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Figure 2 — Schematic for 36 V, 230 mA BR30 Replacement Lamp.
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Item Qty Ref Des | Description Mfg Part Number Manufacturer
) ) BR1 1000 V, 0.8 A, Bridge Rectifier, SMD, MBS-1, 5105.G Comehip
4-S0IC
2 1 c1 33 nF, 400 V, Film ECQ-E4333KF Panasonic
3 2 C3C4 | 180nF, 250 V, Film ECQ-E2184KB Panasonic
4 1 C5 2.2 uF, 400 V, Electrolytic, (6.3 x 11) TAB2GM2R2E110 Ltec
5 1 cé (110202 ‘;':2'55)0 V. Electrolytic, Gen. Purpose, EKMGS500ELL102MK25S | Nippon Chemi-Con
6 1 c8 100 uF, 10 V, Ceramic, X5R, 1206 C3216X5R1A107M TDK
7 1 c9 22 uF, 50 V, Electrolytic, (5 x 11) UPW1H220MDD Nichicon
8 1 c10 100 nF 50 V, Ceramic, X7R, 0603 C1608X7R1H104K TDK
9 2 | c11C13 | 1 uF, 50 V, Ceramic, X5R, 0805 08055D105KAT2A AVX
10 1 C14 100 nF, 50 V, Ceramic, X7R, 0805 CCO0805KRX7R9BB104 Yageo
11 1 c15 100 pF, 1 kV, Disc Ceramic 562R5GAT10 Vishay
12 1 C16 1.2 nF, 50 V, Ceramic, X7R, 0805 08055C122KAT2A AVX Corp
600 V, 1 A, Rectifier, Glass Passivated, .
13 1 D2 POWERDI123 DFLR1600-7 Diodes, Inc.
14 1 D3 Diode ultrafast 400 V 3 A, DO-214AB ES3G-E3/57T Vishay
15 4 5’85&60 250V, 0.2 A, Fast Switching, 50 ns, SOD-323 BAV21WS-7-F Diodes, Inc.
16 1 D7 100 V, 2 A, Schottky, SMA STPS2H100AY ST Micro
100 V, 1 A, Rectifier, Glass Passivated, DO- .
17 1 D9 213AA (MELF) DL4002-13-F Diodes, Inc.
18 1 F1 Fuse, Pico, 2 A, 250V, Fast, Axial 0263002.MXL Littlefuse Inc.
19 3 | L1L2L3 | 1 mH, 0.23 A, Ferrite Core CTSCH875DF-102K CT Parts
-0 ) " NPN, Small Signal BJT, 450 V, 0.5 A, 150 MA, EMMTA59TA Diodes, Inc.
SOT-23
21 2 Q5Q8 | NPN, Small Signal BJT, 40 V, 0.2 A, SOT-23 MMBT3904LT1G On Semi
22 1 Q6 NPN, 60 \V 1000 MA, SOT-23 FMMT491TA Zetex
23 1 Q9 NPN, 100 V, 20 MA, SOT23-3 DSC2C01S0L Panasonic
24 1 Q10 | 450V, 0.6 A, 3.8 Q, N-Channel, TO-92 STQ3N45K3-AP ST Micro
25 1 Q12 NPN, DARL NPN 40V SMD SOT23-3 MMBT6427-7-F Diodes, Inc.
26 4 |531|§325 10 kQ, 5%, 1/8 W, Thick Film, 0805 ERJ-6GEYJ103V Panasonic
27 1 R4 1.0 kQ, 5%, 2 W, Metal Oxide RSMF2JT1K00 Stackpole
28 1 R8 510 k<, 5%, 1/4 W, Thick Film, 1206 ERJ-8GEYJ514V Panasonic
29 1 R9 2.00 MQ, 1%, 1/4 W, Metal Film RNF14FTD2MO0 Stackpole
30 1 R10 24.9 kQ, 1%, 1/4 W, Metal Film MFR-25FBF-24K9 Yageo
31 1 R11 3.3 kQ, 5%, 1/10 W, Thick Film, 0603 ERJ-3GEYJ332V Panasonic
32 1 R12 20 kQ, 1%, 1/16 W, Thick Film, 0603 ERJ-3EKF2002V Panasonic
33 1 R14 1 kQ, 5%, 1/10 W, Thick Film, 0603 ERJ-3GEYJ102V Panasonic
34 1 R15 | 20 kQ, 5%, 1/10 W, Thick Film, 0603 ERJ-3GEYJ203V Panasonic
35 1 R16 100 Q, 5%, 2 W, Metal Oxide RSMF2JT100R Stackpole
36 1 R19 1 MQ, 5%, 1/8 W, Thick Film, 0805 ERJ-6GEYJ105V Panasonic
37 1 R20 | 47 kQ, 5%, 1/4 W, Thick Film, 1206 ERJ-8GEYJ473V Panasonic
38 1 R21 510 Q, 5%, 2 W, Metal Oxide RSF200JB-510R Yageo
39 2 | R22R25 | 20 kQ, 5%, 1/8 W, Thick Film, 0805 ERJ-6GEYJ203V Panasonic
40 1 R23 51 Q, 5%, 1/8 W, Thick Film, 0805 ERJ-6GEYJ510V Panasonic
41 1 R26 1 MQ, 1%, 1/8 W, Thick Film, 0805 ERJ-6ENF1004V Panasonic
42 2 | R28R38 | 470 kQ, 5%, 1/8 W, Thick Film, 0805 ERJ-6GEYJ474V Panasonic
43 1 R33 3.48 kQ, 1%, 1/16 W, Thick Film, 0603 ERJ-3EKF3481V Panasonic
Power Integrations
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Item Qty Ref Des | Description Mfg Part Number Manufacturer
44 1 R34 196 kQ, 1%, 1/16 W, Thick Film, 0603 ERJ-3EKF 1963V Panasonic
45 1 R37 2.00 MQ, 1%, 1/4 W, Thick Film, 1206 ERJ-8ENF2004V Panasonic
46 1 R39 100 kQ, 5%, 1/8 W, Thick Film, 0805 ERJ-6GEYJ104V Panasonic
47 1 R40 4.7 kQ, 5%, 1/10 W, Thick Film, 0603 ERJ-3GEYJ472V Panasonic
48 1 R43 750 kQ, 1%, 1/4 W, Thick Film, 1206 ERJ-8ENF7503V Panasonic
49 1 R44 240 kQ, 5%, 1/4 W, Thick Film, 1206 ERJ-8GEYJ244V Panasonic
50 1 R45 100 kQ, 5%, 1/10 W, Thick Film, 0603 ERJ-3GEYJ104V Panasonic
51 1 R46 75 Q, 5%, 1/8 W, Thick Film, 0805 ERJ-6GEYJ750V Panasonic
52 1 R47 180 kQ, 5%, 1/8 W, Thick Film, 0805 ERJ-6GEYJ184V Panasonic
53 1 R48 4.75 kQ, 1%, 1/16 W, Thick Film, 0603 ERJ-3EKF4751V Panasonic
54 1 RT1 NTC Thermistor, 100 kQ, 0.00046 A NTSDOWF104EE1B0 Murata
55 1 T1 Bobbin, RM5, Vertical, 6 pins Custom Custom
56 1 U1 LYTSwitch-4, eSIP-7C LYT4312E Power Integrations
57 1 VR1 10.0 V, 5%, 150 mW, SOD-323 MAZS1000ML Panasonic
58 1 VR3 33V, 5%, 200 mW, SOD-323 MMSZ5257BS-7-F Diodes, Inc.
59 1 VR4 15V, 5%, 500 mW, SOD-123 BZT52C15-7-F ON Semi
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Figure 7 — Transformer Electrical Diagram.
8.2 HBIHE
| Primary Inductance | Pins 2-6, all other windings open, measured at 100 kHz, 0.4 Vrus. | 650 uH +7% |
8.3 #H#
Item Description

