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Figure 1 — Populated Circuit Board.
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Figure 3 — Populated Circuit Board, Bottom View.
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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 kQ/ 1%.

Figure 4 — Schematic Diagram for 30 V / 480 mA.
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6 BOM
Item | Qty Part Ref | Description Mfg Part Number Mfg
1 1 BR1 é(())OIC(J:V 0.8 A, Bridge Rectifier, SMD, MBS-1, 4- B10S-G Comchip Technology
2 1 C1l 22 nF, 400 V, Film ECQ-E4223KF Panasonic
3 1 Cc2 100 nF, 250 V, Film ECQ-E2104KB Panasonic
4 1 C3 1.0 uF, 250 V, Ceramic, X7R, 2220 C5750X7R2E105K TDK
5 1 C4 10 pF, 10 V, Ceramic, X5R, 0603 C1608X5R1A106M TDK
6 1 cs (152 Pfg) 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 uF, 25V, Ceramic, X5R, 1206 ECJ-3YB1E106M Panasonic
10 | 1 pr | 3%0% 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 | 1.5mH, 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 R1 R2 R4 | 10 kQ, 5%, 1/8 W, Thick Film, 0805 ERJ-6GEYJ103V Panasonic
20 2 R3 R12 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

E
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7 CIEH M

7.1 &IIE PEE
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60T — #27 AWG

1
5 °

30T —#33 AWG

4
Figure 7 — Inductor Electrical Diagram.

7.2 SIIE A

Primary Inductance Pins 1-2 all other windings open, measured at 66 kHz, 470 uH £7%
04 VRMS
Resonant Frequency Pins 1-2, all other windings open 1.8 MHz (Min.)
73 ME
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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SOSSPSOPEY - Rrhilus

60T AWG #27

Figure 8 — Inductor Build Diagram.

75 Q9I5H 74

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.

E Power Integrations, Inc.
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8 QIEH LI AT EAIE

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 Vv 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 ’ ?

VO_MIN 23.68 Vv \I\//I()llr:;n;grlr; I;If)lgvztrivng_\'/vlolllt\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. If Dimming is required, select

LNK-PH LNK407 device from LNK40X family, Otherwise select device from LNK41X
family

Current Limit Mode RED CSuerIreecr:t"lli?nI]EiltD;'nf(()Jééeduced 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

\% 39.91 uA 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 Il 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 Y LinkSwitch-PH on-state Drain to Source Voltage

VD 0.60 Y Output Winding Diode Forward Voltage Drop

VDB 0.70 \% 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 |10 (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)

Page 15 of 53

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

E



DER-341 14.5 W A19 LED Driver Using LNK407EG

L 4.00 4 Number of Primary Layers

DC INPUT VOLTAGE PARAMETERS

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/T"2 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 \Ijarlilrl?ea)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)

E
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14-Sep-12 DER-341 14.5 W A19 LED Driver Using LNK407EG

9 d= CUiolH
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.

91 &&F

90.2

-p=?9 V
90.0 o =m=30 V
=31 V

Efficiency (%)

88.8 1

88.6 1

88.4 v v v " " " " " "
85 90 95 100 105 110 115 120 125 130 135

Input Voltage (VAC)

Figure 9 — Efficiency vs. Line and Load.
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9.2 gg & Fotd=dols

505 -
-0 \V/

500 1 <m=30V

=31V
495 /

490

\\
|\\.

485

- )
470 y
Y

Output Current (mA)

465 /

460

455 "
85 90 95 100 105 110 115 120 125 130 135

Input Voltage (VAC)

Figure 10 — Regulation vs. Line and Load.
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0.994 1
-p=?9

=2=30 V

0.992 ]
=31 V

0.990

0.988

0.986

Power Factor

0.984

i

0.982

0.980
85 90 95 100 105 110 115 120 125 130 135

Input Voltage (VAC)

Figure 11 — Power Factor vs. Line and Load.
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9.4 A-THD

15

-p=?9
=2=30 V

14 =31V ;_

15

=
SN

=
w

A-THD (%)
&

=
N

=
N

=
=

11 o

10 "
85 90 95 100 105 110 115 120 125 130 135

Input Voltage (VAC)
Figure 12 — A-THD vs. Line and Load.
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9.5.1 29V LED =5t
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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 4ot

