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Figure 1 — Populated Circuit Board Photograph (Top).
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Figure 3 — Populated Circuit Board Photograph (Angle).
Dimensions: 1.99 in [50.6 mm] L x 1.26 in [32 mm] W x 1.19 in [30.2 mm] H.
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Figure 4 — Schematic.
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6 PrRl%

6.1 Frfarmplz

Item Qty Ref Des | Description Mfg Part Number Mfg
1 1 BR1 é(())OIC():V 0.8 A, Bridge Rectifier, SMD, MBS-1, 4- B10S-G Comchip
2 1 Cc2 33 nF, 400 V, Film ECQ-E4333KF Panasonic
3 1 C3 1000 pF, 100 V, Ceramic, COG, 0603 C1608C0G2A102J TDK
4 1 C4 100 nF, 400 V, Film ECQ-E4104KF Panasonic
5 1 C5 2.2 [JF, 400 V, Electrolytic, (6.3 x 11) TAB2GM2R2E110 Ltec
6 1 Cc7 100 [IF, 10 V, Ceramic, X5R, 1206 C3216X5R1A107M TDK
7 1 c8 47 [1F, 35V, Electrolytic, Gen. Purpose, (5 x 11) EKMG350ELL470ME11D Nippon Chemi-Con
8 1 c9 (110202 \XH;,S)SO V. Electrolytic, Gen. Purpose, EKMGS500ELL102MK25S | Nippon Chemi-Con
9 1 C10 470 nF, 50 V, Ceramic, X7R, 0603 UMK107B7474KA-TR Taiyo Yuden
10 1 Ci11 100 pF, 500 V, Ceramic, NPO, 0805 501R15N101KVAT Johanson Dielectrics
11 1 C12 100 nF, 50 V, Ceramic, X7R, 0805 CCO0805KRX7R9BB104 Yageo

600 V, 1 A, Rectifier, Glass Passivated, .
12 2 D1 D2 POWERDI123 DFLR1600-7 Diodes, Inc.
13 1 D4 60V, 1 A, Schottky, DO-214AC SS16-E3/61T Vishay
14 3 D6DgD7 250V, 0.2 A, Fast Switching, 50 ns, SOD-323 BAV21WS-7-F Diodes, Inc.
15 | 2 [ pspio | 299V 1A Diode Schotiky 1 A200 V PWRDI DFLS1200-7 Diodes, Inc.
16 1 F1 Fuse, Pico, 2 A, 250V, Fast, Axial 0263002.MXL Littlefuse Inc.
Heat sink, Custom, Al, 3003, 0.062" Thk (See

17 1 HS1 Heat sink Spec) Custom
18 2 LN Test Point, BLK, Miniature THRU-HOLE MOUNT 5001 Keystone
19 3 L1L2L3 | 1 mH, 0.23 A, Ferrite Core CTSCH875DF-102K CT Parts
20 2 01 Q3 I\IS%I\_Ir,_ggnall Signal BJT, 450 V, 0.5 A, 150MA FMMT459TA Diodes, Inc.
21 2 Q4 Q5 NPN,60 V 1000 MA, SOT-23 FMMT491TA Zetex Inc
22 1 Q6 450V, 0.6 A, 3.8 Ohms, N-Channel, TO-92 STQ3N45K3-AP ST Micro
23 | 3 | FLE? |10k, 5% 1/10 W, Thick Film, 0603 ERJ-3GEYJ103V Panasonic
24 1 R6 100 ki1, 5%, 1/8 W, Thick Film, 0805 ERJ-6GEYJ104V Panasonic
25 1 R7 180 ki1, 5%, 1/10 W, Thick Film, 0603 ERJ-3GEYJ184V Panasonic
26 1 R8 130 (7, 5%, 1 W, Metal Oxide RSF100JB-130R Yageo
27 1 R9 510 k[, 5%, 1/10 W, Thick Film, 0603 ERJ-3GEYJ514V Panasonic
28 2 R10 R29 | 1 M(J, 1%, 1/8 W, Thick Film, 0805 ERJ-6ENF1004V Panasonic
29 1 R14 24.9 k[, 1%, 1/16 W, Thick Film, 0603 ERJ-3EKF2492V Panasonic
30 1 R15 182 k[, 1%, 1/16 W, Thick Film, 0603 ERJ-3EKF1823V Panasonic
31 1 R16 100 (1, 5%, 1/8 W, Thick Film, 0805 ERJ-6GEYJ101V Panasonic
32 1 R18 4.7 ki1, 5%, 1/20 W, Thick Film, 0603 ERJ-3GEYJ472V Panasonic
33 1 R19 47 k1, 5%, 1/8 W, Thick Film, 0805 ERJ-6GEYJ473V Panasonic
34 2 R20 R24 | 1 M(1, 5%, 1/10 W, Thick Film, 0603 ERJ-3GEYJ105V Panasonic
35 1 R21 100 k11, 5%, 1/10 W, Thick Film, 0603 ERJ-3GEYJ104V Panasonic
36 1 R22 1 k[, 5%, 1 W, Thick Film, 2512 ERJ-1TYJ102U Panasonic
37 1 R23 470 k[, 5%, 1/4 W, Thick Film, 1206 ERJ-8GEYJ474V Panasonic
38 1 R25 698 ki1, 1%, 1/8 W, Thick Film, 0805 ERJ-6ENF6983V Panasonic
39 1 R27 240 k[, 5%, 1/8 W, Thick Film, 0805 ERJ-6GEYJ244V Panasonic
40 1 R30 1.50 M(J, 1%, 1/16 W, Thick Film, 0603 ERJ-3EKF1504V Panasonic
41 1 R32 750 k[, 5%, 1/8 W, Thick Film, 0805 ERJ-6GEYJ754V Panasonic
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SNX-R1687 Santronics USA
42 1 T See Inductor Spec TSD-3200 Premier Magnetics
43 1 Ul LYTSwitch, eSIP-7C LYT4313E Power Integrations
44 1 VR1 15V, 5%, 150 mW, SSMINI-2 DZ2S15000L Panasonic