[1] Core: RM5S.

[2] Bobbin: Rm-5; 2/2 pin Vertical.
[3] Magnet Wire: #30 AWG.

[4] Magnet Wire: #39 AWG.

[5] Transformer Tape: 4.8 mm.
[6] Core Clip.
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Figure 8 — Transformer Build Diagram.

8.5 HEME
Bobbin For the purpose of these instructions, bobbin is oriented on winder such that pin 1
- side is on the left. Winding direction is counter-clockwise. For 2/2 bobbin, follow
Preparation . . . N
the pin number assignment in the specification.
Start at pin 6. Wind 74 turns of item [3] and terminate at pin 1. Note that there is

WDG 1 one turn of transformer tape item[5] per layer

Insulation Add 1 layer of tape of item [5].
WDG 2 Start at pin 5. Wind 52 turns of item [3] and terminate at pin 3.
Taping Add 1 layer of tape to secure the winding.

Final Assembly | Grind the core to get the specified inductance. Secure the core with a clip item [6].

E Power Integrations, Inc.
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ACDC_LYTSwitch_Buck_103112;

ACADC_LYTSwitch_103112:

Rev.0.2; Copyright Power INPUT INFO OUTPUT UNIT LYTSwitch Buck Design
Integrations 2012 Spreadsheet
ENTER APPLICATION VARIABLES
- . Select "YES" option if dimming is
Dimming required (e YES required. Otherwise select "NO".
VACMIN 90 90 Vv Minimum AC Input Voltage
VACMAX 132 132 Vv Maximum AC input voltage
fL 60 60 Hz AC Mains Frequency
VO 36.00 Vv Typical output voltage of LED string at
full load
Maximum LED string Voltage. Ensure
VO_MAX 45.00 \% that the maximum LED string voltage is
below VO_MAX
Minimum LED string Voltage. Ensure
VO_MIN 27.00 \% that the minimum LED string voltage is
above VO_MIN
V_OVP 49.50 \% Over-voltage setpoint
10 0.23 Typical full load LED current
PO 8.28 Watts Output Power
n 0.85 0.85 Estimated efficiency of operation
ENTER LinkSwitch-PH VARIABLES
Selected Linkswitch-PH device. If
Dimming is required, select device from
LNK-PH S LNKA40X family, Otherwise select
device from LNK41X family
Select "RED" for reduced Current Limit
Current Limit Mode RED RED mode or "FULL" for Full current limit
mode
ILIMITMIN 0.810 A Minimum current limit
ILIMITMAX 0.940 A Maximum current limit
fS 132000 Hz Switching Frequency
fSmin 124000 Hz Minimum Switching Frequency
fSmax 140000 Hz Maximum Switching Frequency
\Y] 79.82 uA V pin current
Rv 2.000 2 M-ohms Upper V pin resistor
IFB 112.47 UuA FB pin current (75 uA < IFB < 250 uA)
R7 89.62 k-ohms IFB settlpg resistor (See RDR254
schematic)
Upper resistor in base divider (See
R8 35.35 k-ohms | RpR254 schematic)
Lower resistor in base divider (See
R9 90.90 k-ohms | phRo54 schematic)
VDS 10 Vv LinkSwitch-PH on-state Drain to Source
Voltage
VD 0.60 v Output Winding Diode Forward
Voltage Drop
VDB 0.70 Vv Bias Winding Diode Forward Voltage
Drop
Key Design Parameters
Ripple to Peak Current Ratio (0.4 <
KP 0.69 0.69 KRP < 1.3)
LP 645 uH Primary Inductance
Ripple to Peak Current Ratio (0.4 <
KP Expected 0.64 KRP < 1.3)
Expected IO (average) 0.230 A Expected Average Output Current