140

m Class C (D) Limit
EmA Content

120 1+

Harmonic Current (mA)
N (2] (0] '5
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 14 — 30 V LED Load Input Current Harmonics at 115 VAC, 60 Hz.
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9.5.3 31V LED £at
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Figure 15— 31V LED Load Input Current Harmonics at 115 VAC, 60 Hz.
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9.6 HAE HO/IE

All measurements were taken with the board at open frame, 25 °C ambient, and 60 Hz
line frequency

9.6.1 HIAE OIOIE, 29V LED 6t

Input Input Measurement Load Measurement Calculation
VAC Freq V|N IIN P|N PE %ATHD VOUT IOUT POUT PCAL EffiCiency Loss
(Vews) | (Hz) | (Vews) | (MArws) | (W) (Vo) | (MAoe) | (W) | (W) (o) 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 HIAE OIOIE], 30V LED £ 4t

Input Input Measurement Load Measurement Calculation
VAC Freq V|N IIN P|N PE %ATHD VOUT IOUT POUT PCAL Efficiency Loss
(Vrws) | (Hz) | (Vrws) | (MArus) (W) (Vo) | (MApc) | (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 12.5 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

9.6.3 HIAE OIOIE, 31V LED %4t

Input Input Measurement Load Measurement Calculation

VAC Freq Vin Iin Pin PE %ATHD Vour lout Pour PcaL Efficiency | Loss

(Vews) | (Hz) | (Vrws) | (MArws) | (W) (Vog) | (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

E Power Integrations, Inc.
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10 U/ d=s dI0IH

TRIAC dimming results were taken with input voltage of 120 VAC, 60 Hz line frequency,
room temperature, and nominal 30 V LED load.

10.1 2/8 QA& LIGS 2812 24

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

= = Qutput Current (HL) ,/
e= Qutput Current, mA (0 to 180) e’ - L
450 ¥ «===Output Current, mA (180 to 0) ” >
== Qutput Current (LL) / -~
r
400
350
<
E 300
)
c
g
5 250 1
(8]
5
2 200 ¢
=)
S
o
150 +o
100 +o
50 +
0 " ” - ” ” _ ” ”
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Conduction Angle (°)

Figure 16 — Leading Edge Dimming Characteristics.
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10.2 [0/ S84 =5
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 1.1 412
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 1.1 396
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 IP106 L R60-IP106-1LM 493 83 6

15 LEVITON RP106 L R52-RPI06-1LW 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.

E
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11 25 ds
Images captured after running for >30 minutes at room temperature (25 °C), open frame
for the conditions specified.

11.1 H/L/Z/V\y = 90VAC, 60Hz, 30 V LED Fof

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

11.2 H/C/E/V\ = 132VAC, 60Hz, 30 V LED Fof

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

Power Integrations g
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11.3 L/&' Vi = 120VAC 60Hz, =532/90°, 30V LED Fof

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

Power Integrations, Inc.
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12 4H|C1Y Ot

wrsors  Measure Math Analysis  Ulilities

e Verical Timebase Trigger Display

o
Measure Plrms(C2) P2rms(C4) PIms(C4) Pdmax(C1) Pamean(C3) PE:max(C4)
value 179.3mv
status - v
00V ofse
LeCroy

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

e Verical Timebase Trigger Display Cursors Measure Math Analysis Uilities Help

Q
PIms(C4)

Measure P1rms(C2 PLmMs(C4) Pémax(C1) PEMean(Cy) PEIMA(C4)
valug 143.8mv 1200
status v v

LeCroy

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

611672012 11:21:59 AM

File Vertical Timebase Trigger Display Cursors Measure Math Analysis Utiities Help

O
Measure Plrms(C2) P2rms(C4) P3ms(C4) PAmaK(C1) Pameanic3) PBimax(C4)
value 154.7 mv 1099y
status v v

100w
100 WS 10

0.0V o
A\ Trailing numben(s) in the filaname were truncated to aliow auto-numbering

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

e \Verical Timebase Trioger Display Cursors Messure Math Analysis Uliities Help

O
Measure Plrms(CD P2:rms(C4) PIms(C4) Paemax(C1) PameaniC3) PEmMax(C4)
valug 1326 my 1320
status v v

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

Figure 27 — 132 VAC, Full Load.

