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Figure 3 — Populated Circuit Board, Bottom View.
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6 HmE

Iltem | Qty Ref Des BE Mfg Part Number Manufacturer
1 1 BR1 1000 V, 0.8 A, Bridge Rectifier, SMD, MBS-1, 4-SOIC B10S-G Comchip
2 1 C1 220 nF, 400 V, Film ECQ-E4224KF Panasonic
3 2 C6C13 10 nF, 400 VDC, Metallized Polyester B32529C6103K189 Epcos
4 1 C7 47 nF, 400 V, Film ECQ-E4473KF Panasonic
5 1 C8 2.2 uF, 400 V, Electrolytic, (6.3 x 11) TAB2GM2R2E110 Ltec
6 1 C9 390 pF, 630 V, Ceramic, NPO, 1206 C3216C0G2J391J TDK
7 1 C10 4.7 uF, 25V, Ceramic, X7R, 1206 C3216X7R1E475K160AC TDK
8 1 Cl1 22 uF, 50 V, Electrolytic, (5 x 11) UPW1H220MDD Nichicon
9 1 C12 1000 uF, 50 V, Electrolytic, Gen. Purpose, (12.5 x 25) EKMG500ELL102MK25S | Nippon Chemi-Con
10 1 D3 600V, 1 A, Rectifier, Glass Passivated, POWERDI123 DFLR1600-7 Diodes, Inc.
11 1 D4 600V, 1 A, Fast Recovery, 250 ns, SMA RS1J-13-F Diodes, Inc.
12 1 D5 DIODE ULTRA FAST, SW, 200V, 1 A, SMA US1D-13-F Diodes, Inc.
13 1 D7 300V, 2 A, Ultrafast Recovery, 50 ns, SMB Case ES2F-E3/52T Vishay
14 3 D8 D9 D10 | 250V, 0.2 A, Fast Switching, 50 ns, SOD-323 BAV21WS-7-F Diode Inc.
15 1 F1 5A, 250V, Fast, Microfuse, Axial 0263005.MXL Littlefuse
16 2 L1L2 1.5 mH, 0.250 A, 10% RL-5480HC-3-1500 Renco
17 1 Q3 NPN, Power BJT, 400V, 1 A, TO-92 STX13003-AP ST Micro
18 2 R1 R26 1kQ, 5%, 2 W, Metal Film FMP200JR-52-1K Yageo
19 2 R2 R8 130 Q, 5%, 1 W, Thick Film, 2512 ERJ-1TYJ131U Panasonic
20 2 R10 R11 10 kQ, 5%, 1/10 W, Thick Film, 0603 ERJ-3GEYJ103V Panasonic
21 1 R12 510 kQ, 5%, 1/4 W, Thick Film, 1206 ERJ-8GEYJ514V Panasonic
22 2 R13 R14 1.80 MQ, 1%, 1/4 W, Thick Film, 1206 ERJ-8ENF1804V Panasonic
23 1 R15 200 kQ, 5%, 1/4 W, Thick Film, 1206 ERJ-8GEYJ204V Panasonic
24 1 R16 100 Q, 5%, 1/8 W, Thick Film, 0805 ERJ-6GEYJ101V Panasonic
25 1 R17 24.9 kQ, 1%, 1/16 W, Thick Film, 0603 ERJ-3EKF2492V Panasonic
26 1 R18 133 kO, 1%, 1/16 W, Thick Film, 0603 ERJ-3EKF1333V Panasonic
27 1 R19 6.2 kQ, 5%, 1/10 W, Thick Film, 0603 ERJ-3GEYJ622V Panasonic
28 1 R20 51 Q, 5%, 1/8 W, Thick Film, 0805 ERJ-6GEYJ510V Panasonic
29 1 R21 20 kQ, 5%, 1/8 W, Thick Film, 0805 ERJ-6GEYJ203V Panasonic
30 1 R22 470 kQ, 5%, 1/4 W, Thick Film, 1206 ERJ-8GEYJ474V Panasonic
31 1 R23 470 kQ, 5%, 1/4 W, Carbon Film CFR-25JB-470K Yageo
32 2 R24 R25 24 kQ, 5%, 1/8 W, Thick Film, 0805 ERJ-6GEYJ243V Panasonic
33 1 R27 301 kQ, 1%, 1/16 W, Thick Film, 0603 ERJ-3EKF3013V Panasonic
34 1 RV1 275V, 23 J, 7 mm, RADIAL V275LA4P Littlefuse
35 1 T2 Bobbin, RM5, Vertical, 6 pins P-501 Pin Shine
36 1 Ul LYTSwitch-4, eSIP-7C LYT4322E Power Integrations
37 1 VR2 20V, 5%, 500 mW, DO-213AA (MELF) ZMM5250B-7 Diodes, Inc.
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7 AVUF03D L4k

7.1 [EIEBE
WD3: 24T - #34AWG
3
Figure 7 — Inductor Electrical Diagram.
72 EmftfE
Primary Inductance Pins 1-5, all other windings open, measured at 100 kHz, 1 mH +3%
0.4 VRus.
Resonant Frequency | Pins 1-5, all other windings open. >1 MHz
7.3 H#H
Iltem s
[1] Core:RM5/I-3F3 Ferrox Cube.
[2] Bobbin:RM5-Vertical, 6 pins (3/3).AllStar Magnetics P/N:CPV-RM5-1S-6P-G.
[3] Clip:AllStar Magnetics P/N:CLI/P-RM4/5/.
[4] Magnet wire:#33 AWG - Double coated.
[5] Magnet wire:#29 AWG - Double coated.
[6] Magnet wire:#34 AWG - Double coated.
[7] Tape:3M 1298 Polyester Film, 4.5 mm wide, 2.0 mils thick, or equivalent.
[8] Varnish:Dolph BC-359 or equivalent.
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7.4 AFO8DEBEER

WD3: 24T-#34AWG O
4
5
D2: 39.5T- #29AWG
6
6
WD1: 80T - #33AWG
1

Figure 8 — Inductor Build Diagram.