ENTER TRANSFORMER CORE/CONSTRUCTION VARIABLES

1500 (F£4350)
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Core Type RM5 RM5 Selected Core for inductor
Core #N/A P/N: #N/A
Bobbin #N/A P/N: #N/A
AE 0.24 0.24 cm”2 Core Effective Cross Sectional Area
LE 2.32 2.32 cm Core Effective Path Length
AL 1700.00 1700 nH/TA2 Ungapped Core Effective Inductance
BW 4.80 4.8 mm Bobbin Physical Winding Width
Safety Margin Width (Half the Primary
M . 0 mm to Secondary Creepage Distance)
L 4.00 4 Number of Primary Layers
DC INPUT VOLTAGE PARAMETERS
VMIN 127 Vv Peak input voltage at VACMIN
VMAX 187 \' Peak input voltage at VACMAX
CURRENT WAVEFORM SHAPE PARAMETERS
DMAX 0.28 Minimum duty cycle at peak of VACMIN
IAVG 0.23 Average Primary Current
P 055 A Peak Primary Current (calculated at
) minimum input voltage VACMIN)
Primary RMS Current (calculated at
IRMS 0.23 A minimum input voltage VACMIN)
TRANSFORMER PRIMARY DESIGN PARAMETERS
LP 645 uH Primary Inductance
NP 74.00 74 Primary Winding Number of Turns
ALG 118 nH/TA2 Gapped Core Effective Inductance
Maximum Flux Density at PO, VMIN
BM 1984 Gauss (BM<3000)
BP 2728 Gauss Peak Flux Density (BP<4200)
AC Flux Density for Core Loss Curves
BAC 685 Gauss | (5 X pPeak to Peak)
ur 1308 Relative Permeability of Ungapped
Core
LG 0.24 mm Gap Length (Lg > 0.1 mm)
BWE 19.2 mm Effective Bobbin Width
oD 0.26 mm _Maxm_]um_ Prlma_ry Wire Diameter
including insulation
INS 0.05 mm Eitlr_‘nateq Total Insulation Thickness (=
2 * film thickness)
DIA 0.21 mm Bare conductor diameter
Primary Wire Gauge (Rounded to next
AWG 32 AWG smaller standard AWG value)
cM 64 Cmils rl?arse conductor effective area in circular
CMA 278 Cmils/Amp Primary Winding Current Capacity (200

< CMA < 500)

Table 1 — Sample Spreadsheet Calculation.

E

Power Integrations, Inc.
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All measurements performed at 25 °C room temperature, 60 Hz input frequency unless
otherwise specified.

Input Input Measurement LED Load Measurement .
Effeciency
VAC | Freq| Vi In Pin PF | %ATHD Vour lour Pour (%)
(Vrws) | (Hz) | (Vrms) | (MArms) | (W) (Voe) | (mAoc) | (W)
90 60 90.14 92.55 8.240 |1 0.988 ] 11.15 32.87 | 214.02 | 7.04 85.44
100 60 | 100.13 | 86.79 8.565 | 0.986 ] 10.27 32.93 | 222.06 | 7.32 85.44
110 60 | 110.15] 81.95 8.863 | 0.982 9.78 32.98 | 229.08 | 7.56 85.31
120 60 | 120.15] 77.39 9.085 | 0.977 9.68 33.01 | 234.35 | 7.74 85.23
132 60 | 13217 | 72.92 9.336 | 0.969 ] 10.09 33.05 | 239.33 | 7.92 84.80
90 60 90.10 97.37 8.662 | 0.987 | 12.30 36.00 | 205.65 | 7.41 85.52
100 60 | 100.11 ] 91.40 9.022 10986 11.05 36.06 | 213.76 | 7.71 85.50
110 60 | 110.12 ] 86.11 9.322 | 0.983] 10.39 36.11 | 220.41 | 7.97 85.45
120 60 | 120.14 | 81.57 9.597 | 0.979 9.89 36.16 | 226.24 | 8.19 85.31
132 60 | 132.16| 76.56 9.836 | 0.972 ] 10.15 36.20 | 231.22 | 8.38 85.16
90 60 90.10 | 101.87 | 9.053 | 0.986] 13.61 39.00 | 197.96 | 7.73 85.33
100 60 | 100.12 | 95.74 9.452 |1 0.986 | 11.98 39.07 | 206.70 | 8.08 85.50
110 60 | 110.13 | 90.18 9.772 | 0.984 11 39.13 | 213.45 | 8.36 85.53
120 60 | 120.14 | 85.25 ] 10.043 ] 0.981 10.4 39.18 | 218.85 | 8.58 85.42
132 60 ] 132.17 ] 80.15 | 10.326 | 0.975 10.2 39.22 | 224.31 | 8.80 85.26

Table 2 — Test Result Summary for this Design.