Upper: Iy, 100 mA / div.
Lower: V)y, 50 V, 10 ms / div.
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122 FY HS AN EF IF L EF Y

File Verlical Timebase Trigger Display Cursors MWeasure Math Analysis Ulilities Help File Vertical Timebase Trigger Display Cursors Measure Math Analysis Utiities Help

0 T
Measure P1rms(C P2mean(C P3pkpk(C2) Parms(C4) PEmean(CH PE:Max(C4) Measure P1rms(CD P2mean(C2) PIpRRK(CZ) Pd:rms(C4) PameaniC3) PEmMax(C4)
valug §18.7 mv 2479 my Tiamy 0,70V valug §39.8 my A7 mV 94my 081V
status v v v v status v v v v

0 m

A\ Trailing numberisy in the filaname were truncated to allow auto-numbering

LeCroy

Figure 28 — 90 VAC, 60 Hz Full Load. Figure 29 — 110 VAC, 60 Hz Full Load.
Upper: loyt, 200 mA / div. Upper: loyt, 200 mA / div.
Lower: Vout, 10 V, 10 ms/ div. Lower: Vout, 10 V, 10 ms / div.

fities  Help

Measure P1ms(C2) PZmean(C2) P3pkpk(C2) Parms(C4) Psmean(C3) PB:max(C4) Measure P1ims(C2) Pzmean(C2) P3pkpK(C2) Pd:ms(C4) Pamean(C3) PBimax(C4)
value 548.8 Y 4797 mY 800 mv 081V value 553.3 v 487.1 v 794V 082V
stalus v v v v status v v v v

FGure 30-120 VAC, 60 Hz Full Load. Fﬁure 31 -132 VAC, 60 Hz Full Load.
Upper: lout, 200 mA / div. Upper: lout, 200 mA / div.
Lower: Vout, 10 V, 10 ms / div. Lower: Vout, 10 V, 10 ms / div.
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12.3 S HAFI ML &'z & o/2

File Verical Timebase Trigger Display Cursors Measure Math Analysis  Utiities

splay Cursors Measure Math Analysis  Utities Help

i HIETHATENTH HHHE i EEEIIVAAAETR T
I I |

rfWWNNAWJ‘:'ﬂc‘ﬂ‘h"fi\WwVMVM\W'N'NNNNJ\W/\W«VMV?WNNNNMW\‘JW R A T
) i )
Measure P1mMS(C PZmean(c2) PIpkDKICZ) Parms(C4) PSmean(C3) PEMax(C4) Measure PIMS(C2 PZmean(Cy PapkRKC2) Parms(C4) PSmean(C3) PEMax(C4)
value 511.4 my 443.9mv 870 mv 2657V value 5158 my 446.7 mv 858 mv 277y
status v v v % status v v v %

) v

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

Cursors Measure Math Analysis Utiities Help

se Trigger Display

200
-58
LeCroy

Figure 33 — 90 VAC Output Fall.
Upper: lout, 200 mA / div.
Lower: Vout, 10 V, 100 ms / div.

Cursors Measure Malh Analysis  Utiiies  Help

0 /e,
6/18/2012 1:16:25 PM

se Trigger Display

AT LAAA 1T HHATRIH

\HI\\\ [ I \ H‘\ Il
e . L ek . . o Iy | o
| i
JW\"J‘(\&W‘hV.WI»VNl\fNNA‘A‘n'nWNIMV» A YA T L
e 4
Measure P1ms(C2 ‘ P2mean(C2) P3:pkpkiC2) Pérms(C4) P5:mean(C3) PBmax(C4) Measure P1rms(C2 ‘ P2mean(C2) P3 phpk(C2) Pérms(C4) P5:mean(C3) PBmax(C4)
value 549.8 my 486.7 mV 508 my 2665y value 5524 my 486.9 mY 896 MY 2785v
status v v 4 % status v v v %