15 A2FOSHEMF

Winding Place the bobbin on the mandrel with the pin side is on the left side.Winding
Preparation direction is clockwise direction.
WDL1 Start at pin 1, wind 80 turns of wire item [4] and end at pin 6. Do not put tape in-
between layer.
WD2 Start at pin 6, wind 39.5 turns of wire item [5] and end at pin 5.
Insulation Place 1 layer of tape item [7].
WD3 Start at pin 4, wind 24 turns of wire item [6] from left to right in 1 layer.At the last

turn bring the wire back to the left and end at pin 3.

Insulation Place 2 layers of tape item [7].

Grind, assemble, and secure core halves with clip item [3].

Varnish with item [7].

Cutting of extra | Cut pin 2 of the bobbin as well as the core clip which is closer to pin 5 and pin 6. Do
pins not cut the other clip as this will be soldered onto PCB.

Final Assembly

Power Integrations
Tel: +1 408 414 9200 Fax: +1 408 414 9201
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8 AVFIEDEEEE—F

ACDC_LYTSwitch-
4_Buck_102413; ACDC_LYTSwitch_102413:
Rev.1.0; Copyright INPUT INFO OUTPUT UNIT LYTSwitch-4 Buck / Tapped Buck
Power Integrations Design Spreadsheet
2013
ENTER APPLICATION VARIABLES
Topology Selection Tapped-Buck
Dimming required vEs ves required. Othenwise select NG
VACMIN 195.00 195 \% Minimum AC Input Voltage
VACNOM 230 \% Nominal AC Input Voltage
VACMAX 265 \% Maximum AC input voltage
fL 50 Hz AC Mains Frequency
VO 41.00 a1 v Typical output voltage of LED string
at full load
VO_MAX 44 \% Maximum LED string Voltage
VO_MIN 38 \% Minimum LED string Voltage
10 0.35 0.35 A Typical full load LED current
PO 14.35 Watts Output Power
n 0.86 0.86 Estimated efficiency of operation
Feedback System BIAS BIAS BIAS Supply
Bias Voltage 25 \% Bias Voltage
ENTER LYTSwitch VARIABLES
LYTSwitch LYT4xx2 LYT4322 Selected LYTSwitch device.
Select "RED" for reduced Current
Current Limit Mode FULL FULL Limit mode or "FULL" for Full
current limit mode
ILIMITMIN 0.790 A Minimum current limit
ILIMITMAX 0.920 A Maximum current limit
fS 132000 Hz Switching Frequency
fSmin 124000 Hz Minimum Switching Frequency
fSmax 140000 Hz Maximum Switching Frequency
\ 80.57 uA V pin current
Rv 4 M-ohms Voltage sense resistor
Rref 24.9 k-ohms Reference Resistor Value
IFB 165 UA LIjE)pin current (90 uA < IFB < 210
RFB 133 k-ohms IFB setting resistor
VDS 10 v I\_/zl'lt':g\l/;itch on-state Drain to Source
VD 05 v \C/)glttp;;tevglrigging Diode Forward
VDB 0.7 v \B;lc:tsa\é\/emgrlgg Diode Forward
CBP 4.7 uF BP pin capacitor
Key Design Parameters
L TOTAL 1000.00 1000 uH Total Inductance
Turns Ratio (Np/Ns). For Buck
N_RATIO S 3.00 Topology, N(RpATIC))zl
Ripple to Peak Current Ratio
KP_VNOM 1.14 v AngIN poak)
Ripple to Peak Current Ratio
KP_VMIN 1.11 VAngIN poak)
T_ON_MIN 101 us \I\;Ici)rllti%uem T_ON at Maximum Input
Duty_Expected 0.33 \l\;llAnér,?AL:’(‘n duty cycle at peak of
Expected 10 0.35 A Expected Average Output Current

Power Integrations, Inc.
Tel: +1 408 414 9200 Fax: +1 408 414 9201
Wwww. powerint.com
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DER-395 14.3 W PAR30 HLO Dimmable LED Driver Using LYT4322E

(average)
IFB_VO_MAX 179 UA FB pin current at VO_MAX
IFB_VO_MIN 152 UA FB pin current at VO_MIN
STRESS PARAMETERS
Peak voltage at the Drain of
VDRAIN 562.77 LYTSwitch (assuming 100V
leakage spike)
VDIODE 18759 dPiizlévoltage across freewheeling
P 0.57 A P_ea_k Prirqary Current (calculated at
minimum input voltage VACMIN)
Peak Secondary Current
ISP 1.71 A (calculated at minimum input
voltage VACMIN)
Bias Rectifier Maximum Peak
Inverse Voltage (calculated at
PIVB 94.06 v VO_MAX, exgluées leakage
inductance spike)
INPUT CURRENT PARAMETERS
Average Primary Current at
IAVG 0.07 A VAo y
h e
DC INPUT VOLTAGE PARAMETERS
VMIN 276 \ Peak input voltage at VACMIN
VMAX 375 \ Peak input voltage at VACMAX
VIN_OVP 495 v %?ie(;ﬂolﬂjne Overvoltage Protection
TRANSFORMER CORE/CONSTRUCTION VARIABLES
Core Type RM5/I RM5/I Selected Core for inductor
Core RM5/I PIN: RM5/1-3F3
Bobbin RM5/I_BOBBIN PIN: CSV-RM5-1S-6P-G
AE 0.248 cm”2 Core Effective Cross Sectional Area
LE 2.32 cm Core Effective Path Length
AL 1700 nH/TA2 Ungapped Core Effective
Inductance
BW 4.68 mm Bobbin Physical Winding Width
Safety Margin Width (Half the
M 0 mm Primary to Secondary Creepage
Distance)
NLAYER_PRI 4.00 4 Number of Primary Layers
NLAYER_SEC 3.00 3 Number of Secondary Layers
TRANSFORMER PRIMARY DESIGN PARAMETERS
L TOTAL 1000 uH Total Inductance
Turns Ratio (Np/Ns). For Buck
N_RATIO 3 Topology, NERpATIC))zl
N_TOTAL 120.00 120 lgfgnggg?er of Turns (primary +
NS 40 Secondary winding turns
NB 24 Bias number of turns
ALG 69 nH/T"2 Gapped Core Effective Inductance
BM 2047 Gauss (l\|/|3a,\;|<|<rggr0n();:lux Density at PO, VMIN
BP 3091 Gauss Peak Flux Density (BP<4200)
R e R e
ur 1266 Eglrztlve Permeability of Ungapped
LG 0.43 mm Gap Length (Lg > 0.1 mm)
BWE 18.72 mm Effective Bobbin Width

