Help

y

0
P3ms(C4

Measure Plrms(CH) PRems(C4) Pdmax(C1) PameaniC3) PBimax(C4)
value 1547 my 109.9Y
slatus v v

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

Figure 25 — 110 VAC, Full Load.
Upper:liy, 100 mA / div.
Lower:V,y, 50 V, 10 ms / div.

veriical Timebase Trgger Display Cursors Measure Math  Analysis  Utlties  Help

Measure P1:rms(C?) P2rms(C4) P] ms(C4) Pdmax(C1) P5:mean(C3) PB:max(C4)
value 1326 my 1320%
status v v

0.0
A\ Trailing nurbers) in the @ ware fruncated to allow auto-numbering

Figure 27 — 132 VAC, Full Load.
Upper:ln, 100 mA / div.
Lower:V,y, 50 V, 10 ms / div.

Page 29 of 53
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12.2 BEYIEFFDH S EBIELH T EA

File Vertical Timebase Trigger Display

reore  Measure Math Analysis  Utlities Help

3
PIpkpk(CD)

Measure Plrms(CH P2mean(C2 Parms(Cd) PameaniC3) PBimax(C4)
value 5187 my 4478 v 78 mY 3070V
stalus v v v v

Figure 28 — 90 VAC, 60 Hz Full Load.
Upper:loyt, 200 mA / div.
Lower:Voyt, 10 V, 10 ms / div.

File Veical Timebase Trigger Display Cursors Measure Math Analysis Ullities Help

I3
P3Iphpk(C2)

Measure P1ms(CZ) PZmean(C2) Pdms(C4) PSmeaniC3) PBmax(C4)
walue 5468 MY 4797 mv 800 mv 08V
status. v v v v

Figure 30 — 120 VAC, 60 Hz Full Load.
Upper:loyr, 200 mA / div.
Lower:Vout, 10 V, 10 ms/ div.

File Vercal Timebase Trigger Display Cursors Measure Math Analysic Uliities Help

T
P3pkpkiC2)

Measure P1rms(C2a P2mean(C2) Parms(CH PS:meani(C3) PEmax(C4)
value 5398 my ATLE MY 794my 3081V
status v v v v

number(s) in the filename were truncated to allow aulo-numbering,

Figure 29 — 110 VAC, 60 Hz Full Load.
Upper:loyt, 200 mA / div.
Lower:Vour, 10 V, 10 ms / div.

File Verical Timebase Trigger Display Cursors MWeasure Math Analysis Ulilities Help

3
PIpkpkiC2y

Measure Plirms(CH) P2mean{C2) Parms(C4) PameaniC3) PBimax(C4)
value 553.3 my 4871 my 794 my 3082V
status v v v v

Figure 31 — 132 VAC, 60 Hz Full Load.
Upper:loyt, 200 mA / div.
Lower:Voyt, 10V, 10 ms / div.
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12.3 ZB. FPILFFDH HEREL T EE

Trigger Display Cursors Measure Math Analysis Utiiies Help

File Vertical Timebase

e Vertical Timebase Trigger Display Cursors Measure Math Analysis  Utiities Help

Il AU AR

il N THAT Y (TR 1 41—
A EFEEFIR MR 11 41 L i
frawNAWN1\'nwvv'Avmv.\wMwwv\‘MWMW!VMVMWWNNNNNAWM e
:wrl ‘ e
Measure P1ims{C2) : P2mean(C2) P3.pkpk(C2) Parms(C4) PSmeaniC PEmax(C4) Measure PlIms(C2 P2:mean(C2) P3‘D|WW(OZ) Parms(C4 PSmeaniC3) PEmax(C4)
value 511.4 mv 4439 mV B70 my 1A% value 515.9 mv 446.7 mV 858 my TV
status v v v % status v v v %

imebase -202 m:
Roll 100
5 1

Figure 32 =90 VAC Output Rise.
Upper:loyt, 200 mA / div.
Lower:Voyr, 10 V, 100 ms / div.

se Trigger Display Cursors Measure Math Analysis Uiiies Help

Figure 33 — 90 VAC Output Fall.