FATH (FE4350)
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10.1 FHBEANE
85.6

=4=33 \VDC Output
«m=36 VDC Output
=#=39 VDC Output
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foy
o
N

Efficiency (%)
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AC Input Voltage (Vgys / 60 Hz)

Figure 9 — Efficiency with Respect to AC Input Voltage.
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10.2 26 B Fja%

400

=¢=33 VVDC Output
=#=36 VDC Output
350 1 =#=39 VVDC Output
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N
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o
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Output Current (mA)
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o o

-
o
o

[$)]
o

0 r T r r r T ’ v ’ ’ ”
80 85 90 95 100 105 110 115 120 125 130 135 140
AC Input Voltage (Vgys / 60 Hz)

Figure 10 — Line Regulation, Room Temperature.
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10.3 DIELH
1.00
=#=39 VVDC Output
=8=36 VDC Output
0.99 » =¢=33 VDC Output

Power Factor (PF)
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o
©
o
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AC Input Voltage (Vgys / 60 Hz)

Figure 11 — High Power Factor within the Operating Range.
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10.4 %THD

20 | | |

=33 \V/DC Output
18 «#=36 VDC Output [~
=#=39 VDC Output

16

14
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&a—

THD (%)
)

80 85 90 95 100 105 110 115 120 125 130 135 140
AC Input Voltage (Vgys / 60 Hz)

Figure 12 — Very Low %ATHD at 120 VAC.
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10.5 EREE

70

mLimit @36 VDC Output

Harmonic Content (mA)
w B n
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 Order

Figure 13 — Meets EN61000-3-2 Harmonics Contents Standards for <25 W Rating for 36 V LED
Output.

E Power Integrations, Inc.
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Meats the interpolated class C limit from IEC61000-3-2.

VAC Fre
(Vews) (Hz‘;' I (mA) P PF
120 60.00 81.57 9.5970 0.9793
nth mA % Limit (mA) Remarks
Order | Content | Content <25 W
1 81.01
2 0.02 0.02%
3 3.20 3.95% 65.2596 Pass
5 2.73 3.37% 36.4686 Pass
7 4.08 5.04% 19.1940 Pass
9 3.23 3.99% 9.5970 Pass
11 2.92 3.60% 6.7179 Pass
13 1.72 2.12% 5.6844 Pass
15 1.22 1.51% 4.9265 Pass
17 0.68 0.84% 4.3469 Pass
19 0.47 0.58% 3.8893 Pass
21 1.02 1.26% 3.5189 Pass
23 0.83 1.02% 3.2129 Pass
25 1.01 1.25% 2.9559 Pass
27 0.69 0.85% 2.7369 Pass
29 0.53 0.65% 2.5482 Pass
31 0.40 0.49% 2.3838 Pass
33 0.28 0.35% 2.2393 Pass
35 0.52 0.64% 2.1113 Pass
37 0.57 0.70% 1.9972 Pass
39 0.52 0.64% 1.8948 Pass
41 0.42 0.52%
43 0.25 0.31%
45 0.24 0.30%
47 0.26 0.32%
49 0.33 0.41%

Table 3 — 120 VAC Input Current Harmonic Measurement for 36 V LED.

%2301 (F£4350)
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10.7 EAFFHE

Dimming characteristic from a controlled AC supply to emulate the TRIAC conduction
pattern. The reference design meets the dimming requirement as set by National
Electrical Manufacturers Association (NEMA) Standards Publication SSL 1-2010
(Electronic Drivers for LED Devices, Arrays or Systems) and SSL 6-2010 (Solid Light
Lighting for Incandescent Replacement-Dimming).

250
e=Dimming to Full Brightness
— NEMA Light Output Upper Limit ) O R
== NEMA Light Output Lower Limit 7 -
-
200 +o -
<
E
w 150 1
c
o
=
=
(&)
S 100
Q
)
=
o
-~
- a» oo
50 1
0 * * " ¥ ¥ T T
0 20 40 60 80 100 120 140 160 180

Phase Angle (Conduction; °)

Figure 14 — Dimming Curve Characteristic From Full Dimming to Full Brightness. Meets NEMA SSL
6-2010.

E Power Integrations, Inc.
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250
i I e=[-ull Brightness to Dimming
N == NEMA Light Output Upper Limit
S e 4 ~ == NEMA Light Output Lower Limit
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Figure 15 — Dimming Characteristic From Full Brightness to Full Dimming. Meets NEMA SSL 6-2010.
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Figure 16 — Dimming Characteristic with Respect to RMS Input Voltage During Dimming.
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The list of dimmers verified for this reference design is shown below. Users are not

limited to the following list. Make sure to test each dimmer according to its recommended
input line input frequency to avoid flicker.

Dimmer | Dimmer Brand | Power Part Number Iyin (MA) | Iyax (mA) | Dim Ratio
1 LUTRON 600W LG-600PH-WH ) 178 1780
2 LUTRON 600W S-603P-WH 0 185 1850
3 LUTRON 600W SLV600P-WH 0 182 1820
4 LUTRON 600W S-600-WH 0 196 1960
5 LUTRON 600W S-600PH-WH 0 185 1850
6 LUTRON 600W | DVWCL-153-PLH-WH 0 187 1870
7 LUTRON 600W DV-603P-WH 0 176 1760
8 LUTRON 600W DV-600P-WH 0 176 1760
9 LUTRON 600W TG-600PH-WH 0 185 1850
. LUTRON | eoow | ~ @BCOP-FHaka 0 183 1830
11 LUTRON 600W AY-600P-WH 0 180 1800
12 LUTRON 600W GL-600P-WH 0 183 1830
13 LEVITON 600W R62-06633-1LW 0 208 2080
14 LEVITON 600W R62-06631-1LW 0 191 1910
15 LEVITON 600W R60-1P106-1LM 0 199 1990
16 LEVITON 500W R52-06161-00W 0 193 1930
17 LEVITON 600W R52-RP106-1LW 0 207 2070
18 LEVITON 600W R60-06681-01W 0 207 2070
19 LEVITON 600W R60-06684-1IW 0 207 2070
20 LEVITON 600W 6683 0 207 2070
21 LEVITON 450W R02-06613-PLW 0 196 1960