Page 17 of 51
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Maximum Primary Wire Diameter

oD 0.23 mm . P )
including insulation

Estimated Total Insulation

INS 0.05 mm Thickness (= 2 * film thickness)

DIA 0.19 mm Bare conductor diameter

Primary Wire Gauge (Rounded to

ANG 33 AWG next smaller standard AWG value)

— 51 Cmils B_are cond_uctor effective area in
circular mils

— 2 Crmils/Amp Primary Winding Current Capacity

(200 < CMA < 500)

TRANSFORMER SECONDARY DESIGN PARAMETERS
Lumped parameters

ISP 1.71 A Peak Secondary Current

ISRMS 0.59 A Secondary RMS Current

BWES 14.04 mm Effective Bobbin Width

oDS 0.35 mm S_econdary Maximum Outside
Diameter

Estimated Total Insulation

INSS 0.06 mm Thickness (= 2 * film thickness)

DIAS 0.29 mm Secondary Mlnlmum Bare
Conductor Diameter
Secondary Wire Gauge (Rounded

AWGS 29.00 AWG up to next larger standard AWG
value)

CMS 128.00 Crils S_ec_ondary_Bare Co_nductor
minimum circular mils

CMAS 210.68 Cmils/Amp Secondary Winding Current

Capacity (200 < CMAS < 500)

Estimated Input Current Harmonic Analysis

Max Current

Harmonic (mA) Limit (mA)
1st Harmonic 69.64 N/A Fundamental (mA)
3rd Harmonic 12.34 56.73 PASS. 3rd Harmonic current
content is lower than the limit
5th Harmonic 257 31.70 PASS. 5th Harmonic current
content is lower than the limit
7th Harmonic 0.90 16.69 PASS. 7th Harmonic current
content is lower than the limit
9th Harmonic 2.28 8.34 PASS. 9th Harmonic current
content is lower than the limit
11th Harmonic 2.70 5.84 PASS. 11th Harmonic current
content is lower than the limit
13th Harmonic 2.61 4.94 PASS. 13th Harmonic current
content is lower than the limit
15th Harmonic 2.24 428 PASS. 15th Harmonic current
content is lower than the limit
THD 195 % Estimated total Harmonic Distortion

(THD)

Power Integrations, Inc.
Tel: +1 408 414 9200 Fax: +1 408 414 9201
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9 fEET—4

All measurements performed at room temperature using an LED load.The following data
was taken measured using 3 sets of loads representing a load range of 38 V to 44 V
(output voltage).Refer to the table in Section 9.6 for complete test data values.

9.1 HE

88.0

==38 V LED
==41V LED
87.5 =m=44 \/ LED

0 ©
o N
[ o

Efficiency (%)
&
o

85.5

85.0

84.5

84.0 ” ” ” ” ” ” ” ” ”
180 190 200 210 220 230 240 250 260 270 280
Input Voltage (VAC)

Figure 9 — Efficiency vs. Line and Load

Power Integrations
Tel: +1 408 414 9200 Fax: +1 408 414 9201
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9.2 ABDRUEHLFaL—>3>

367
==38 VV LED
ap=/]1 \ LED
=B=44 \/ LED

362

357 + e

w
D
~

Output Current (mA)
w
a1
N

342 +

337 ¢

332

180 190 200 210 220 230 240 250 260 270 280

Input Voltage (VAC)
Figure 10 — Regulation vs. Line and Load

Power Integrations, Inc.
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5.0
==38 VV LED
4.0 s =+=41V LED
. =m=44 \ LED
3.0 ¢«
2 O L »

=
o

Regulation (%)
o
o

180 190 200 210 220 230 240 250 260 270 280
Input Voltage (VAC)

Figure 11 — % Regulation vs. Line and Load.
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9.3 AHE

Power Factor

1.00

0.99

0.98

0.92

0.91

0.90

==38 V LED
==41V LED
=m=44 \/ LED

180 190 200 210 220 230 240 250

Input Voltage (VAC)
Figure 12 — Power Factor vs. Line and Load.

260 270 280
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9.4 A-THD

26

==38 V LED
==41V LED
=m=44 \/ LED

24 +

22 +

N
o

A-THD (%)
H
(o]

12

180 190 200 210 220 230 240 250 260 270 280
Input Voltage (VAC)
Figure 13 — A-THD vs. Line and Load.

Power Integrations
Tel: +1 408 414 9200 Fax: +1 408 414 9201
Page 23 of 51 www.powerint.com



DER-395 14.3 W PAR30 HLO Dimmable LED Driver Using LYT4322E 27-Feb-14

9.5 FEHERS

60 —

mClass C Limit
@ Harmonic Content

Harmonic Content (mA)
N N w w N N
o (€3] o ($1 o (¢]

=
(&)

3 5 7 9 11 13 15 17 19 21 23 25 27 29 31 33 35 37 39
Harmonic Order
Figure 14 — 41 V LED Load Input Current Harmonics at 230 VAC, 50 Hz.
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9.6 MBET—H
All measurements were taken with the board at open frame, 25 °C ambient, and 50 Hz
line frequency.