6.2 BEEVI ST F

Iltem Qty | Description
1 1 HEAT SINK, AL-3003, DER364,PI CUSTOM
2 1 RIVET, Al, 0.93 DIA x 0.187 C'sunk
3 1 POST, HEAT SINK, SS, Nickel Plated, 5 mm W x 9.1 mm L
4 1 THERMAL GREASE, SILICONE, 5 OZ TUBE
5 1 EDGE-CLIP-12.33 mm L X 6.35 mm W
6 1 HEAT SHRINK 3/16 IN X 4 FT BLACK
7 1 WASHER, LOCK, #4 SS
8 1 NUT, HEX 4-40, SS
9 1 SCREW PHIL FLAT, HEAD, UNDERCUT 4-40 X .250 (1-4) SST

Power Integrations E
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7 EREH

71 B

2 FRs

6

LOT - AWG 20

LT
4 .

40T - AWG 32

3

Figure 7 — Inductor Electrical Diagram.

Primary Inductance

Pins 5-6 all other windings open, measured at 132 kHz,

380 [JH +2%

Resonant Frequency Pins 5-6, all other windings open.

2.1 MHz (Min.)

7.3 1H

Item

Description

[1] Core: RM5/I-3F3 or equivalent.

[2] Bobbin: B-RM5-V 6 pins 3/3.

[3] Magnet Wire, #30 AWG, solderable double coated.

[4] Magnet Wire, #33 AWG, solderable double coated.

[5] Tape: 3M 1298 Polyester Film, 4.8 mm wide, 2.0 mil thick, or equivalent.

[6] Varnish: Dolph BC-359, or equivalent.

[7] CLI/P-RM4/5 or equivalent.

Power Integrations, Inc.

Tel: +1 408 414 9200 Fax: +1 408 414 9201

www.powerint.com
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14 ERERR

] =
40T - #33AWG : \
., 0000000000
§ X
s b
59T - #30AWG m\
NCOCOOTOCOOLRN
=" 000000000
e e o o

Figure 8 — Inductor Build Diagram.

7.5 ﬁ*ﬁﬁ?fﬁ

General Note

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

Start at pin 6. Wind 59 turns of item [3] as shown in Figure 8. Put 1 layer of tape item

Wbl [5] every layer. Terminate at pin 5.
Start at pin 4. Wind 40 turns of item [4]. Put 1 layer of tape item [5] every layer.
wD2 . .
Terminate the other end at pin 3.
Insulation Place 2 layers of tape item [5] to secure windings.
Grind the core to get the specified inductance.
Secure with clip item [7].
Finish Varnish with item [6].

Cut pin 1 and pin 2 of the bobbin.
Cut transformer clip pin near pin 5 and 6. Refer to Figure 9.

Page 17 of 54
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7.6 [k

5+0_15
Oy 28

Figure 9 — Bottom View, Transformer Pin lllustration.

Figure 10 — Sample Choke lllustration for Bottom Actual View.

Power Integrations, Inc.
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8 MEFEFEA

ACDC_LYTSwitch_Buck_010913;
Rev.0.8; Copyright Power INPUT INFO OUTPUT UNIT
Integrations 2012

ACADC_LYTSwitch_010913:
LYTSwitch Buck Design Spreadsheet

ENTER APPLICATION VARIABLES

Select "YES" option if dimming is

Dimming required NO NO required. Otherwise select "NO".