Upper:loyt, 200 mA / div.
Lower:Voyr, 10 V, 100 ms / div.

se Trigger Display Cursors MWeasure Malh Analysis Utiliies Help

IR ARG (Y (LAY LR I ilhlE
| I I | 11 Wil
e, " e -
j\ e R T R U it A A

4 SS— =

Measure P1Ims(C2) : P2mean(C2) P3.pkpk(CZ) PaIms(C4) PS5 mean(C3) PBmax(C4) Measure P1Ims(C2) ‘ P2 mean(CI) P3.pkpk(C2) Parms(CH) P5mean(C3) PEmax(C4)
value 5498 mv 486.7 mv 908 mv 2BEEV value 552 4 mv 486.9 mV 896 my 2785V

status v v v % status v v v %

-581 Tiv)
A Trailing number(s) in the filename were fruncated to allow auto-numbering,

Figure 34 — 132 VAC Output Rise.
Upper:loyt, 200 mA / div.
Lower:Voyt, 10 V, 100 ms / div.

200

6/18/2012 117,57 PM

leCroy

Figure 35 - 132 VAC Output Fall.
Upper:loyt, 200 mA / div.
Lower:Voyt, 10 V, 100 ms / div.
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12.4 EBYEEDALYEBELL S EFDEF

[y

A

T T
AARAARARENRRAARARRARRARN

(C2) mean(c2) P3:pkpk(C2) PAmS(C) P& mean(Ca PE max(C4)
mv 4706mV BB mV 1007V

Figure 36 — 90 VAC, 60 Hz. Figure 37 — 110 VAC, 60 Hz.
Upper:loyt, 200 mA / div. Upper:lout, 200 mA / div.
Lower:V)y, 50 V, 50 ms / div. Lower:V)y, 50 V, 50 ms / div.

I

-530.0 v}
LeCroy

Figure 38 — 120 VAC, 60 Hz. Figure 39 — 132 VAC, 60 Hz.
Upper:loyr, 200 mA / div. Upper:loyt, 200 mA / div.
Lower:V,y, 50 V, 50 ms / div. Lower:V)y, 50 V, 50 ms / div.

Power Integrations, Inc.
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12.5 ﬁﬁﬂ/ﬁﬁd)ﬁ‘b»f/EEéF‘lef/Eﬁ

File Verlical Timebase Trigger D

File Verlical Timebase Trigger Display Weasure  Malr Utilies  Help

ANN VA AL h

Measme P1maxiC2) P2ms(CD P3: max(ClJ P4irms(C4) Pamean(C3) Paimax(C4) Measure P1 maI(DZJ PZrms(CD P3 maxtm P4ms(C4) P& mean(Ca PB.max(C4)
value |Jw saemv an1v valug 380 v 1006V
status v status v
- EETTEE
500 mividi| 500 ravidivi 00 mssi stop 20V] 500 mividiv| 500 m"!mw
30 mW offsef] 200M5 100 Rt Edge Pasiig 30 mV offset] 10.0 ysfd HE
LeCroy BAB2012 141:26 PH LeCroy 6182012114315 P

Figure 40 — 90 VAC, 60 Hz. Figure 41 — 110 VAC, 60 Hz.
CZ:'DRAIN, 0.5 A, 2 ms/ div. C2:|DRAIN, 0.5 A, 2 ms/ div.
C31VDRA|N, 50 V, 2 ms/ div. CSZVDRA|N, 50 V, 2 ms/ div.
Zz:lDRAIN. 0.5 A, 10 us / div. ZZ:|DRA|N, 0.5 A, 10 us / div.
Z3IVDRA|N, 50 V, 10 us / div. ZB:VDRAW, 50 V, 10 us / div.

File Verlical Timebase Trigger Displs sis  Ullities  Help 5 File Verlical Timebase Trigger Displs Utilies  Help

(I (A

Measure Pi-max(C3) PIMS(CY P max(C4) Pams(C4) PEmean(C?) PBmax(C4) WMeasure P1manC2) PLMs(CD PImax(C4) PA.ms(C4) P& mean(Ca PE.max(C4)

value 144\; T my 178¥ 1193V value 148Y 358 my 183V 1306V

status v v v status v v v v
— — - 00 i o0 i Tomi[op 120V
.n m offsel 10.0 s/l 2.00 M5 100 MSis]Edue  Positivel 30 mv offsel 10.0 ysfd 2.00 WS 100 MS/s]Edge _Posiiivel
LeCroy 611872012 1:43:58 W 4 Trailing number(s) in the filename were truncated to allow aute-numbering.