9.6.1 38V LED &fEOT—4

AR Input Measurement Load Measurement
VAC Freq Vin Iin Pin Vour lour Pour Efficiency
PF %ATHD % Re
(Vews) | (H2) | (Vews) | (mAcws) | (W) : (Vo) | (mAx) | (W) (%) 0 ed
195 50 194.94 80.88 15.332 | 0.972 17.62 38.0540 | 345.490 | 13.163 85.85 -1.29
200 50 199.92 78.92 15.300 | 0.970 18.22 38.0350 | 345.270 | 13.148 85.93 -1.35
220 50 219.98 72.56 15.322 | 0.960 19.44 38.0270 | 346.380 | 13.187 86.07 -1.03
230 50 229.93 69.71 15.298 | 0.954 19.82 38.0100 | 345.830 | 13.160 86.02 -1.19
240 50 239.97 67.19 15.288 | 0.948 20.16 37.9940 | 345.370 | 13.137 85.93 -1.32
265 50 264.94 62.38 15.346 | 0.929 | 22.0800 | 37.9820 | 345.360 | 13.132 85.57 -1.33
9.6.2 41V LED &RiEEDT—4
AN Input Measurement Load Measurement
VAC Freq Vin Iin Pin Vour lour Pour Efficiency
PF %ATHD % Re
(Vews) | (H2) | (Vews) | (MAmus) | (W) : (Voo) | (mAcg) | (W) (%) °red
195 50 194.94 88.26 16.812 | 0.977 16.29 40.9500 | 351.930 | 14.427 85.81 0.55
200 50 199.92 86.06 16.766 | 0.974 17.16 40.9270 | 351.650 | 14.408 85.94 0.47
220 50 219.98 78.88 16.750 | 0.965 18.76 40.9130 | 352.270 | 14.428 86.14 0.65
230 50 229.93 75.68 16.715 | 0.961 19.15 40.8920 | 351.610 | 14.393 86.11 0.46
240 50 239.96 72.74 16.676 | 0.955 19.42 40.8690 | 350.610 | 14.344 86.02 0.17
265 50 264.94 66.92 16.622 | 0.938 | 21.4400 | 40.8400 | 348.590 | 14.251 85.74 -0.40
9.6.3 44V LED BIEOT—4
AR Input Measurement Load Measurement
VAC Freq V|N IIN P|N VOUT IOUT POUT Efficiency
PF %ATHD % Re
(Vews) | (H2) | (Vaws) | (MArus) | (W) ’ (Vo) | (MAxg) | (W) (%) o=
195 50 194.94 95.20 18.209 | 0.981 14.82 43.6670 | 357.220 | 15.615 85.75 2.06
200 50 199.92 92.76 18.148 | 0.979 15.82 43.6470 | 356.770 | 15.588 85.89 1.93
220 50 219.98 85.10 18.151 | 0.970 18.14 43.6410 | 358.150 | 15.646 86.20 2.33
230 50 229.93 81.57 18.106 | 0.965 18.54 43.6210 | 357.460 | 15.608 86.20 2.13
240 50 239.96 78.30 18.052 | 0.961 18.87 43.5980 | 356.290 | 15.548 86.13 1.80
265 50 264.94 71.47 17.898 | 0.945 | 20.5800 | 43.5590 | 352.540 | 15.370 85.88 0.73

Power Integrations
Tel: +1 408 414 9200 Fax: +1 408 414 9201
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10 FAXMERET—4

TRIAC dimming results were taken with input voltage of 230 VAC, 50 Hz line frequency,
room temperature, and nominal 41 V LED load.

10.1 Y—771>0 T K FE L /=58 DA H—T

Taken using programmable AC source providing leading edge chopped AC input

400
eie=180-0
=$=0-180
350 +
300 +

N
al
o

Output Current (mA)
= N)
a o
o o

100 1

50 1

0O 10 20 30 40 50 60 70 80 90 100 110 120 130 140 150 160 170 180
Conduction Angle (8)
Figure 15 — Leading Edge Dimming Characteristics.

Power Integrations, Inc.
Tel: +1 408 414 9200 Fax: +1 408 414 9201

www.powerint.com Page 26 of 51



27-Feb-14

DER-395 14.3 W PAR30 HLO Dimmable LED Driver Using LYT4322E

10.2 FHABDELBMIIF

The unit was tested with the following high-line dimmers at 230 VAC, 50 Hz input and
41 V LED load and using Agilent 6812B AC source.

Chinese Dimmers Type MwlmuTmie)ttmg lout MlnlmuTmS:)ttlng lout F?z;tn:o
TCL 630 W L 345 15 23
SEN BO LANG 300W L 345 55 6
EBA HUANG L 345 3 115
SB ELECT 600 W L 334 3 115
MYONGBO L 346 49 7
KBE 650W L 345 4 86
CLIPMEI L 345 3 115
MANK 200 W L 346 63 5
Italian Dimmers
RELCO RM34DMA 160W L 341 38 9
RELCO RTM34LED DAXS 500W L 276 25 11
RELCO RM34DMA 500W L 346 48 7
RELCO RTS34.43 RLI 300W L 346 9 38
RELCO RT34DSL 500W L 347 45 8
MATIX AM5702 500W L 277 58 5
Korean Dimmers
SHIN SUNG 500W L 343 71 5
FANTASIA 500W L 340 84 4
SHIN SUNG L 345 53 7
EU Dimmers
NIKO 310-013 L 338 40 8
NIKO 310-014 L 338 62 5
NIKO-310-016 L 335 55 6
BERKER 2830 10 L 323 46 7
JUNG 225 NV DE L 319 21 15
JUNG 266 G DE L 323 35 9
BUSCH 2200 UJ-212 L 321 52 6
BUSCH 2250 U L 330 23 14
BUSCH 2247 U L 323 47 7
GIRA 2262 00 /101 L 325 14 23
GIRA 0300 00 /101 L 320 57 6
GIRA 0302 00/101 L 324 37 9
BUSCH 2250 L 330 27 12
MERTEN 572499 L 339 12 28
BERKER 2875 600 W L 324 34 10
KOPP 8033 L 301 33 9
Australian Dimmers
32E450LM L 306 4 77
32E450TM T 311 34 9
32E2CFLDM T 307 32 10
32E450UDM T 326 45 7
Trailing Edge Dimmers
PEHA 433HAB T 316 90 4

Page 27 of 51
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PEHA 433HAB oA T 285 50 6
BUSCH 6513 T 341 99 3
BUSCH 6591U-101 T 330 93 4
GIRA 1176 T 330 109 3
NIKO 310-017 T 307 76 4

Figure 16 — Compatibility List.

Power Integrations, Inc.
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11 8vistE

111 F—F> IL—LHF

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

11.1.1 FEFASLEE Viy = 195 VAC, 50 Hz (41 V LED &7F)

Figure 18 — Top Side.
U1-LYT4322E:80.8 °C. T2:77.8 °C.

76.6~°C  $FLIR

Figure 19 — Bottom Side.
PCB:76.6 °C.