VACMIN 90 90 \% Minimum AC Input Voltage

VACMAX 132 132 \% Maximum AC input voltage

fL 50 Hz AC Mains Frequency

VO a1 v ;I('));%ical output voltage of LED string at full
Maximum LED string Voltage. Ensure that

VO_MAX 51.25 \% the maximum LED string voltage is below
VO_MAX
Minimum LED string Voltage. Ensure that

VO_MIN 30.75 \% the minimum LED string voltage is above
VO_MIN

V_OVP 56.375 \% Overvoltage setpoint

10 0.35 Typical full load LED current

PO 14.35 Watts Output Power

n 0.85 Estimated efficiency of operation

ENTER LYTSwitch VARIABLES

Selected LYTSwitch device. If Dimming is
required, select device from LNK42XX

LYTSwitch LYT4313 family, Otherwise select device from
LNK43XX family
Select "RED" for reduced Current Limit

Current Limit Mode RED RED mode or "FULL" for Full current limit
mode

ILIMITMIN 1 A Minimum current limit

ILIMITMAX 1.16 A Maximum current limit

fS 132000 Hz Switching Frequency

fSmin 124000 Hz Minimum Switching Frequency

fSmax 140000 Hz Maximum Switching Frequency

\% 79.8173 UA V pin current

Rv 2 M-ohms Upper V pin resistor

VB 25 \% Bias winding voltage

IFB 155.959 UA FB pin current (75 uA < IFB < 250 UA)
FB pin resistor ming Bias windin

REB k-ohms feecli)baci)s stor (assuming Bias winding

VDS 10 v I\_/\c(’;[asg\;gtch on-state Drain to Source

) 0.6 v S:Jotgut Winding Diode Forward Voltage

VDB 07 v glr%smedmg Diode Forward Voltage

Key Design Parameters

KP 05 Ripple to Peak Current Ratio (0.4 < KRP

< 1.3)
LP 378.185 uH Primary Inductance
KP Expected 0.78636 Slplpl3e) to Peak Current Ratio (0.4 < KRP
Expected IO (average) 0.35006 A Expected Average Output Current
ENTER TRANSFORMER CORE/CONSTRUCTION VARIABLES
Core Type RM5 RM5 Selected Core for inductor
Core #N/A P/N: #N/A
Bobbin #N/A P/N: #N/A
AE 0.25 0.25 cm”2 Core Effective Cross Sectional Area
LE 2.32 2.32 cm Core Effective Path Length

Power Integrations E
Tel: +1 408 414 9200 Fax: +1 408 414 9201
Page 19 of 54 www.powerint.com
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AL 1700 1700 nH/TA2 Ungapped Core Effective Inductance
BW 4.7 4.7 mm Bobbin Physical Winding Width
Safety Margin Width (Half the Primary to
M 0 mm )
Secondary Creepage Distance)
L 4 Number of Primary Layers
DC INPUT VOLTAGE PARAMETERS
VMIN 127.279 \% Peak input voltage at VACMIN
VMAX 186.676 \% Peak input voltage at VACMAX
CURRENT WAVEFORM SHAPE PARAMETERS
DMAX 0.32213 Minimum duty cycle at peak of VACMIN
IAVG 0.35006 A Average input Current
Peak Current (calculated at minimum
P 0.88437 A input voltage VACMIN)
Peak Current (calculated at maximum
IP_VMAX 1.01736 A input voltage VACMAX)
INDUCTOR PRIMARY DESIGN PARAMETERS
LP 378.185 uH Primary Inductance
NP 59 59 Primary Winding Number of Turns
ALG 108.643 nH/TA2 Gapped Core Effective Inductance
Maximum Flux Density at PO, VMIN
BM 2608.46 Gauss (BM<3000)
BP 3421.42 Gauss Peak Flux Density (BP<4200)
AC Flux Density for Core Loss Curves
BAC 652.116 Gauss (0.5 X Peak to Peak)
ur 1255.41 Relative Permeability of Ungapped Core
LG 0.27069 mm Gap Length (Lg > 0.1 mm)
BWE 18.8 mm Effective Bobbin Width
Maximum Primary Wire Diameter
ob 031864 mm including insulation
Estimated Total Insulation Thickness (= 2
INS 0.0539 mm * film thickness)
DIA 0.26475 mm Bare conductor diameter
Primary Wire Gauge (Rounded to next
AWG 30 AWG smaller standard AWG value)
cM 101.594 Cmils Ew?lrse conductor effective area in circular
CMA 290.216 Cmils/Amp Primary Winding Current Capacity (200 <

CMA < 500)

Power Integrations, Inc.