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

200
56 g )
6/18/20121:17:57 PM

Figure 35 — 132 VAC Output Fall.
Upper: lout, 200 mA / div.
Lower: Vour, 10 V, 100 ms / div.
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VVVVV 74 4706 MV 896 my 1007V

Figure 36 — 90 VAC, 60 Hz. Figure 37 — 110 VAC, 60 Hz.
Upper: louyt, 200 mA / div. Upper: lout, 200 mA / div.
Lower: V|, 50 V, 50 ms / div. Lower: Vi, 50 V, 50 ms / div.

Figure 38 — 120 VAC, 60 Hz. Figure 39 — 132 VAC, 60 Hz.
Upper: lout, 200 mA / div. Upper: lout, 200 mA / div.
Lower: V|y, 50 V, 50 ms / div. Lower: V|\, 50 V, 50 ms / div.
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XA XHE A E3)01 M2

oo TTIo

12.5

File Veriical Timebase Trigger Display

Cursors  Messure Math Analysis  Utilities Help

A A
&mmw

-
Measure P1max(C2) P2IMS(C) P3 max(cd) Pams(Ce) Pamean(cs) PEMaKCe)
value uw 398 v 901w
status v
500 mividiv 500 mVidiv] 200ms/div|Stop  12.0|
30 mV offsed] 100 s 2,00 M5 100 WSfs|Edge  Positive
LeCroy BAE2012 1:41:26 FM

Figure 40 — 90 VAC, 60 Hz.
C2: IbrRAIN, 0.5 A, 2 ms/ div.
C3: Vpram, 50V, 2 ms/ div.
72: |DRAIN, 0.5 A, 10 us / div.
Z3: VDRAIN, 50 V, 10 us / div.

Flle Verical Timebase Trigger Display Utities  Help

R
Wﬂﬂfﬂj

Measure Prmax(c2) Pamsc2  Pima(CH  PamsCH  Pimean©y  PEmAKGH
value ‘\14\/ M mv 174V 1193V
status Cd v v
500 miviidg 500 mVidiv] 2.00m: Efﬂn 8top 120V
30 mV offset] 10.0 psidh 200MS 100 MS/sEdge  Positive]
LeCroy BH8/20121:43:58 PM

Figure 42 — 120 VAC, 60 Hz.
C2: IDRAIN, 0.5 A, 2 ms/ div.
C3: VDRAIN, 50 V, 2 ms/ div.
Z2: |DRAIN, 0.5 A, 10 us / div.
Z3: VDRAIN, 50 V, 10 us / div.

File Verical Timehase Triger Display © Measure Math Analysis Utiilies Help

Measure P mal(DZ) P2 ms(cm 3 maxcu) PAIms(Ce) P& mean(Cy) PE:max(C 4
valug 1096V
status
500 midiv| $00 i Vs 1209
30 mY offsel 0 ps/d 2005 100 i Edge  Positie]
LeCroy 8/18/2012 1:4315 FM

Figure 41 — 110 VAC, 60 Hz.
C2: IbRAIN, 0.5 A, 2 ms/ div.
C3: Vpran, 50 V, 2 ms / div.
72: |DRAIN, 0.5 A, 10 us / div.
Z3: VDRAIN, 50 V, 10 us / div.

File Verical Timebase Trigger Display Utilles  Help

2

2

Weasure PimaCn  FrmeCa  Pimacy  PemsCq  PSmean©)  PEmach)

value 146V 35amv 183V 1306V

status 4 rd v 4

- — ] H L
30 mV ofsel) 10.0 ps/d| 200M3 100 MSis|Edge  Positive)

A\, Tralling numbercs) in the filename were truncated to allow auto-numbening

Figure 43 — 132 VAC, 60 Hz.
C2: IDRAIN, 0.5 A, 2 ms/div.
C3: VDRAIN, 50 V, 2 ms/ div.
7Z2: |DRAIN, 0.5 A, 10 us / div.
Z3: VDRAIN, 50 V, 10 us / div.
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12.6 AEIEZ Eojol He & A7