22 COOPER SLCO3P-W-K-L 0 188 1880
23 LUTRON 600W GL-600-WH 0 196 1960
24 LUTRON 200W DVPDC-203P-WH 36 197 5

25 LUTRON 500W LX-600PL-wh 0 194 1940
26 LUTRON 600W D-600P-WH 0 183 1830
27 LUTRON 600W 0 187 1870
28 LUTRON 600W S-600P 0 184 1840
29 LUTRON TGLV-600P 0 185 1850
30 LUTRON 450W TGLV-600PR 0 182 1820
31 LUTRON 300W TT-300NLH-WH 0 197 1970
32 LUTRON 300W TT-300H-WH 0 196 1960
33 LUTRON 800W NLV-1000-WH 0 186 1860
34 LUTRON 0 189 1890
35 LUTRON 0 183 1830
36 LUTRON 0 196 1960
37 COOPER 0 189 1890
38 LUTRON 1000 S-103P-WH 0 193 1930
39 LUTRON 1000 S-10P-WH 0 189 1890
40 LUTRON 600 S-600PNLH-WH 0 186 1860
41 LUTRON 600 S-603PNL-WH 0 186 1860
42 LUTRON 600 SLV-603P-WH 0 179 1790

Power Integrations E
HUG: +1408 414 9200 f£H: +1 408 414 9201
o
5@27ﬁ (;j\:43ﬁ ) www.powerint.com



DER-359: {#iHILYT4312E[1)8 W% & =\ AL 17-Jul-13

Dimmer | Dimmer Brand | Power Part Number Iyin (MA) | Iyax (mA) | Dim Ratio
43 LUTRON 600 S-603PGH-WH 0 119 1190
44 LUTRON 600 AYLV-600P-WH 0 182 1820
45 LUTRON 600 AYLV-603P-WH 0 179 1790
46 LUTRON 1000 AY-103PNL-WH 0 190 1900
47 LUTRON 1000 AY-103P-WH 0 191 1910
48 LUTRON 1000 AY-10PNL-WH 0 206 2060
49 LUTRON 1000 AY-10P-WH 0 192 1920
50 LUTRON 600 AY-603PNL-WH 0 170 1700
51 LUTRON 600 AY-603PG-WH 0 84 840
52 LUTRON 600 AY-603P-WH 0 175 1750
53 LUTRON 600 AY-600PNL-WH 0 182 1820
54 LUTRON 300 DVELV-300P-WH 0 204 2040
55 LUTRON 1000 DVLV-10P-WH 0 172 1720
56 LUTRON 1000 DVLV-103P-WH 0 174 1740
57 LUTRON 600 DVLV-603P-WH 0 175 1750
58 LUTRON 1000 S-1000-WH 0 195 1950
59 LUTRON 300 SELV-300P-WH 0 195 1950
60 LUTRON 600 S-600P-WH 0 183 1830
61 LUTRON 1000 S-103PNL-WH 0 191 1910
62 LUTRON SPSELV-600-WH 0 188 1880
63 LUTRON 600 GLV-600-WH 0 192 1920
64 LUTRON LG-603PGH-WH 0 104 1040
65 LUTRON DVW-603PGH-WH 0 100 1000
66 LUTRON VPI06 0 188 1880
67 LUTRON TG-10PR-WH 0 191 1910
68 LUTRON NT-600 0 199 1990
69 LUTRON NT-1000 0 195 1950
70 LUTRON LGCL-153PLH-WH 0 186 1860
71 LUTRON CTCL-153PDH-WH 0 193 1930
72 LUTRON TGCL-153PH-WH 0 189 1890
73 LUTRON DVWCL-153PH-LA 0 193 1930
74 LUTRON 81000-W 0 196 1960
75 LUTRON TTCL-100LH-WH 0 186 1860

Average 1 184 1818

E Power Integrations, Inc.
HiG: +1408 414 9200 fEH: +1408 414 9201 o
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The scan was conducted at ambient temperature of 25 °C open frame, 90 VAC / 60 Hz
input.

Sp4 32.5 :

"]

Sp3 42.2

L]

Spl 62.7

Sp2 31.4 :

Figure 17 — Open Frame Thermal Scan. U1 Without Heat Sink.

Legend:
Sp1-U1LTY4312E
Sp2 - L1 EMI choke
Sp3 — T1 Power transformer
Sp4 — Output capacitor

Power Integrations E
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e A%
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Sp2 45.2 t"

=
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Spl 36.9 .

Figure 18 — Bottom Side Board Temperature at Open Frame.

Legend:
Sp1 — Bridge rectifier temperature
Sp2 - Blocking diode temperature
Sp3 — Output diode temperature

E Power Integrations, Inc.
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12.1 JGREEFMER. IEFETLF

No saturation in the inductor and designed guaranteed to work in continuous mode within
the operating input voltage.

LeCroy!|

P1:max(C1) P2max(C4) F3---
202v 833ma

v v

Figure 20 — 1

P1:max(C1) P2max(Cay P3:-- P4---
138Y 741 mA

v v

Figure 19 — 90

et}

C /60 Hz, 36 VLE

C /60 Hz, 36 V LED

Ch1: VDRAIN7 100 V / div. Ch1: VDRAINy 100 V / div.
Ch4: IDRA|N! 0.2 A/ div. Ch4: IDRAIN1 0.2 A/ div.

Time Scale: 5 ms / div. Time Scale: 5 ms / div.
Zoom Time Scale: 5 ps / div. Zoom Time Scale: 5 ps / div.

12.2 FHR B EFIE /S 50 FFIE
Device has a built in soft start thereby reducing the stress in the device, transformer and
output diode.

LeCroy ‘ n My‘

T T IS i (LKL g [
~ i ik

\
/ g . ) /

[y

e Ph--- Measure P1max(C1) PZmax(C4) P3=-- Pd--
202 1294 A
v

0
Measure PlmaxC1) PImax(Ca) P3s-- Pd---
value 144y 1.261 A value
status v v status v

1

Figure 21 — 90 VAC / 60 Hz, 36 V/ LE Figure 22 — 132 VAC / 60 Hz, 36 \/ LED String.