Power Integrations E
Tel: +1 408 414 9200 Fax: +1 408 414 9201
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11.1.2 FEFASLEE Viy = 265 VAC, 50 Hz (41 V LED &7F)

Figure 20 — Top Side. Figure 21 — Top Side, Inductor.
U1-LYT4322E:82.4 °C. T2:84.8 °C.

Figure 22 — Bottom Side.
PCB:80.6 °C.

Power Integrations, Inc.
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11.2 SEBFD LED EL/ICH 158 EHE

Figure 23 — Actual LED Enclosure Used in Thermal Verification.
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Figure 24 — V,y = 195 VAC, Non-Dimming. Figure 25 — V,y = 265 VAC, Non-Dimming.

GROUP 1 =
2mi3na3l 18:15:05 e EVENT I 1day
1Bnin/div

e

r— -4l

85.0

= "C

= 112.8

£ °C

= 61.4

= ;

18351 17il 17:31 17251 i 39 . 5

Figure 26 — V,y = 230 VAC, Dimming at 90°
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12 JEERSLERD R
121 ABDEEEASEFTD KR

LeCroy - I&‘)&'}DI‘!!QJ’ N LeCroy — 12013 B30.10 PM
Figure 27 — 195 VAC, Full Load. Figure 28 — 265 VAC, Full Load.

Upper:ly, 50 mA / div. Upper:ly, 50 mA / div.

Lower:Vy, 200 V, 10 ms/ div. Lower:Vy, 200 V, 10 ms/ div.

12.2 JE ﬁﬁﬁ@ﬂﬂ?&éﬂﬂ?ﬁ

ﬁnn L] r:]l:';r;;; P2 I!"'T;III.."“jA P3 vl;;:]k}:tig L Im‘:‘unqe PEpkokiC4) PB mean(C8 Measure E1LmeanChH P2 Ir‘\‘Jvllll.."‘jA P3 vl:;;i;:ti: L Im;;ué‘;; PEpkokiC4) PB mean(C8
mm - 1072820138352 I‘“ — 1OF2R201 3 83542 N
Flgure 29 — 195 VAC, 50 Hz Full Load. Flgure 30 — 265 VAC, 50 Hz Full Load.

Upper:loyt, 100 mA / div. Upper:loyt, 100 mA / div.

Lower:Vour, 10 V, 10 ms/ div. Lower:Vour, 10 V, 10 ms/ div.

Power Integrations, Inc.
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12.3 BEIFEDATEFELLEH I ERDER

M T

]
i

-'|
U‘f

I

Y \
A i

" "
M

i

%

LA .
i

1 2R201 3BT 45 PM 1¥ 282013 838 56 PM

Figure 31 — 195 VAC, 50 Hz. Figure 32 — 265 VAC, 50 Hz.
Upper:loyt, 100 mA / div. Upper:loyt, 100m A/ div.
Lower:Vy, 200 V, 100 ms / div. Lower:Vy, 200 V, 100 ms / div.
Start-up Time:146 ms Start-up Time:133 ms

12.4 BEBHHFDFL 1> EEEFL 12T

104202013 7.06.06 PM LeCroy

Figure 33 — 195 VAC, 50 Hz. Figure 34 — 195 VAC, 50 Hz.
Upper:IDRA|N, 100 mA / div. Upper:IDRA|N, 100 mA / div.
Lower:Vpramn, 100V, 5 ms [ div. Lower:Vpran, 100 V/ diV., 5 us / div.
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Measure B1masc1) PLmam(c4) (] PE meanica PEpREKCY) P mean(c )
valE 557 v My
staus v o

Figure 35 — 230 VAC, 50 Hz.
Upper:IDRA|N, 100 mA / div.
Lower:Vpramn, 100V, 5 ms [ div.

Measure B1masc1) PLmam(c4)
557 v SV
v o

Figure 37 — 265 VAC, 50 Hz.
Upper:IDRA|N, 100 mA / div.
Lower:Vpramn, 100V, 5 ms [ div.

12201370347 PM

P3pkokieE P& mganic FopkokCH P mean(c 8

Measure P1.man(1) P2 4] PIokokiCH
valg 554 mv Wiy
status Cd L4

LeCroy

Figure 36 — 230 VAC, 50 Hz.

Upper:IDRA|N, 100 mA / div.
Lower:Vpran, 100 V/ diV., 5 us / div.
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557 v seV
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Figure 38 — 265 VAC, 50 Hz.
Upper:IDRA|N, 100 mA / div.
Lower:Vpran, 100 V/ diV., 5 us / div.
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12.5 ZBEBFEDFL 1> EBELFL 1B

DRAN CURRENT

| LRANYRLTAGT
B ) ~—
Measire PLmanc 1) F2manice) FipkHCH  PEmeanics FSORIMGY)  FRmeantcs
valug 1041V IV
sHans *

s1ats v

LeCroy 12013 T 1341

Figure 39 — 195 VAC, 50 Hz Start-up.
Upper:IDRA|N, 200 mA / div.
Lower:Vpramn, 100V, 2 ms [ div.
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Figure 40 — 195 VAC, 50 Hz Start-up.

Upper:IDRA|N, 200 mA / div.
Lower:Vpramn, 100 V, 10 us / div.

|
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{ LRANYVELTAGE
- SRS NS - =
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vale 1204v 452V
v
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Figure 41 — 265 VAC, 50 Hz Start-up.
Upper:IDRA|N, 200 mA / div.
Lower:Vpramn, 100 V, 2 ms [ div.

LaCroy VG013 T 1517

| pRaNvoLTAGE |
s ||

P1man(c1) P mam(C4) PIokokiCH P& mganic
1.24Y eV
- v

122013 T 1605 PM

Figure 42 — 265 VAC, 50 Hz Start-up.

Upper:IDRA|N, 200 mA / div.
Lower:Vpramn, 100 V, 10 us / div.
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12.6 HHOEHREDRFL 1> BT, RUFL1EE
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Figure 43 — 195 VAC, 50 Hz Output Short Condition.

Upper:IDRA|N, 200 mA / div.
Lower:Vpran, 100 V, 200 ms / div.

Figure 44 — 195 VAC, 50 Hz Output Short Condition.
Upper:IDRA|N, 200 mA / div.
Lower:Vpramn, 100V, 10 us / div.
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Figure 45 — 265 VAC, 50 Hz Output Short Condition.
Upper:IDRA|N, 200 mA / div.
Lower:Vpran 100 V, 200 ms / div.