Tel: +1 408 414 9200 Fax: +1 408 414 9201

www.powerint.com
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Figure 11 — Heat Sink Fabrication Drawing.
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9.2 UL #PEV 2t

FOR COMPLETED ASSEMBLY
SEE 61-00117-02.

ITEM PART
NO. | NUMBER DESCRIPTION QTY.

1 |75-00084-00 | RIVET,Al,.093 DIA x 0.187 C'sunk | 1

F:\ Apps_Files\Public\Design

5 60-00051-00 POST, HEATSINK,SS,NICKEL 1
Example Reports\DER-364 14W 41V 350mA PLATED,5Smm W x 9.1 mm T
LLO Dim Buck Cree\Heatsink\PDF HEATSINK,AL-3003,DER364,PI
3 |61-00117-00 CUSTOM 1
. ; UNLESS OTHERWISE SPECIFIED: NAME | DATE .
PEPOWER =~ "= Ticrd_Power Integrations
& GES ;IA,E:‘ 5 ; TILE:
The pmduc'iﬁ :ﬁgg:;mgs PART TO BE CLEANED & FREE OF DIRT, Q:Lxlot{w HegrEese (E:::,C::i =
herein (including circuits external to the LR CERD el - HEATSINK, DWG, DER344
product and may H 03 MFG APPR. ’ .
be covered by one or more U.S. and foreign SMEY1AB QA P| CUSTOM
nis or pofenﬂdnly_lzy pending U.S. and ' —
reign patent app igned to COMMENTS:
Power Integrations. A complete list of Power | e assy MATERIAL SIZE [DWG. NO. REV
iintegrations’ patents may be found at
www.powerint.com USED ON FINGH A 61-00117-01 02
Copy:g:i 2013, Power Inte: jons WERHT:
Proprietary and Confidentiai APPLICATION DO NOT SCALE DRAWING SCALE: 1:1 | | SHEET 1 OF 1
T T T T
5 4 3 2

Figure 12 — U1 Heat Sink Assembly Drawing.
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9.3 UL APEH AL,

®
N

\

[TEM PART
NO.| NUMBER DESCRIPTION QrY.
1 [10-00640-00 LYTSwitch, LYT4313E, eSIP-7C 1
2 166-00035-00 THERMAL GREA[[SJ%ESIUCONE’ 5017 1
3 |60-00037-00] EDGE-CLIP-12.33mmL X 6.35mmW 1
4 |62-00003-00[ HEATSHRINK 3/16 IN X 4 FT BLACK | 1
6 [75-00153-00 WASHER, LOCK, #4 SS 1
F:\ Apps_Files\Public\Design L OO T PRI FLAT FE AT UNDERTUT
Example Reports\DER-364 14W 41V 350mA 8 |75-00136-00 440 X 250 [1-4) SST 1
LLO Dim Buck Cree\Heatsink\PDF 9 [61:00117-00] _ HEATSINK, CUSTOM, DER364 | 1
O i Al UNLESS OTHERWISE SPECIFIED: NaiE | DATE P I ¢ t'
EWWER DIMENSIONS ARE IN INCHES DRAWN BY: ING 011613 ower 1n egra 10ns
INTEGRATIONS —~ """ ANGUAR wACHs 0% [ CHEcKeD e TLE:
et L — HEATSINK, ASSY, eSIP-7C,
g’eocoverodby om or more U.S. a\dforeign - = DER364, P| CU STOM
nts or potenti d}, ndhgus and AEY145 an__
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Power Integrations. A complete Iis'o' Power NEXT ASSY MATERIAL SIZE [DWG. NO. REV
iintegrations’ patents may be found at
www.powerint.com USED ON s A 61-00117-02 02
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Figure 13 — U1 and Heat Sink Assembly Drawing.
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10 BHH
All measurements performed at room temperature using an LED e-load. The table in
Section 10.6 shows complete test data values.

10.1 #=

Efficiency (%)

90

89

88

87

86

85

84

83

82

81

80

=+=38 V LED
==41V LED
=#=43 V LED

—
—
-

85 90 95 100 105 110 115 120
Input Voltage (VAC)

Figure 14 — Efficiency vs. Line.