Ch1: VDRAINy 100 V / div. Ch1: VDRAIN: 100 V / div.

Ch4: IDRAIN, 0.2 A/ div. Ch4: IDRAIN, 0.2 A/ div.

Time Scale: 5 ms / div. Time Scale: 5 ms / div.

Zoom Time Scale: 10 us / div. Zoom Time Scale: 10 us / div.

Power Integrations E
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12.3 3B EBSFIE

Start-up time <250 ms; the reference design will emit light within 250 ms at non-dimming
operation.

TR l‘ I AT AN RN RN I:My énMM M ”;

WHH;'EJ |

eC o,

n
H%h Y

T

/
/o

|
|
"’__M j
5 5 e P
1 Hi= ms = ms H= ms = 1758342 ms
H2= 197.0404ms 1&¥= 6121938 Hz H2= 177.6450ms 1/&X= 5E8T176Hz

igure 23 -90 VAC /60 Hz, 36 V LED igure 24 - 132 VAC /60 Hz, 36 V LED

Ch1: Vi, 100 V / div. Ch1: Vin, 100 V / div.

Ch2: Vour, 10 V / div. Ch2: Vour, 10 V / div.

Ch3: iy, 200 mA / div. Ch3: Iiy, 200 mA / div.

Ch4: loyt, 50 mA / div., 100 ms / div. Ch4: loyr, 50 mA / div., 100 ms / div.

12.4 HIA S5H B EFE THI R
Output current ripple is inversely proportional to the impedance of the LED. Verify the

actual current ripple on the actual LED to be used in the system. Increase output
capacitance for lesser output current ripple is intended.

LeCroy!| LeCroy|

A A A A A A A A A A o

AAAAAA A A A A A
v/ VAVERNAVAVAVAVEAVEAS

]
\ANANDNNANANANN AVAVAVAVAVAVAVAVAVAVA

Measure P1mean(C4) PImak(Cay PEMIN(C4) P4pkpk(C4) P5i-- PE---
value 200.87 mA 2433 mA 1730 mA
v v v v

Plimean(C4) PZma(C4) PEmin(C4y PaipkpkiC4)
31959 mA 268.6mA 181.7 mA m
v v v v

[ [
Figure 25 — 90 VAC / 60 Hz, 36 V LED String. Figure 26 — 100 VAC / 60 Hz, 36 V LED String.
COUT =1000 MF COUT =1000 LLF
Ch1: Vi, 100 V / div. Ch1: Vi, 100 V / div.
Ch2: Vour, 10 V / div. Ch2: Vour, 10 V / div.
Ch3: Iin, 200 mA / div. Ch3: iy, 200 mA / div.
Ch4: loyt, 50 mA / div., 10 ms / div. Ch4: loyt, 50 mA / div., 10 ms / div.

&
p=|

E Power Integrations, Inc.
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F1mean(C4) PImax(Ca)

2741 mA
v

PIMIN(C4)
193.5 mA
v v

P4pkpk(Ca) P5-- Ph---
81 mA

alue 233.27 mA
v

Figure 27 — 115 VAC / 60 Hz, 36 V LED String.
COUT =1000 I_,LF
Ch1: Vi, 100 V / div.
Ch2: Voyr, 10 V / div.
Ch3: Iy, 200 mA / div.
Ch4: loyt, 50 mA / div., 10 ms / div.

Plmean(C4)
ue 23921 mA
v

PZmax(C4) PImin(C4y
280.8mA 1977 mA
v v v

Pa:pkpk(C4) P5=- - PB -
83 ma

1

Figure 28 — 132 VAC / 60 Hz, 36 V LED String.
COUT =1000 I,LF

Ch1: Vi, 100 V / div.

Ch2: Vour, 10 V / div.

Ch3: Iin, 200 mA / div.

Ch4: loyt, 50 mA / div., 10 ms / div.

12.5 [FREEFIEB R IEHLIEZ5 L5

No saturation in the inductor during short-circuit, inductor current is limited by the Ipw.
wlll Il LeCrovl® 1 1l M | | Croy‘
| | T 1 i il
I It (Ll I
______ \
- oL . — f :
. | . i i
g 1
4 Vol il

60 Hz, Normal Operation then
Output Short.

Ch1: VDRAIN; 100 V / div.

Ch2: Vour, 10 V / div.

Ch4: Iprain, 0.2 A/ div., 5 ms / div.

Z4: Iprain, 0.2 A/ div., 5 us / div.

Figure 29 —

Figure 30 — 132 VAC / 60 Hz, Normal Operation
then Output Short.
Ch1: VDRAIN, 100 V / div.
Ch2: Vour, 10 V / div.
Ch4: IDRAIN, 0.2A/ diV., 5 ms / div.
Z4: IDRAIN, 0.2 A/dIV, 5 us / div.

%330 (F£43750)
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No saturation in the inductor during start up short circuit due to the built-in soft-start.

value 14y 1237 A
status v v

Figure 31 — 90 VAC / 50 Hz, Output Shorted.
Ch1: Vprain, 100 V / div.
Ch4: Iprain, 0.2 A/ div., 5 ms / div.
Z4: lprain, 0.2 A/ div., 10 ps / div.

12.7 FHTHE

LeCroy!| LeCroy|
| ‘ 7
g 1L f f f N
i il }]
|
a /[ 2 1)
/ i
d / i i
Measure P1max(C2) P2max(Ca) P3:-- PY:-- P -~ PG~ Measure P1maK(C2) PZmax(C4) [ Pa: -~ Pgi-- PE: -

value 208V 14234
status v v

Figure 32 — 132 VAC / 50 Hz, Output Shorted.
Ch1: VDRAIN. 100 V / div.
Ch4: Iprain, 0.2 A/ div., 5 ms / div.
Z4: Ipran, 0.2 A/ div., 10 us / div.