Lo

Figure 46 — 265 VAC, 50 Hz Output Short Condition.
Upper:IDRA|N, 200 mA / div.
LOWQT:VDRNN‘ 100V, 10 us / div.

Power Integrations, Inc.
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12.7 HHE1F—FERZRRVSEEDEFE

IR CLEREN

r hmg&;&i - T m F
m 1201 T 4o~;rm LeCroy I:.:-!
Figure 47 — 195 VAC, 50 Hz. Figure 48 — 195 VAC, 50 Hz.
Upper:lp7, 0.5 A/ div. Upper:lp7, 0.5 A/ div.
Lower:Vp7, 50 V, 5 ms / div. Lower:Vp7, 50 V / div., 5 ps / div.

|58 ) A

i
Measure B1masc1) PLmamcn FIpkIkCE PE meanica FApkIkICA) P manic ) Measure F1mas(c1) PLmam(Cn Pivkuk =] P& meanica PEpREKCY) Pa.sman
22V 174 FALRY mv
v o v o

y
Figure 49 — 265 VAC, 50 Hz.
Upper:lp7, 0.5 A/ div. Upper:lp7, 0.5 A/ div.
Lower:Vp7, 50 V, 5 ms / div. Lower:Vp7, 50 V / div., 5 ps / div.

LeCroy
Figure 50 — 265 VAC, 50 Hz.

Power Integrations E
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12.8 HHZ1F—FERRVSEFEDEY KEF

e — | WL W

Measure B1masc1) PLmamG (] PE meanica FApkIkICA) P mean(c ) Measure F1mas(c1) PLmam(cn FIpkIKCE P& mean(cE P8 pkpkiC4) P mean(ce)

Mm 17282013 230 51 Mm - 122013 0
Figure 51 — 195 VAC, 50 Hz. Figure 52 — 265 VAC, 50 Hz.

Upper:lp7, 1 A/ div. Upper:lp7, 1 A/ div.

Lower:Vp7, 50 V, 2 ms/ div. Lower:Vp7, 50 V / div., 2 ms/ div.

129 HHZ1F—FERR VS EFEDEHREFR

' DO CLEREHT l

7 " 3
FEmanF1) PLmami) P8 meanic1) P meanic s PLmacn FEmanF1) PamamC4) PEman(c1) P mean(c )
v
o

Figure 53 — 195 VAC, 50 Hz. Figure 54 — 265 VAC, 50 Hz.
Upper:lp7, 1 A/ div. Upper:lp7, 1 A/ div.
Lower:Vp7, 50 V, 200 ms/ div. Lower:Vp7, 50 V / div., 200 ms/ div.

Power Integrations, Inc.
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12.10 &t

1202013 B.50.40 PM

Figure 55 — 230 VAC, 50 Hz.
CH4:Vour, 10V / div.
CH3:lout, 100 mA / div.
CH2:V |\, 200 V / div.

Power Integrations
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12.11 AHBE

IR, i
[ W\J\r“ A

ey VLT,

-’\ﬁfﬁ\r\i"”ﬁf,m L H‘r M
f W ‘ il \HJ J 't\J

MR T
e e e e
Figure 56 — 230 VAC, 50 Hz. Figure 57 — 230 VAC, 50 Hz.
300 ms ON, 300 ms OFF. 20 ms ON, 20 ms OFF.
Upper:loyt, 100 mA / div. Upper:loyt, 100 mA / div.
Lower:Vy, 200 V /div, 100 ms / div.

Lower:V,y, 200 V /div, 1 s/ div.

f‘u "11"L|’\|n“n|f|r "'I'. f’il 'u'J Lr'lﬂl"n‘ lfl
l.'l '|H||1,|'|'JJ1I,I1IJ.II'|J “IIHJULII hH l“ “ MJ][ []IHIJ
[ e
LeCray

Figure 58 — 195 V to 265 V Step.
Upper:lou‘r, 100 mA / div.
Lower:Vy, 200 V, 100 ms/ div.

Power Integrations, Inc.
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13 SRR DKM

13.1 ANEEEASEFTDKEE

Input:230 VAC, 50 Hz
Output:41 V LED Load
Dimmer:BUSCH 2250 600 W

LeCron LeCroy

Figare 59 — 160° Conduction Angle. Figure 60 — 90° Conduction Angle.
Upper:liy, 50 mA / div. Upper:ly, 50 mA / div.
Lower:Vy, 200 V, 5 ms/ div. Lower:Vy, 200 V, 5 ms/ div.

LeCroy |cmrzn|1r15:’nm %m : |cmrzn|1r'!sonm
Figure 61 — 60° Conduction Angle. Figure 62 — 45° Conduction Angle.

Upper:ly, 50 mA / div. Upper:liy, 50 mA / div.

Lower:Vy, 200 V, 5 ms/ div. Lower:Vy, 200 V, 5 ms/ div.

Power Integrations
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13.2 HHEHRDERE

Input:230 VAC, 50 Hz
Output:41 V LED Load
Dimmer:BUSCH 2250 600 W

LITPIT CLFRENT

Measure P1manc3) PZmpanicy ExmanF 1) PG4 Measure P1manc3) PLmpanic R ExmanF 1) Pmam{C4) PEman(c) P mean(c 8
Vg EImA 1N0z2ma valug 185 mA 1464 ma
stuns - v stums - v

12013 oo PM 1201373353 PM

LeCroy LeCroy

Figure 63 — 160° Conduction Angle. Figure 64 — 90° Conduction Angle.
Upper:loyt, 100 mA / div. Upper:loyt, 100 mA / div.
Lower:Vy, 200 V, 5 ms/ div. Lower:Vy, 200 V, 5 ms/ div.

BT A ReTE

CUTPUT CLURSENT

S S IS NS SSae S e

Measure P1mas 3 FImeanich FEmanF1) PLmami) PEman(c1) P meanic s Measure P1mas 3 PImpanica FEmanF1) PLmmC4) P8 meanic1) P meanic s
valE 105 mA nIma valug B2mA 43.2mA
Aat v o stabus v o

122013 73640

1201374

LeCray LeCray

Figure 65 — 60° Conduction Angle. Figure 66 — 45° Conduction Angle.
Upper:loyt, 100 mA / div. Upper:loyt, 100 mA / div.
Lower:Vy, 200 V, 5 ms/ div. Lower:Vy, 200 V, 5 ms/ div.
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14 {z¥E EMI

14.1 yh7vF
The unit was tested using LED load (~41 V Vour) with input voltage of 230 VAC, 60 Hz at
room temperature.