Figure 42 — 120 VAC, 60 Hz. Figure 43 — 132 VAC, 60 Hz.
CZ:'DRAIN, 0.5 A, 2 ms / div. C2:|DRAIN, 0.5 A, 2 ms / div.
CSZVDRNN, 50 V, 2 ms/ div. C3:VDRA|N, 50 V, 2 ms/ div.
ZZ:'DRAIN. 0.5 A, 10 us / div. ZZ:|DRA|N, 0.5 A, 10 us / div.
Z3IVDRA|N, 50 V, 10 us / div. Z3:VDRA|N, 50 V, 10 us / div.
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12.6 BHEFDRFL 1> BEEFL 1> 8T

Analysis  Utilities  Help

Measura  Math

Trigger Display Cursors

File Vertical Timebase

[y

0
Measure 1 max(C2) PZmean(Cl) P3:pkpk(C2) Pa:max(C3) P&:mean(C3) PEmax(C4)
value 188y 43my 198y 138Y
status v v v

50.0 Wiy
-152.5V ofst 4
LeCroy 6/18/2012 1°59:29 PM

Figure 44 — 90 VAC, 60 Hz Start-up
Upper:lpran, 500 mA / div.
Lower:Vpran: 50 V, 1 ms / div.

File Vertical Timebase Trigger Display Cursors Measure Math Analysis Utiites Help

o
0

Measure P1'max(c2) P2meaniC3) P3 pkpk(C2) Pamax(cd) PS:meantC) PBmax(C4)

value 202v 40my 208V 199y

status v v v v

ity
ofst

& Trailing number(s) i name were truncated fo allow auto-numbering.

Figure 46 — 132 VAC, 60 Hz Start-up
Upper:lpran, 500 mA / div.
Lower:Vpran, 50 V, 1 ms / div.

File Verical Timebase Trigger Display Cursors Measure Math Analysis Utilifies Help

T TT]

o3
i

Measure Plimax(C3) PLmean(C P.0kpk(C2) P4:max(C3) Pamean(Cy) PEMaxC)

value 188V 87 mV 182V 132v

status v v v

B/18/2012 1:59:46 PH

LeCroy

Figure 45 — 90 VAC, 60 Hz Start-up
Upper:lpran, 500 mA / div.
LOWer:VDRNN, 50 V, 20 ],J.S / d|V

File Verical Timebase Trigger Display Cursors Measure Math Analysis Utilifies Help

[y
o3

Iy
Measure P1imax(C2) P2mean(C2) P3:pkok(C2) P4:max(C3) PS:mean(C3y PEmax(C4)
value 199Y 54my 205V 194y
stalus v v v

LeCroy 6/18/2012 2.00:47 PM
Figure 47 — 132 VAC, 60 Hz Start-up
Upper:lpran, 500 mA / div.

Lower:Vpran, 50 V, 20 pus / div.
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12.7 HHEHEDRL 1> E. BRURL 1> EF

File Vertical Timebase Trigger Display Gursors Math Analysis  Utilities  Help

File Veical Timebase Trigger Display OCursors Math Analysis  Utiities

i i
T RE— .y
¥ " ¥ W
i i
Measure Flmax(c2) PZmean(c? P3pKpK(C2) P4mMax(C3) PSImean(Cy PEIMa(C4) Measure P1imax(C2) P2mean(C2) P3:pkpkiC2) P4:max(C3) PSmean(C3) PEmax(C4)
value 19V Smy 197v v walug 204V 86 my 210v 133v
status v v v v status v v v v

LeCroy 222535 PM LeCroy

Figure 48 — 90 VAC, 60 Hz Output Short Condition. Figure 49 — 90 VAC, 60 Hz Output Short Condition.
Upper:lpran, 500 mA / div. Upper:lpran, 500 mA / div.
Lower:Vpran, 50 V, 500 ms / div. Lower:Vpgamn, 50V, 20 us / div.