File Vertical Timebase Trigger Display Cursors Measura Math Analysis Utiiies Help le Verical Timebase Trigger Display Cursors Measure Math Analysis Uiliies Help

i [y
E/'TM o3 “ H
i i
Measure P1imax(C2) P2mean(cy) PIpkRKIC2) Pa:max(C3) PSimean(Cl PEMaCY)  Measure Pl max(C2) P2mean(C P3pkpk(C2) Pé:max(C3) P&:mean(C3) Pémax(C4)
value 188Y 43 v, 194y 138y value 188Y &7 mv 182v 132V
status v v v v e it P =
b - rigger
0.0 Vidiv | 1.0 s/div) € 5 vV
1525V ofs] 1.00 M5 100 sis)Edge  Positive|

E
LeCroy 6/18/2012 1:583:46 PM

Figure 44 — 90 VAC, 60 Hz Start-up Figure 45 — 90 VAC, 60 Hz Start-up
Upper: Ipran, 500 mA / div. Upper: Ipran, 500 mA / div.
Lower: Vpran: 50 V, 1 ms / div. Lower: Vpran, 50 V, 20 us / div.

LeCroy 6i10/2012 159:23 PM

File Verical Timebase Trigger Display Cursors asure  Math sis  Utilities  Help e Veriical Timebase Trigger Display e Math Analysis Uilies Help

= [
i i
Measure P1-max(C2) PZmean(C2) PIpkpK(CZ) Pamax(C3) PS:mean(C3 PEMaXCd)  measure P1:max(C32) P2mean(C P3pkpk(C2) Pd:max(C3) P5mean(Cy) P6max(C4)
value 2ozv Aoy 2oy tosv value 189 54V 205 194
status v v v v e 0 " - v
3 Ed
& Trailing number(s) ename were truncated to allow auto-numbering. LeCroy SHMBR01Z 200:4T P

Figure 46 — 132 VAC, 60 Hz Start-up Figure 47 — 132 VAC, 60 Hz Start-up
Upper: Ipran, 500 mA / div. Upper: Ipran, 500 mA / div.
Lower: Vpran: 50 V, 1 ms / div. Lower: Vpran, 50 V, 20 us / div.
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File Verical Timebase Trigger Display Cursors Mea Math  Analysis  Utilities  Help

File Verical Timebase Trigger Display Cursors Measure Math Analysis Utiities Help

ry
i
Measure P1imax(C2) P2mean(C2 P3pkpk(C2) Paman(C3) P5mean(C3) PEmax(C4)
value 191V 5mv TV v
status v v v v
imebase _ 0.00
Roll 500 ms)
S| 1.00 M3 201
LeCroy B18/2012 225:35 PM

Figure 48 — 90 VAC, 60 Hz Output Short Condition.
Upper: Ipran, 500 mA / div.
Lower: Vpran: 50 V, 500 ms / div.

File Verical Timebase Trigger Display Cursors Measure Math Analysis Ufiities Help

Q2

Measure
value
status

LeCroy

T TTTTTT]

T
P1max(C2) PZmean(Ca) PIpkpk(C2) Pa:max(C3)
208V &6 my 210V 133v
v v v v

PS'mean(C3) PEMax(C4)

Figure 49 — 90 VAC, 60 Hz Output Short Condition.

Upper: Ipran, 500 mA / div.

Lower: Vpran, 50 V, 20 us / div.

File Verical Timebase Trigger Display Cursors Measure Math Analysis Utiities Help

Y
cz

i
Measure P1max(C2) P2mean(C2 P3:pkpk(C2) Pamax(C3) P5mean(C3) PEmax(C4)
value 170V 5mv 176Y 200¢
status v s v v

imebase 1139

Roll

A, Trailing number(s) in the filaname wers fruncated to allow auto-numbering

Figure 50 — 132 VAC, 60 Hz Output Short Condition.
Upper: Iprain, 500 MA / div.
Lower: Vpgan, 50 V, 500 ms / div.

T
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0
Measure Pimax(C2) PZmean(C2) P3pkpkiC2) PAmax(Cy) P5mean(C3) PEmax(C4)
value 202V 57 mv 208V 176V
status v v v v
LeCroy

Figure 51 — 132 VAC, 60 Hz Output Short Condition.