Power Integrations
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14.2 TR EE
Poner Intearations RBW 9 kHz
30.Oct 13 11:41 MT 500 ms
Att 10 dB AUTC
(=8 Y]
LIMIT CHECK PASS
(S
e
2 A
AR T
|
\\+ . +.A |
a

Ry “

mn

i

Tracel : ENG5015Q
TraceZ: EN550152
Trace3: -——=
TRACE FREQUENCY
2  Average
2 Average 136.137431366 kHz
1 Quasi Peak 153.015 kH=z
2  Average 267.13508%9486 kHz
2 Average 401.705024172 kH:z
1 Quasi Peak 530.769219795 kH:z
2  Average 536.076911993 kHz
1 Quasi Peak 667 .263434405 kH:z
2 Average 667.263434405 kH:z
1 CQuasi Peak 798.145472681 kH:z
1 Quasi Peak ©35.888336808 kH:
2 Average ©35.888336808 kH:z
1 Quas=si Peak 1.06512822736 MH:z
2 Average 1.06512822736 MHz
1 Quasi Peak 1.2002131468% MHz
2  Average 1.20021314689 MH:z
1 Quasi Peak 1.325781%8%872& MH:z
1 Quasi Peak 1.46448812765 MHz
2  Average 1.46448812765 MH:z
1 Quasi Peak 1.85651131803 MH:z

Figure 68 — Conducted EMI, 41 V LED Load,

LEVEL dBuv

DELTA LIMIT dB

30.68 N gnd

51.84 L1 gnd

49.36 L1 gnd -16.46
38.32 L1 gnd -12.88
35.94 L1 gnd -11.87
47.4¢ L1 gnd -8.53
37.63 L1 gnd -8.36
45.00 L1 gnd -10.99
36.42 L1 gnd -9.57
45.40 L1 gnd -10.59
44.48 L1 gnd -11.51
35.86 L1 gnd -10.03
46.53 L1 gnd -9.46
36.28 L1 gnd -9.71
45.12 L1 gnd -10.88
33.28 L1 gnd -12.71
44.71 L1 gnd -11.28
44.81 L1 gnd -11.18
34.07 L1 gnd -11.92
45.00 L1 gnd -11.00

230 VAC, 60 Hz, and EN55015 B Limits.

Power Integrations, Inc.
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15 ABY—IURER
The unit was subjected to £2500 V, 100 kHz ring wave and £500 V differential surge at

230 VAC using 10 strikes at each condition.A test failure was defined as a non-
recoverable interruption of output requiring supply repair or recycling of input voltage.

Level VI(?I[t):g;e Injection Inlgtra]t;:;slgn Type Test Result
) (VAC) Location ©) (Pass/Fail)
100 kHz Ring
+2500 230 L1, L2 0 Wave (500 A) Pass
100 kHz Ring
-2500 230 L1, L2 90 Wave (500 A) Pass
100 kHz Ring
+2500 230 L1, L2 0 Wave (500 A) Pass
100 kHz Ring
-2500 230 L1, L2 90 Wave (500 A) Pass
Level VI(?I[t):g;e Injection Inlgtra]t;:;slgn Type Test Result
) (VAC) Location ©) (Pass/Fail)
+500 230 L1, L2 0 Surge (2Q) Pass
-500 230 L1, L2 90 Surge (2Q) Pass
+500 230 L1, L2 0 Surge (2Q) Pass
-500 230 L1, L2 90 Surge (2Q) Pass

D

i
Measure P1:maxi(C1) PZmax(C) P3max(F1) Pamax(C4) P5meaniC1) FE:max(C4) Measure Plmaxi(C1) PZmax(C2) F3max(F1) Pamax(C4) P5meaniC1) FE:max(C4)
value EEIRY STV v 532v
v s sta s

Upper:VBULK, 200 V / div. Upper:VBULK, 200 V / div.
Lower:Vpramn, 200V, 20 us / div. Lower:Vpramn, 200V, 20 us / div.

Power Integrations
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27-Feb-14

BLLK VOLTAGE |
;i “‘

DRAIN VOLTAGE
=1

Measure Pl max(C1) P2Zman(c2) P3max(F1) Pamax(C4) P5meaniC1) PEmax(Ca)
value 200V 62V
status v v

Waiting for Trigger

LeCay

Figure 71 — (-)500 V Differential Surge, 270°.
Upper:VBULK, 200 V / div.
Lower:Vpramn, 200V, 20 us / div.

BULK VOLTAGE t
y —— —— ——t —— ——f y——i +

£y
Measure Pl max(C1) P2Zman(c2) P3max(F1) Pamax(C4) P5meaniC1) PEmax(Ca)
value WY 529V
status v v

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

Figure 72 — (-)500 V Differential Surge, 0°.
Upper:VBULK, 200 V / div.
Lower:Vpramn, 200V, 20 us / div.

BULK VOLTAGE e i

| I {
o l -.5
v I

"

i
Measure P1:max(C1) PZmax(C2) P3maxiF1) Pamax(C4) P& mean(C1) PE&:max(C4)
value My 545V
status v L

0
LeCr

Y
Figure 73 — (+)2.5 kV Ring Wave, 90°.
Upper:VBULK, 200 V / div.
Lower:Vpramn, 200V, 20 us / div.

BULK VOLTAGE m

DRAIY VOLITAGE

_"
c2 |

i
Measure P1:max(C1) PZmax(C2) P3maxiF1) Pamax(C4) P& mean(C1) PE&:max(C4)
value My 542V
status v v

LeCroy

Figure 74 — (-)2.5 kV Ring Wave, 90°.
Upper:VBULK, 200 V / div.
Lower:Vpramn, 200V, 20 us / div.
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16 f+&x

This section describes the operation of the optional active damper circuit that is
incorporated in the pcb layout.