e Verical Timebase Trigger Display Cursors Measure Math Analysis Uiities Help

File Veical Timebase Trigger Display Cursors Measure Math Analysis Utiiies Hely

i [
¥ s .2 v k I A " _
i 0
Measure Plmax(C2) PZmean(C2 PIpkpk(C2) Pdmax(C3) PSmean(C3 Pamax(C4) Measure P1-max(C2) P2 mean(C2) P3 pkpkiC2) P4:max(C3) PSmean(C3) PBmax(C4)
value 170V smy 178V 200V walue 202V 57 my 208V 176
status v v v v status v v v v
50.0 Vi
1525V ofst
4 Trailing numberis) in the filename were truncated to allow auto-numbering LeCroy

Figure 50 — 132 VAC, 60 Hz Output Short Condition.  Figure 51 — 132 VAC, 60 Hz Output Short Condition.
Upper:lpran, 500 mA / div. Upper:lpran, 500 mA / div.
Lower:Vpran, 50 V, 500 ms / div. Lower:Vpgran, 50 V, 20 us / div.
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13 EREEFD KR

13.1 AHELELAGERDEN

Input:120 VAC, 60 Hz
Output:30 V LED Load
Dimmer:LUTRON LG-600PH-WH

File Vertical Timebase Trigger Display

rsors Measure Math Analysis  Ullities Help

I3
P3Iphpk(C2)
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Figure 52 — 125° Conduction Angle.
Upper:lin, 100 mA / div.
Lower:V,y, 50 V, 5 ms / div.
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A\ Trailing numbers) in the menme were truncated to allow auto-numbering.

Figure 53 — 92° Conduction Angle.
Upper:ly, 100 mA / div.
Lower:V,y, 50 V, 5 ms / div.
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Figure 54 — 65° Conduction Angle.
Upper:ly, 100 mA / div.
Lower:V,y, 50 V, 5 ms / div.

Measure P1rms(C2) P2mean(C2) PIpkpkiC2) Pdmax(C3) P5:mean(C3) PBmax(C4)
value 16mv >816mV
status o + T v

A\ Trailing numberis) in the fllename were truncated to allow auto-numbering.

Figure 55 — 45° Conduction Angle.
Upper:ly, 100 mA / div.
Lower:V,y, 50 V, 5 ms / div.
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13.2 HHEHRDERE

Input:120 VAC, 60 Hz
Output:30 V LED Load
Dimmer:LUTRON LG-600PH-WH

File Vertical Timebase Trigger Display Cursors Measure Math Analysis Ulities Help e Verical Timebase Trigger Display Cursors Measure Math Analysis Utiliies Help

3 T
Measure P1irms(Cl) P2imean(C1) PIpkpk(C1) Parms(Cd) PameaniC3) PBimax(C4) Measure F1ms(C1) PImean(C1) P3:pkpkiC1) Fams(C4) PS:mean(C3) PBimax(C4)
valug 5121 mA 435.7 A 849 mA 1124V value 2453 mA 1541 mA 547 mA -
stalus v v v v status v v v ]

0.0

LeCroy LeCroy

Figure 56 — 125° Conduction Angle. Fi_gure 57 — 92° Conduction Angle.
Upper:lout, 200 mA / div. Upper:loyt, 200 mA / div.
Lower:V\y, 50 V, 5 ms / div. Lower:V\y, 50 V, 5 ms / div.
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Measure P1rms(C1) P2mean(C1y PIpkpk(C1) Parms(C4) Pamean(C3) PBmax(C4) Measure Plirms(Cl) P2mean{C1) PIpkpkiC1) Parms(C4) PameaniC3) PBimax(C4)
value 1549 ma 1166ma value 945mA T14mA 275 mA
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A Trailing number(s) in the e were fruncated to allow auto-numbering. A\ Trailing number(s) in the fllename were truncated to allow auto-numbering.

Figure 58 — 65° Conduction Angle. Figure 59 — 45° Conduction Angle.
Upper:lour, 200 mA / div. Upper:loyt, 200 mA / div.
Lower:V,y, 50 V, 5 ms / div. Lower:V,y, 50 V, 5 ms/ div.
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14 {zE EMI

14.1 ZBEDtIr7vT
The unit was tested using LED load (~30 V Voyr) with input voltage of 115 VAC, 60 Hz at
room temperature.