Upper: Ibran, 500 MA / div.

Lower: VDRAIN! 50 V, 20 l.,lS / div.
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13 Ol It

131 & MY Y 9 HE IS
Input: 120 VAC, 60 Hz

Output: 30 V LED Load
Dimmer: LUTRON LG-600PH-WH

0

File Verical Timebase Trigger Display

Sursors  Measure  Math  Analysis  Utiliies  Help

0
PIpkpkiC2)

Measure P1imax(C2) P2mean(C) Pdmax(C3) PaEmean(Cy) PE:max(C4)
value 1.9 mv 816 my av

status @ Y v

LeCroy

Figure 52 — 125° Conduction Angle.
Upper: Iy, 100 mA / div.
Lower: V,y, 50 V, 5 ms / div.

File Verlical Timebase Trigger Display Cursors MWeasure Math Analysis Ulilities Help

File Vertical Timebase Trigger Display Cursors Measure Math Analysis Utilities

T
PIpkpk(C2)

Measure P1Iimax(C) P2mean(C2) PAMaK(C3) Pameanic3) PBimax(C4)
value » 408 my 16my »816my av
status @ & Y v

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

File Vertical Timebase Trigger Display Cursors Measure Math Analysis Utiities Help

03
Measure P1max(C2) Pmean(C2) PIpkpkiC2) Pamax(C3) Pamean(C3) PB:max(C4)
wvalug = 4086 mY 16 v =816 MY av
status ¢ i T 4

Figure 54 — 65° Conduction Angle.
Upper: Iy, 100 mA / div.
Lower: Viy, 50 V, 5 ms / div.

i
Measure P1ms(C2) PZmean(C2) PIpkpK(C2) PAmax(C3) Pamean(C3) PBimax(C4)
walug 16 my =816 mY LA
status 13 ¢ T v

5.00m
1.00 M5 20 M55

Figure 55 — 45° Conduction Angle.
Upper: Iy, 100 mA / div.
Lower: Viy, 50 V, 5 ms / div.
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13.2 =8 AF I}g
Input: 120 VAC, 60 Hz

Output: 30 V LED Load
Dimmer: LUTRON LG-600PH-WH

File Verical Timebase Trigger Displal srsors  Measure Math Analysis  Ulilities Help e \Verical Timebase Trgger Display Cursors Measure Math Analysis Ulilties

0 T
Measure P1rms(C1y P2mean(C1) PIpkpkiC1) Parms(C4) Pamean(C3H PE:max(C4) Measure PLrms(C1) P2mean(C1) PIpkpk(C1) Pdrms(Cd) PameaniC3) PBimax(C4)
value $121mA 4257 mA 849 mA 134V value 2452 mA 1941 mA 547 mA
status v v v v status v v v i

LeCroy - 51 1:41 zm LeCroy

Fﬁure 56 — 125° Conduction Angle. Figure 57 — 92° Conduction Angle.
Upper: loyt, 200 mA / div. Upper: loyt, 200 mA / div.
Lower: V)y, 50 V, 5 ms / div. Lower: V,y, 50 V, 5 ms / div.

Measure P1rms(C1y P2:mean(C1) P3pkpk(C1) Parms(C4) Pamean(C3 PE:Max(C4) Measure P1rms(C1) P2mean(C1) PIpRPK(C1) Pd:rms(C4) PameaniC3) PEmMax(C4)
valug 1549 mMA 8 mA 09 mA valug 945 mA 14mA 5 MA
status v v v L3 status v v v T

A, Trailing number(s) in the flename were truncated to allow auto-numbering A\, Trailing numberis) in the filaname ware truncated to allow auto-numbering

Figure 58 — 65° Conduction Angle. Figure 59 — 45° Conduction Angle.
Upper: lout, 200 mA / div. Upper: lout, 200 mA / div.
Lower: V|y, 50 V, 5 ms / div. Lower: V|y, 50 V, 5 ms / div.
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14 84 EMI

141 HAIAE &F
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.

E Power Integrations, Inc.
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Figure 61 — Conducted EMI, 30 V LED Load, 115 VAC, 60 Hz, and EN55015 B Limits.
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15 ctel A Xl

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.