125

130 135 140

Power Integrations, Inc.
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10.2 BUEEEEFIEE L [T

400

==38 V LED
=41V LED

=#=43 V LED
380 ¢

360 1

w
NN
o

Output Current (mA)
w
N
o

300 1

280 1

260 . . . . ' ' ' ' ' '
85 90 95 100 105 110 115 120 125 130 135 140
Input Voltage (VAC)

Figure 15 — Regulation vs. Line and Load.
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10.3 ffs[+gy

1.000

=2=38 V LED
==41V LED
=243V LED

0.995

0.990

0.985

Power Factor

0.980

0.975

0.970 ' ' ' ' ' ' ' ' ' '
85 90 95 100 105 110 115 120 125 130 135 140

Input Voltage (VAC)

Figure 16 — Power Factor vs. Line and Load.
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10.4 A-THD

22

| |
==38 VV LED

ap=/]1\ LED

20 =2=43V LED []

18

[N
(o]

'_\
o

A-THD (%)
[EEN
N

[N
o

|

85 90 95 100 105 110 115 120 125 130 135 140
Input Voltage (VAC)

Figure 17 — A-THD vs. Line and Load.
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10.5 ﬁ,‘f’&&}é’fﬁ’ﬁ

The design met the IEC61000-3-2 Limits for Class C equipment (section 7.3-a) for an
active input power of <25 W, which states that the harmonic currents shall not exceed the
related limits given in Table 2 - Limits for Class C equipment.

10.5.138 V LED 1

120

E Class C Limit
110 - ® Harmonic Content

100 1

Harmonic Content (mA)
N w N al o)) ~ (0] (o]
o o o o o o o o

=
o

o

3 5 7 9 11131517192_1232527293133353739
Harmonic Order

Figure 18 — 38 V LED Load Input Current Harmonics (IEC61000-3-2) at 120 VAC, 60 Hz.

Power Integrations, Inc.
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10.5.241 V LED gi#§

120

m Class C Limit
110 + @ Harmonic Content

100 1

Harmonic Content (mA)
N a1 (o)) ~ (o] (o]
o o o o o o

w
o

20 1

3 5 7 9 11 13 15 17 19 21 23 25 27 29 31 33 35 37 39
Harmonic Order
Figure 19 — 41 V LED Load Input Current Harmonics Case (IEC61000-3-2) at 120 VAC, 60 Hz.
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10.5.343 V LED gi#

120

m Class C Limit
110 + ® Harmonic Content

100 1

Harmonic Content (mA)
N w N a1 (o)) ~ (o] (o]
o o o o o o o o

=
o

o

3 5 7 9 11131517192_1232527293133353739
Harmonic Order

Figure 20 — 43 V LED Load Input Current Harmonics (IEC61000-3-2) at 120 VAC, 60 Hz.
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10.6 JIEt7¥H
All measurements were taken with the board at open frame, 25 °C ambient, and 60 Hz
line frequency.

10.6.1 JJZ4 Rl > 38 V LED fiii

Input Input Measurement Load Measurement
VAC Freq Vin Iin PN Vout lout Pout EffiCiency
PF | %ATHD
(Vews) | (H2) | (Vews) | (MAgg) | (W) : (Voo | (MAxe) | (W) (%)
90 60 90.09 | 158.51 | 14.135]10.990 ] 13.72 | 38.9740 | 307.400 ] 11.996 84.87
100 60 | 100.12 | 147.98 | 14.705 ] 0.993 | 11.23 | 39.0610 | 323.100 | 12.636 85.93
110 60 ] 110.15] 138.44 | 15.149 ] 0.993 9.99 39.1250 | 334.900 | 13.119 86.60
120 60 ] 120.15] 129.84 | 15.497 ] 0.993 9.46 39.1710 | 343.400 | 13.467 86.90
132 60 ] 132.16 | 120.79 | 15.849 ] 0.993 9.19 39.2130 | 350.600 | 13.764 86.84
10.6.2 J{JZ4%¥R] - 41V LED f1ik
Input Input Measurement Load Measurement
VAC Fl‘eq V|N IIN P|N VOUT IOUT POUT Efficiency
PF | %ATHD
(Vews) | (H2) | (Vews) | (MAgug) | (W) i (Voo | (MAs) | (W) (%)
90 60 90.09 | 164.06 ] 14.605] 0.988 ] 14.94 | 40.9800 | 299.400 ] 12.285 84.12
100 60 | 100.11 | 153.38 | 15.228 1 0.992 | 12.09 | 41.0720 | 315.400 | 12.969 85.17
110 60 | 110.15| 143.63 | 15.712 1 0.993 | 10.46 | 41.1380 | 326.800 | 13.461 85.67
120 60 ] 120.16 | 134.68 | 16.076 ]| 0.993 9.79 41.1870 | 334.900 | 13.808 85.89
132 60 ] 132.19 ] 125.16 | 16.427 ] 0.993 9.39 41.2320 | 342.900 | 14.154 86.16
10.6.3 JHE¢%rF] - 43V LED F,‘TIES
Input Input Measurement Load Measurement
VAC | Freq Vin Iin P Vout lout Pour | Efficiency
PF | %ATHD
(Vews) | (H2) | (Vews) | (MARws) | (W) i (Vo) | (MAg) | (W) (%)
90 60 90.10 | 169.38 ] 15.050 | 0.986 | 16.22 | 42.9910 | 291.500 | 12.546 83.36
100 60 | 100.11 | 15857 | 15.72510.991 | 13.06 | 43.0960 | 308.300 | 13.301 84.59
110 60 | 110.12 | 148.68 | 16.252 1 0.993 | 11.09 | 43.1690 | 320.300 | 13.843 85.18
120 60 | 120.15| 139.52 | 16.647 | 0.993 | 10.18 | 43.2220 | 328.900 | 14.233 85.50
132 60 ] 132.19] 129.60 | 17.010 ] 0.993 9.64 43.2700 | 336.800 | 14.588 85.76
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10.6.4 120 VAC 60 Hz - 33 V LED pi#iGd i erh|