The driver is protected during no-load operation, U1 operating in cycle skipping mode.

LeCroy

LeCroy

_—
«M W |
Measure P1mas(C1) P2max(C4) P3--- Pd--- Pa--- PB:--- Measure P1maxC1) P2Zmax(Cay P3--- P4--- P5--- P---
valug 52.5V walu 31V
tatus 4 status 4
i i
Ra i Rol
o i 500

Figure 33 — 90 VAC / 60 Hz, Start-up No-load.
Ch2: Vour, 20 V / div.
Ch1: Vps, 100 V / div.
Ch4: Ips, 0.2 A/ div.
Time Scale: 200 ms / div.

Figure 34 — 132 VAC / 60 Hz, Start-up No-load.
Ch2: Vour, 20 V / div.
Ch1: Vps, 100 V / div.
Ch4: Ips, 0.2 A/ div.
Time Scale: 200 ms / div.
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12.8 X BEH_LE

The reference design has no perceptible delay.

‘ LeCroy ‘ 1 LeCroy|

LA AN p——

U

T
PLmanc1) P2mak(Ca) P3:-- Pa--- g -~ PE--- Measure Plmas(C1) PZmMaC4) P3--- Pd---
184y :

i
:
z

-
s

-

v

ik ;
Figure 35 — 120 VAC / 60 Hz, Figure 36 — 120 VAC / 60 Hz,
1s On-1s Off. 300 ms On — 300 ms Off.
Load: 36 V LED String. Load: 36 V LED String.
Ch1:V\n, 200 V / div. Ch1:V\\, 200 V / div.
Ch4: loyt, 100 mA / div. Ch4: loyt, 100 mA / div.
Time Scale: 5 s/ div. Time Scale: 1 s/ div.
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12.9 EHFHREFE

APy A
SRNGNININY-
\)

1 3

piapiapiepieiapy

a
Ph--- Measure P1max(C1) PmanC4) P3e-e Pd-- [ P -
value 248Y
v

[}
Measure PlmaxC1) PImax(Cay P3n-- Pd--- e
value 173y

i

fdiv
5t

Figure 37 — 120 VAC / 60 Hz, LG-603PGH- Figure 38 — 120 VAC / 60 Hz, LG-603PGH-

Dimmer at Full TRIAC Conduction. Dimmer at Minimum TRIAC
Load: 36 V LED String. Conduction.

Ch2: Viy, 100 V / div. Load: 36 V LED String.
Ch3: Iy, 50 mA / div. Ch2: Vin, 100 V / div.

Ch4: lout, 50 mA / div. Ch3: Iin, 50 mA / div.

Time Scale: 10 ms / div. Ch4: loyt, 50 mA / div.

Time Scale: 10 ms / div.

Note: Refer to unit-to-dimmer compatibility section for the dimmers evaluated for this
LED driver.
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12.10.1 2 R N IRV
LeCroy LeCroy
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¥ e — |
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alelniainlaislslsininl (ll
Lttt eud = ‘IU
Measure Plimax(C1) PZiman(C2y PaimaxiC3) Pamax(Ce) P&:--- PE--- Measure Plimax(C1) PZimax(C2) Paiman(C3)y PaimnaniC4) P&--- PE---
walue B12Y 381V 3261V walus 470V 283V T3V
status v v v tatl v

- - o
10

Figure 39 —120 VAC / 60 Hz, 36 V Load,
VDS =326.1 VPK.

(+) 500 V Differential Line Surge at 90°.

Ch1: Vin, 200 V / div.

Ch2: Vauik, 200 V / div.

Ch3: Vps, 100 V / div.

Zoom Time Scale: 20 pus / div.

- 0
10.0

Figure 40 — 120 VAC / 60 Hz, 36 V Load,
VDS =273.1 VPK.
(+) 500 V Differential Line Surge at 0°.
Ch1: Viy, 200 V / div.
Ch2: Vgyik, 200 V / div.
Ch3: Vps, 100 V / div.
Zoom Time Scale: 20 ps / div.

12.10.2 ZE RS TR
LeCroy LeCroy
" o \\__-\,/‘,_gﬁ L la
[ R e ST I e I - I,
M e, <« . . N
I
A NLANN X
a 'R i
Ay
aninalualan o | anlns Tt lnaldl | L e
A I T R T 0 I I =
Measure Plimax(C1) PZiman(C2y PaimaxiC3) Pamax(Ce) P&:--- PE--- Measure Plimax(C1) PZimax(C2) Paiman(C3)y PaimnaniC4) P& PE:

Figure 41 —120 VAC / 60 Hz, 36 V Load,
VDS =267.4 VPK.

(+) 500 V Differential Ring Surge at 90°.

Ch1: VBRIDGEy 200 V / div.
Ch2: Vauik, 200 V / div.

Ch3: Vps, 100 V / div.

Zoom Time Scale: 20 pus / div.

base  -4.04 ms) (Trigger
100v|
-400Y 10.0

Figure 42 — 120 VAC / 60 Hz, 36 V Load,
VDS =267.4 VPK.
(+) 500 V Differential Ring Surge at 0°.
Ch1: VBR|DGE! 200 V / div.
Ch2: Vgyrk, 200 V / div.
Ch3: Vps, 100 V / div.
Zoom Time Scale: 20 ps / div.
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13 HNIRA
Input voltage was set at 120 VAC / 60 Hz. Output was loaded with 36 V LED string and

operation was verified following each surge event. Two units were verified in the following
conditions.