Figure 60 — EMI Test Set-up with the Unit and LED Load Placed Inside the Cone.
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14.2 FABE/EE

// Power Integrations RBW 9 kHz
19.Jun 12 12:42 MT 500 ms
Att 10 dB AUTO

dBuv

EN55015H0Q LIMIT CHECK PASS

SGL

CLRWR

9 kHz 30 MHz

EDIT PE LIST (Final

Tracel: ENS550150
TraceZ: ENS550154A
Trace3: ——=

TRACE FREQUENCY LEVEL dBuv DELTA LIMIT dB
2  Average 9 kH= 23.08 N gnd
2  Average 6d.5467705779 kH= 28.77 L1 gnd
2  Average 126.5977840157 kH=z 36.504 N gnd
2 Average 133.454986145 kH=z 42.75 N gnd
2 Averadge 136.137431366 kH= 39.51 N gnd
2 Averadge 1938.193645035 kH= 45.85 N gnd —7 .82
2 Average 264 .49018761 kH=z 40.32 N gnd -10.96
2  Average 329.215131266 kHz 38.16 N gnd -11.30
2 Average 397.727746704 kHz 37.62 N gnd -10.27
2 Average 461.749566613 kHz 36.08 N gnd -10.57

Figure 61 — Conducted EMI, 30 V LED Load, 115 VAC, 60 Hz, and EN55015 B Limits.
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14-Sep-12

15 AHhY—

The unit was subjected to +2500 V 100 kHz ring wave and +500 V differential surge at
120 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.

|

480.0v

s

Tracel:: Max

Tracez:Max 4600V G cdocddd

Input L Injection
Level Injection Test Result
Voltage . Phase Type X
V) (VAC) Location ©) (Pass/Fail)
100kHz Ring
+2500 120 L1, L2 0 Wave (200 A) Pass
100kHz Ring
-2500 120 L1, L2 0 Wave (200 A) Pass
100kHz Ring
+2500 120 L1, L2 90 Wave (200 A) Pass
100kHz Ring
-2500 120 L1, L2 90 Wave (200 A) Pass
Input Co Injection
Level Injection Test Result
Voltage . Phase Type X
V) (VAC) Location ©) (Pass/Fail)
+500 120 L1, L2 0 Surge (2Q) Pass
-500 120 L1, L2 0 Surge (2Q) Pass
+500 120 L1, L2 90 Surge (2Q) Pass
-500 120 L1, L2 90 Surge (2Q) Pass
2312105;'13 15:110:21 MORM:Z00MS /5 (:ggusjgiv)
. Ww,:,&- ey s

Figure 62 — +500 V (90° Injection Phase) Differential Surge VDS Waveforms.

C1: Input Rectified Voltage (Voltage Across C2)
C2: U1 Drain Voltage Reference to Source.
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DER-341 14.5 W A19 LED Driver Using LNK407EG

16 40 V /350 mA H AEEHIZBI T 541 E%

16.1 ERHH#

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

original version.

Description Symbol | Min Typ Max | Units Comment
Input
Voltage VN 90 120 132 VAC 2 Wire —no P.E.
Frequency fLne 47 50/60 63 Hz
Output
Output Voltage Vour 39 40 41 \Y
Output Current lout 350 mA At 115 VAC
Total Output Power
Continuous Output Power Pout 14.0 W
Efficiency

. Measured at Poyr 25 °C at

Nominal n 87 90 % 115 VAG
Power Factor 0.9 0.98 At 115 VAC
A-THD 15 % At 115 VAC

Harmonic Currents

EN 61000-3-2 Class C

Class C Limits

Note:

Refer to the schematic section 3 for the component updates for 40 V / 350 mA version.
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14-Sep-12

16.2 /2 O2D#% (40 V | 350 mA)

16.2.1 A& X

2

60T - #27 AWG

1
5 °

22T -#33 AWG

4

Figure 63 — Inductor Electrical Diagram.

16.2.2 EK L4

Primary Inductance

Pins 1-2 all other windings open, measured at 66 kHz,

620 uH 7%

Resonant Frequency Pins 1-2, all other windings open. 1.8 MHz (Min.)
16.2.3 #1¥4
Iltem Description

[1]

Core:RM6S PC40 or equivalent.