Current Harmonics Limits for IEC61000-3-2

V Freq I (mA) P PF %THD
120 60 129.84 15.497 0.993 9.46
nth mA % Limit Limit Remarks

Order | Content | Content <25 W >25 W

1 128.96

2 0.03 0.02% 2.00%

3 3.16 2.45% | 105.3796 | 29.80% Pass

5 3.96 3.07% 58.8886 | 10.00% Pass

7 6.28 4.87% 30.9940 | 7.00% Pass

9 5.43 4.21% 15.4970 | 5.00% Pass
11 5.16 4.00% 10.8479 | 3.00% Pass
13 3.04 2.36% 9.1790 3.00% Pass
15 1.54 1.19% 7.9551 3.00% Pass
17 0.99 0.77% 7.0192 3.00% Pass
19 1.58 1.23% 6.2804 3.00% Pass
21 2.18 1.69% 5.6822 3.00% Pass
23 1.58 1.23% 5.1881 3.00% Pass
25 1.04 0.81% 47731 3.00% Pass
27 0.52 0.40% 4.,4195 3.00% Pass
29 0.20 0.16% 4,1147 3.00% Pass
31 0.49 0.38% 3.8493 3.00% Pass
33 0.59 0.46% 3.6160 3.00% Pass
35 0.72 0.56% 3.4093 3.00% Pass
37 0.81 0.63% 3.2251 3.00% Pass
39 0.65 0.50% 3.0597 3.00% Pass
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10.6.5120 VAC 60 Hz - 41 V LED gi#iGd L erh|

Current Harmonics Limits for IEC61000-3-2

V Freq I (mA) P PF %THD
120 60 134.68 16.0760 | 0.9933 9.79
nth mA % Limit Limit Remarks

Order | Content | Content <25 W >25 W

1 133.75

2 0.04 0.03% 2.00%

3 2.42 1.81% | 109.3168 | 29.80% Pass

5 5.02 3.75% 61.0888 | 10.00% Pass

7 7.05 5.27% 32.1520 | 7.00% Pass

9 5.88 4.40% 16.0760 | 5.00% Pass
11 5.28 3.95% 11.2532 | 3.00% Pass
13 2.78 2.08% 9.5219 3.00% Pass
15 0.99 0.74% 8.2523 3.00% Pass
17 1.55 1.16% 7.2815 3.00% Pass
19 2.07 1.55% 6.5150 3.00% Pass
21 2.39 1.79% 5.8945 3.00% Pass
23 1.47 1.10% 5.3820 3.00% Pass
25 0.74 0.55% 4,9514 3.00% Pass
27 0.46 0.34% 4,5846 3.00% Pass
29 0.45 0.34% 4.2685 3.00% Pass
31 0.70 0.52% 3.9931 3.00% Pass
33 0.77 0.58% 3.7511 3.00% Pass
35 0.81 0.61% 3.5367 3.00% Pass
37 0.69 0.52% 3.3455 3.00% Pass
39 0.34 0.25% 3.1740 3.00% Pass
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10.6.6 120 VAC 60 Hz - 43 V LED pi#iGd i erh|

Current Harmonics Limits for IEC61000-3-2

V Freq I (mA) P PF %THD
120 60 139.52 16.6470 | 0.9931 10.18
nth mA % Limit Limit Remarks