16.1 o717 %2/ Y—D AR

R10
10kD
1BwW

5]
15mH

R1 R26
VA1 R9 P-
1k < 1kQ
Dzzs 15000 a0k o3 Pyn
9 %
<
==10n
FMMT458TA 50V

D1

c2 DFLR1600-7
100 pF == 600V
1000 V B6

2 MO
3 1%

162 kQQ 2

1% < R7

2 MQ
R4 1%
< VR1 R9
1612(;‘9 s DZ2S15000L 301 kQ
° 15V 1%
Q1 G4
S ==10nF
FMMT458TA o
c3 |

R5 | ==33nF
30.1 kO < 50 V R2

1% < 130 Q

AAA 1
L 4 Yyy -
R8
130 Q

PI-7273-022714

Figure 75 — Active Damper Schematic.

oo o o oo o e e e e e o o e

PI-7272-022714
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10k o
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—_— 600V 41V, 350 mA
3 o
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390 pF 200 kex
eIy 4 o7 c1z R4 b R2s b
A esorcamer 1000 yF A 24k $ 2akD S
300V 50V usw 1BWY
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10w 2
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m3 R 05 R
1802 18Ma usin ¥ 20 Lot g
1% 1% % Taows
o o W UBW
=100F 47 nF == AN A
400V 400V M Ln
LYTSwitch-4 22 uF
u1 R19 w0V
°  Lrtasme G700
1% o9
|- conmon | 116W BAV2IWS-7-F
I R18
5 FB 133 k(Y
1%
1BW
A
s
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[
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16.2 [E/EEDH B

Resistors R2 and R8 provide passive damping and the surrounding circuit comprised of
D1, R6, R7, C3, VR1, C4, Q2, and R9 minimize power dissipation of R2 and R8 by
operating Q2 in linear mode approximately 2 ms after the TRIAC turns ON.Capacitor C2,
R3, R4, R5 and Q1 provide a discharge path so that Q2 is initially turned OFF when the
next TRIAC switching cycle begins.The values were also selected such that when there
is no TRIAC connected, Q2 will be permanently ON which helps improve efficiency in
non-dimming operation.

With this circuit, the values of R2 and R8 can be increased further for better dimmer
compatibility but with less impact on the thermal performance of these resistors during
dimming.

16.3 HE T —H

With the active damper circuit, efficiency improves by as much as +2% over the one
without the optional circuit.

16.3.1 F/—%HL

AR Input Measurement Load Measurement
VAC Freq Vin Iin Pin Vour lour Pour Efficiency
PF %ATHD
(Vews) | (Hz) | (Vews) | (MArws) | (W) > (Voc) (mApc) W) (%)

195 50 194.95 87.09 16.600 | 0.978 15.86 42.0250 | 339.840 | 14.294 86.11
210 50 209.96 81.96 16.717 | 0.972 17.19 42.0210 | 342.990 | 14.425 86.29
220 50 220.00 79.41 16.901 | 0.967 17.79 42.0320 | 346.830 | 14.590 86.33
230 50 229.95 76.75 16.995 | 0.963 18.27 42.0280 | 348.660 | 14.666 86.30
240 50 239.98 74.05 17.021 | 0.958 18.75 42.0110 | 348.910 | 14.671 86.19
265 50 264.95 68.30 17.029 | 0.941 | 20.7200 | 41.9870 | 347.950 | 14.621 85.86

16.3.2 70747 Z\—HY

AR Input Measurement Load Measurement
- Effiency
VAC Freq Vin Iin Pin Vour lour Pour EfflCIenCy
PF %ATHD | t
(Vews) | (Hz) | (Vrws) | (MArms) | (W) @ (Voo) (MAsd) w) ) mprovemen

195 50 194.95 85.87 16.314 | 0.975 16.77 42.1030 | 342.590 | 14.436 88.49

210 50 209.96 81.25 16.517 | 0.968 17.96 42.1070 | 346.400 | 14.598 88.38

220 50 219.99 78.59 16.672 | 0.964 18.32 42.1070 | 349.130 | 14.713 88.25

230 50 229.94 75.91 16.749 | 0.960 18.79 42.0950 | 350.030 | 14.747 88.05

240 50 239.98 73.25 16.773 | 0.954 19.25 42.0730 | 349.740 | 14.727 87.80

265 50 264.95 67.81 16.825 | 0.937 | 21.3300 | 42.0480 | 348.750 | 14.676 87.23

Power Integrations, Inc.
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16.4 BBZE (o707 F2/V—)

ltem | Qty | Ref Des | #i& Mfg Part Number Manufacturer

1 1 Cc2 100 pF, 1000 V, Ceramic, NPO, 0805 C0805C101MDGACTU Kemet

2 1 C3 33 nF, 50 V, Ceramic, X7R, 0805 CCO0805KRX7R9BB333 Yageo

3 1 C4 10 nF 50 V, Ceramic, X7R, 0603 C0603C103K5RACTU Kemet

4 1 D1 600V, 1 A, Rectifier, Glass Passivated, POWERDI123 DFLR1600-7 Diodes, Inc.
5 1 Q1 NPN, HP, 400 V, 225 mA, SOT23-3 FMMT458TA Diodes, Inc.
6 1 Q2 600V, 0.4 A, 8 Q, N-Channel, TO-92 STQ2NK60ZR-AP ST Micro
7 2 R2R8 | 1309, 5%, 1 W, Thick Film, 2512 ERJ-1TYJ131U Panasonic
8 2 R3 R4 | 162 kQ, 1%, 1/8 W, Thick Film, 0805 ERJ-6ENF1623V Panasonic
9 1 R5 30.1 kQ, 1%, 1/8 W, Thick Film, 0805 ERJ-6ENF3012V Panasonic
10 2 R6 R7 | 2 MQ, 1%, 1/8 W, Thick Film, 0805 ERJ-6ENF2004V Panasonic
11 1 R9 301 kQ, 1%, 1/16 W, Thick Film, 0603 ERJ-3EKF3013V Panasonic
12 1 VR1 15V, 5%, 150 mW, SSMINI-2 DZ2S15000L Panasonic
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17 WETEE
B {¢ e E oET Description and Changes Reviewed
27-Feb-14 DS 1.0 Initial Release Apps & Mktg
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