[2]

Bobbin:B-RM6-V 6pins 3/3.

3]

Magnet Wire, #27 AWG, solderable double coated.

[4]

Magnet Wire, #33 AWG, solderable double coated.

Power Integrations, Inc.
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DER-341 14.5 W A19 LED Driver Using LNK407EG

16.2.4 A3 3D HEEX

4
SESSSESNNN il

60T AWG #27

Y

OO

Figure 64 — Inductor Build Diagram.

16.2.5 1A YR B ELHR

General Note

For the purpose of these instructions, bobbin is oriented on winder such that pin 1 side
is on the right.

WD1 Start at pin 2. Wind 60 turns of item [3] as shown in Figure 2. Terminate at pin 1.
WD2 Start at pin 5. Wind 22 turns of item [4] and terminate the other end at pin 4.
Finish Grind the core to get the specified inductance.Place the clip to secure both cores.Cut

pins 3 and 6.
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14-Sep-12

16.3 MEtT—%

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 38 V to 42 V output

voltage.

16.4 FHABDIBIEYXF
The unit was tested with the following U.S. dimmers at 120 VAC, 60 Hz (supplied from

programmable AC source) input and 40 V LED load.

: . Ivin Imax Dim
List of Dimmers Type | Remarks Power Part Number mA) | ma) | ratio
LUTRON LG600PH-LA L Lutron 600-Watt Slide Dimmer LG-600PH-LA 600W LG-600PH-WH 26 283 11
LUTRON S603P L | Lutron Skylark Incandescent 600W 3-Way 600W S-603P-WH 23 | 201 | 13
Preset Dimmer with On/Off
LUTRON SLV600P 7 | Lutron SLV-600P-WH 600-Watt Skylark 600W SLV600P-WH 35 | 288 | 8
Magnetic Low-Voltage Single-Pole Dimmer
LUTRON S600 L | Slide-to-Off Single Pole Skylark Dimmer 600W S-600-WH 28 |35 | 1
Switch (RFI suppression)
LUTRON S-600PH-WH L Lutron Skylark 5-Amp White Gloss Dimmer 600W S-600PH-WH 25 291 12
LUTRON DVCL153P L Cfl&led Dimmer, Paddle/slide, 120V, 600W 600W DVWCL-153-PLH-WH 38 291 8
LUTRON DV603P L 600W Diva Dimmer, 3-Way - lvory 600W DV-603P-WH 26 282 11
LUTRON DV600P L | Lutron Diva DV-600P-WH Incand 600 Watt 600W DV-600P-WH 2% | 282 | 11
Single Pole Light Dimmer in White
LUTRON TG600PH-IV L Ivry Toggle Dimmer 1p Preset 600W TG-600PH-WH 25 288 12
Lutron Ariadni AY-600P-WH Incand Preset
LUTRON AY600P T 600 Watt Single Pole Light Dimmer in White 600w AY-600P-WH 23 284 12
LUTRON GL60OP-WH L | Slyder Incandescent Single Pole 600 Watts | - g4y GL-600P-WH 26 | 200 | 11
Preset Dimmer, White
LEVITON 6633PLI L SureSlide 600W Incandescent Dimmer 600W R62-06633-1LW 26 308 12
LEVITON 6631-L L gﬁ]rglsel_lggleoow Incandescent Slide Dimmer, | - 50,y R62-06631-1LW 21 | 207 | 14
LEVITON IPI06 L | MumaTech Incandescent Preset Slide 600W R60-1PI06-1LM 62 | 307 | s
Dimmer
LEVITON RP106 L lllumaTech Rotary Controls 120V AC 60Hz 600W R52-RPI106-1LW 28 307 11
LEVITON 6681 L A Push On and Push Off Dimmer 600W R60-06681-0IW 25 298 12
LEVITON 6684 L | Leviton 600-Watt 3-Way Lighted White/lvory | g5, R60-06684-1IW 2% | 307 | 12
Push Dimmer
LEVITON 6683 600W 6683 40 308 8
SURESLIDE" MAGNETIC LOW VOLTAGE
LEVITON 6613 L DIMMER *600VA, 120V AC, 60Hz 450W R02-06613-PLW 26 307 12
COOPER SLCO03 SLCO3P-W-K-L 39 295 8
LUTRON GL600-WH L Lutron 15-Amp White Slide Dimmer 600W GL-600-WH 2 303 152
Diva, Screw Base Compact Fluorescent
LUTRON DVPDC-203P-WH L Dimming with Philips® DIMMABLE Energy 200W DVPDC-203P-WH 98 304 3
Saver CFL, Single Pole/3-Way, 200W, White
LUTRON LX600PL L Lyneo Lx Single Pole Dimmer 600W 500W LX-600PL-wh 52 301 6
Single Pole - Incandescent - Push On/Off -
LUTRON D600P L 600 Watt - White 600W D-600P-WH 29 288 10
LUTRON CTCL-153PDH 600W 38 292 8
LUTRON S-600P 600W S-600P 25 291 12
LUTRON TGLV-600P TGLV-600P 28 | 202 | 10
LUTRON TGLV-600PR 450W TGLV-600PR 31 287 9
LUTRON TT-300NLH-WH | L | piron Diva Satin 5-Amp Desert Stone Preset |- 5y TT-300NLH-WH 31 | 306 | 10
LUTRON TT-300H-WH L | Lutron Credenza 300-Watt White Lamp 300w TT-300H-WH 25 | 306 | 12