Order | Content | Content <25 W >25 W

1 138.46

2 0.03 0.02% 2.00%

3 1.77 1.28% | 113.1996 | 29.79% Pass

5 6.17 4.46% 63.2586 | 10.00% Pass

7 7.82 5.65% 33.2940 | 7.00% Pass

9 6.27 4.53% 16.6470 | 5.00% Pass
11 5.25 3.79% 11.6529 | 3.00% Pass
13 2.41 1.74% 9.8601 3.00% Pass
15 0.41 0.30% 8.5455 3.00% Pass
17 2.16 1.56% 7.5401 3.00% Pass
19 2.48 1.79% 6.7464 3.00% Pass
21 2.40 1.73% 6.1039 3.00% Pass
23 1.23 0.89% 5.5731 3.00% Pass
25 0.36 0.26% 5.1273 3.00% Pass
27 0.71 0.51% 4,7475 3.00% Pass
29 0.77 0.56% 4.4201 3.00% Pass
31 0.81 0.59% 4.1349 3.00% Pass
33 0.77 0.56% 3.8843 3.00% Pass
35 1.00 0.72% 3.6623 3.00% Pass
37 0.55 0.40% 3.4644 3.00% Pass
39 0.20 0.14% 3.2867 3.00% Pass
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11 F%%?’Fﬁ‘i‘?)’-ﬁ[
TRIAC dimming results were taken at an input voltage of 120 VAC, 60 Hz line frequency,
room temperature, and a nominal 41 V LED load.

The output current High Limit loyt (HL) and Low Limit loyt (LL) were incorporated based
on the USA NEMA publication SSL6-2010 section 4 page 9 for dimming performance
system requirements for reference. The standard however refers to 120 VAC operating
input voltage and pertains to the limits as relative light output. The limits incorporated on
the succeeding graphs assumes that 100% relative light output falls on the maximum

operating output current of 360 mA and 0 mA as 0% light output, and input line of
120 VAC, 60 Hz.

111 JERAE(R 2/ Adilent 68128 AR - ARl BRI I

400
=e=180-0
==0-180
350 1 == ower Limit
Upper Limit
300 +

N
a
o

Output Current (mA)
= [N)
a1 o
o o

100

50 1

0 r— e ————————
0O 10 20 30 40 50 60 70 80 90 100 110 120 130 140 150 160 170 180
Conduction Angle (0)

Figure 21 — Dimming Curve at 120 VAC, 60 Hz Input.
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11.2 @#/1/TRIAC ﬁ?ﬁ@%%%ﬁﬁ@/}‘é@/ﬁﬁ?/(f}”y/zoo ms)

Using a TRIAC-based U.S. dimmer model NT-600 (Lutron) with thumb-wheel adjust set
to minimum turn-on (i.e. <30 degrees) which guarantees the LED driver is off when it is
switched to ON position. The test was made by turning/sliding the dimmer knob as
quickly as possible from minimum to maximum position then measuring the time from the
point the dimmer started conducting to the point the output current started rising.

Input voltage: 120 VAC / 60 Hz

2012/12/13 17:46:00 Normal
YOKOGAWA 4 2MS/s  50nmsfliv
A 1 - - -

.

0.500 VUsdiv
| |nc__ zomhz

| cHa 1:1
0.160 VU div
| e 2emhz

Edge CHZ £
single
| e.050 v

[-100000. dus
1

1y : ; : : : 400000, Ous
-7.10006ns Y1 -5.82682nV
X2 182.56000ns Y2 2.50651mV
ax 189.6000ns aY 8.33333mV

174X 5.274262Hz
Figure 22 — Measured Start-up Time 189 ms.
Flicking the Switch ON, Dimmer at Full
Conduction.
Upper: loyt, 100 mA / div.
Lower: Iy, 500 mA, 50 ms / div.

2012/12/13 17:29:44 Normal

YOKOGAWA 4 1 ZMS/s  50msAliv
B TImd ; ] f f
‘ | il
STRIRIA RIS R RISIR i { v W roe T
3 % : 2 0.500 Usdiv
e | LDC 20MHE
.................... CH4 1:1
: 0.100 V/div
2 DC  20MHZ
A TTTT% |
' : single
»100000.5us,ﬁ'1.a 4 : : : : 400000, s
1 -7.1000ns Y. -5.82682nU
X2 116.0000ns Ye 40.0065nV
ax 117.10006ns Y 45.8333nV

174X 8.539710Hz
Figure 23 — Measured Start-up Time 117 ms.
Quickly Sliding the Knob from Minimum
to Full Conduction.
Upper: loyt, 200 mA / div.
Lower: Iy, 500 mA, 50 ms / div.
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11.3 777 TRIAC £33 REFITRAA B SRBIR
Pop-on per NEMA SSL-6 definition is lowest dimmer setting above minimum at which the
lamp transitions from off to dimmed.