Differential input line 50 us surge testing was completed on one test unit to IEC61000-4-5.

Differential input line ring surge testing was completed on one test unit to IEC61000-4-5.

Surge Level 7203 Injection i T Test Result
(V) v Location Phoase (Pass/Fail)
(VAC) )
+500 120 LtoN 0 Pass
-500 120 LtoN 270 Pass
+500 120 LtoN 90 Pass
-500 120 LtoN 180 Pass

Surge Level 0 Injection T e Test Result
(V) e Location gD (Pass/Fail)
(VAC) ()
+2500 120 LtoN 0 Pass
-2500 120 LtoN 270 Pass
+2500 120 Lto N 90 Pass
-2500 120 LtoN 180 Pass

Unit passes under all test conditions.

E Power Integrations, Inc.
HiG: +1408 414 9200 fEH: +1408 414 9201
www.powerint.com %38ﬁ <:/H\:43Di )



17-Jul-13 DER-359: {#iHLYT4312E/1)8 W% & = FL I

14 {ZSEMI

14.1 ®&

Receiver:
Rohde & Schwartz
ESPI - Test Receiver (9 kHz — 3 GHz)
Model No: ESPI3

LISN:
Rohde & Schwartz
Two-Line-V-Network
Model No: ENV216

14.2 EMI R &

Usually LED driver is placed in a conical metal housing (for self-ballasted lamps;
CISPR15 Edition 7.2) but since lamp housing is not available during the UUT was tested
then it was evaluated as shown in the figure below.

Figure 43 — Conducted Emissions Measurement Set-up.

Power Integrations E
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14.3 EMIi4ER

Att 10 dB AUTO

dBuv

120 100 kHz 1 MHz 10 MHz
ENS50150 LIMIT CHECK | | |Bass
|| ser
00
|
—=90
I~
2 AV || \\\
CLRWR [~80 TDF
=70
| ~
—60
|| ¥NBsSQ15A
~=50

_!|10 1 -+ IA 6DB

9 kHz 30 MHz

Figure 44 — Conducted EMI, 36 V Output / 230 mA Steady-State Load, 120 VAC, 60 Hz, and EN55015
Limits.
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EDIT PEAK LIST (Final Measurement Results)

Tracel: EN55015Q

Trace2: EN55015A

Trace3: ---

TRACE FREQUENCY LEVEL dBpVv DELTA LIMIT dB

2 Average 53.71 N gnd
2 Average 140.262531674 kHz 28.03 N gnd
1 Quasi Peak 264.49018761 kH=z 51.47 Ll gnd -9.81
2 Average 267.135089486 kHz 43.54 L1 gnd -7.65
1 Quasi Peak 397.727746704 kHz 43.60 N gnd -14.29
2 Average 401.705024172 kHz 38.30 N gnd -9.51
1 Quasi Peak 530.769219795 kHz 43.69 N gnd -12.30
2 Average 536.076911993 kHz 36.06 N gnd -9.93
1 Quasi Peak 667.263434405 kHz 37.69 N gnd -18.30
2 Average 667.263434405 kHz 32.83 N gnd -13.16
1 Quasi Peak 798.145472681 kHz 40.95 N gnd -15.04
2 Average 798.145472681 kHz 33.67 N gnd -12.32
2 Average 935.888336808 kH:z 32.90 N gnd -13.09
1 Quasi Peak 945.247220176 kHz 40.08 N gnd -15.91
1 Quasi Peak 1.06512822736 MHz 38.01 N gnd -17.98
1 Quasi Peak 1.20021314689 MHz 37.07 N gnd -18.92
2 Average 1.20021314689 MHz 30.92 N gnd -15.08
1 Quasi Peak 1.32578199726 MHz 38.03 N gnd -17.97
1 Quasi Peak 25.4636191981 MHz 47.30 Ll gnd -12.69
2 Average 25.4636191981 MH=z 39.83 L1l gnd -10.17

Figure 45 — Conducted EMI, 36 V / 230 mA Steady-State Load Steady-State Load, 120 VAC, 60 Hz, and
EN55015 Limits. Line and Neutral Scan Design Margin Measurement.
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15 RAFG5E
Date Author | Revision | Description and Changes Reviewed
17-Jul-13 JDC 1.0 Initial Release Apps & Mktg
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Power Integrations reserves the right to make changes to its products at any time to improve reliability or manufacturability.
Power Integrations does not assume any liability arising from the use of any device or circuit described herein. POWER
INTEGRATIONS MAKES NO WARRANTY HEREIN AND SPECIFICALLY DISCLAIMS ALL WARRANTIES INCLUDING,
WITHOUT LIMITATION, THE IMPLIED WARRANTIES OF MERCHANTABILITY, FITNESS FOR A PARTICULAR
PURPOSE, AND NON-INFRINGEMENT OF THIRD PARTY RIGHTS.

PATENT INFORMATION

The products and applications illustrated herein (including transformer construction and circuits’ external to the products)
may be covered by one or more U.S. and foreign patents, or potentially by pending U.S. and foreign patent applications
assigned to Power Integrations. A complete list of Power Integrations’ patents may be found at www.powerint.com. Power
Integrations grants its customers a license under certain patent rights as set forth at http://www.powerint.com/ip.htm.

The PI Logo, TOPSwitch, TinySwitch, LinkSwitch, DPA-Switch, PeakSwitch, CAPZero, SENZero, LinkZero, HiperPFS, HiperTFS,
HiperLCS, Qspeed, EcoSmart, Clampless, E-Shield, Filterfuse, StackFET, Pl Expert and Pl FACTS are trademarks of Power
Integrations, Inc. Other trademarks are property of their respective companies. ©Copyright 2012 Power Integrations, Inc.
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