Tracel:: Max
Trace2:: Max

480.0v
460.0V

Level I3 Injection IS Test Result
Voltage . Phase Type X
V) (VAC) Location ©) (Pass/Fail)
+2500 120 L1, L2 0 \}V%?/‘;H(ZZSS”AQ) Pass
-2500 120 L1, L2 0 \}V%?/‘;H(ZZSS”AQ) Pass
+2500 120 L1, L2 90 Vl\/%(\’/‘;H(ZZ(?(;”E) Pass
-2500 120 L1, L2 90 Vl\/(;(\’/';"'(zzgc;”/g) Pass
Level I Injection I Test Result
Voltage . Phase Type X
V) (VAC) Location ©) (Pass/Fail)
+500 120 L1, L2 0 Surge (2U) Pass
-500 120 L1, L2 0 Surge (2U) Pass
+500 120 L1, L2 90 Surge (2U) Pass
-500 120 L1, L2 90 Surge (2U) Pass
2012/06/18 15:10:21 NORM:200MS /5 100us /div
Stepped (100us/div)
CHZ=100V  ©
DC: 1001

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.

E
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16 40V/350mA & LIAI0l CHS =5

16.1 It3 AECF0] A&

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 Vin 90 120 132 VAC 2 Wire —no P.E.
Frequency fuine 47 50/60 63 Hz

Output

Output Voltage Vout 39 40 41 \Y/

Output Current lout 350 mA At 115 VAC
Total Output Power

Continuous Output Power Pour 14.0 W

Efficiency

. Measured at Poyr 25 °C at

Nominal n 87 90 % 115 VAC
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.

Power Integrations E
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16.2 Q/S/E AFHAOVI350mA)

16.21 8J|IH 24 &
2

60T - #27 AWG

1
5 °

22T -#33 AWG

4

Figure 63 — Inductor Electrical Diagram.

16.2.2 MI| & A

- - — T
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.)

16.23 &

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.

E Power Integrations, Inc.
Tel: +1 408 414 9200 Fax: +1 408 414 9201
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16.2.4 215 H H& 8%

4
SOSSSESENE il

60T AWG #27

Figure 64 — Inductor Build Diagram.

16.2.5 19 H 74

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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16.3 &= L/0/E

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 [/ S84 =5
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.

. . Imin 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
Slide-to-Off Single Pole Skylark Dimmer
LUTRON S600 L Switch (RFI suppression) 600W S-600-WH 28 305 11
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 Diva DV-600P-WH Incand 600 Watt
LUTRON DV600P L Single Pole Light Dimmer in White 600W DV-600P-WH 26 282 11
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
Glyder Incandescent Single Pole 600 Watts
LUTRON GL600P-WH L Preset Dimmer, White 600W GL-600P-WH 26 290 11
LEVITON 6633PLI L SureSlide 600W Incandescent Dimmer 600W R62-06633-1LW 26 308 12
LEVITON 6631-L L gﬁrglilgileoow Incandescent Sfide Dimmer, | - g,y R62-06631-1LW 21 | 207 | 14
LEVITON IPI06 L | fumaTech Incandescent Preset Side 600W R60-1PI06-1LM 62 | 307 | s
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/ivory | 50,y R60-06684-1IW 26 | 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 28 292 10
LUTRON TGLV-600PR 450W TGLV-600PR 31 287 9
LUTRON TT-300NLH-WH | L | Luon Diva Satin 5-Amp Desert Stone Preset. {50y 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

E
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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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Figure 68 — A-THD vs. Line and Load.
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16.4.5 40V X1t

120

mClass C Limit
B mA Content

100 1

60 1

Harmonic Current (mA)

20 ¢

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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ni;

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.
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Figure 70 — Conducted EMI, 40 V/350mA LED Load, 115 VAC, 60 Hz, and EN55015 B Limits.

Page 51 of 53

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



DER-341 14.5 W A19 LED Driver Using LNK407EG

14-Sep-12

17 HE U

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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