Dimmer

Lutron S-600P 24 288 12
Lutron S-600P 26 303 12
Cooper S106P 288 297 1

Power Integrations, Inc.
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Lutron S-103P-WH 57 290 5
Lutron S1-10P-WH 42 295 7
Lutron S-600PNLH-WH 25 293 12
Lutron S-603PNL-WH 28 292 10
Lutron SLV-603P-WH 26 285 11
Lutron S-603PGH-WH 27 198 7
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Figure 65 — Efficiency vs. Line and Load.40 V / 350 mA.
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Figure 66 — Regulation vs. Line and Load.
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Figure 67 — Power Factor vs. Line and Load.
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16.4.4 A-THD
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Figure 68 — A-THD vs. Line and Load.
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16.4.540 V &K

120

mClass C Limit
@ mA Content

100 1

80 1

60 1

40

Harmonic Current (mA)

20 1

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

Figure 69 — 40 V / 350 mA LED Load Input Current Harmonics at 115 VAC, 60 Hz.
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16.4.6 {zE EMI DR ERFEE

The unit was tested using LED load (~40 V Vour) with input voltage of 115 VAC, 60 Hz at
room temperature.Refer to section 14.1 for test set-up.

// Power Integrations
16.Aug 12 13:01

dBpv

EN550150

Att 10 dB AUTO

9 kHz

LIMIT CHECK

RBW
MT

9 kHz
500 ms

PASS

SGL

TDF

6DB

30 MHz

22.

19
19

58
40

37.
35.

19

EDIT PEAK LIST (Final Me
Tracel: ENS2015Q
TraceZ: ENS5015A
Trace3: -
TRACE FREQUENCY

2 Rwverage 3]

2 Awverage ©63.9076936414 kHz
2 RAwverage ©9.202874¢6009 kHz
2 Rwverage 130.825395691 kHz
2 Awverage 137.45880568 kH=z
1 Cuasi Peak 159.22802259 kH=z
2 Rwverage 198.153645035 kHz
2 Awverage 267.135089486 kH=
2 RAwverage 332.507282579 kH=
2 Rwverage 2.05405734435 MH=z
2 Awverage 25.4636191981 MH=

Figure 70 — Conducted EMI, 40 V/350mA LED Load,

20.

LEVEL dBuv DELTA LIMIT dB

15 L1 gnd

.47 M gnd
.74 Ll gnd
35.
35.

05 N gnd

69 M gnd

.24 N gnd -7.25
.22 N gnd -13.46
13 N ¢nd -14.06
99 N gnd -13.39
.34 Ll gnd —-26.65
92 Ll gnd —-29.07

115 VAC, 60 Hz, and EN55015 B Limits.
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17 HETEE

Date Author Revision | Description and Changes Reviewed
17-Aug-12 | CA 1.0 Initial Release Apps & Mktg
14-Sep-12 | JIDC 2.0 Added simple modification to

convert to 40 V / 350 mA version
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