This particular test was conducted using 120 V / 60 Hz TRIAC dimmer model NT-600

(LUTRON dimmer).

Pop On 4
loMin §

29 mA

0 mA

Figure 24 — 42° Conduction Angle was Measured at

Pop-on Point.

2012/12/13 18:59:24 Normal
YOKOGAWA @ T 200kS/s 500nsftiv
B RNy @ YL
cHz 1:1
0.500 U/div
IC  20MHz
CH4 1:1
20.0nV/div
IC  20MHz
“ Edge CH4 £
ST single
_EH|‘H|‘h|‘H|‘H|}H|‘|‘lh'ltiiHl;“\IH\Iﬁ\|u\|uwgu\|uw|u\|u\|u\ 18.0nv
i e
-woo.ooEOms:‘mU: Al i : I 4000, 000ns
1 ~16.000nS I ~6.32813M0
X2 2.470000s Y2 -5.43479mY
ax 2.486000s  AY 8333330

174X 402.2526nHz

Figure 25 — 42° Conduction Angle at Pop-on Point.
Upper: lout, 20 mA / div.
Middle: Vour, 200V / div.
Lower: Iy, 0.5 A/ div., 500 ms / div.
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11.4 /;Ez?f’//q%‘y'é’%’ﬁf/ﬁﬁ‘/ FrVRATE " By
Input: 120 VAC, 60 Hz Utility Line

Output: 41 V LED Load

Dimmer: LUTRON NT-600

2012,12,13 19:25:50 | nin Normal 2012,12,13 19:27:33 |F0————————in Normal
YOKOGAWA ¢ | 414 20MS/S  5nsidiv YOKOGAWA ¢ T 654 ¥ 20MS/s  Snsiliv
[ IR R ; ; ; ; : : (22 B : :

CHZ 1:1
0.200 VUsdiv
DC  26MHz

CHZ 1:1
0.200 VUsdiv
DC  26MHZ

CHe 1:1

CH4 1:1

0.160 VUsdiv 0.100 Vsdiv
DcC 20MHZ DC 20MHZ
Edge CHZ £ Edge CHZ §
Normal Normal
0.050 v | L 0.050 V
[-10000. 00us_ ;&1 : : ; ] ; 40000. 00us = ono.n:ouéu 200 Y : : : ; 40000, 00us
1 16 000NSs Y1 275.846nV 1 16 .50000ns Y1 142.513mV
X2 24.85000ns Y2 275.846mV X2 20.65000ns Y2 230.013nV
ax 8.35000ns ay 0.00000V ax 4.15000ns ay 87.5000nV
1/4X 119.7605Hz 174X 240 .9639Hz
Figure 26 — 144° Conduction Angle. Figure 27 — 90° Conduction Angle.
Upper: loyt, 100 mA / div. Upper: lout, 100 mA / div.
Lower: l,y, 200 mA, 5 ms/ div. Lower: Iy, 200 mA, 5 ms / div.
2012,12,13 19:28:47 N Normal 2012,12/13 19:29:45 |F—————————n Normal
YOKOGAWA 4 | 800 20MS/s SnsAliv YOKOGAWA 49 | 14 20MS/s SnsAdiv
B LR E : : [FF © Loiow” ; 3 : E : :
— . —
0.200 Vsdiv : : : : : 3 : 3 0.200 Vsdiv
C  20MHz OO OO OOTOON. SOVPOOR VOVPOOOE 0 A I OUOTOOON OUOPOOO VOTOOOOs: WOOOOOos I -
— o TSR s o RREION | M| rom T
0.160 VUsdiv : 3 20.6mV/div
20MHz : : c 4 Lok e zemhz
Edge CHZ £ Edge CHZ £
Normal Normal
0.050 U 9.050 U
-1 0000. Dous_ i : ; : 40000, 0bus, -10000.0:0uslm"¢n‘n y B : 5 : : 40000, 00us
1 .50000ns Y1 67.5130nV 1 16.50000ns Y1 15.1693mV
X2 19.25000ns b 74 113.346mV X2 18.35000ns Y2 28.5026nV
ax 2.75000ns ay 45.8333nV ax 1.85000ns ay 13.3333mV
174X 363.6364Hz 174X 540 .5405Hz
Figure 28 — 60° Conduction Angle. Figure 29 — 40° Conduction Angle.
Upper: louyt, 100 mA / div. Upper: loyt, 20 mA / div.
Lower: l,y, 200 mA, 5 ms / div. Lower: Iy, 200 mA, 5 ms / div.
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115 fE15 1T
The following U.S. TRIAC-based dimmers were tested with programmable AC source
(120 VAC, 60 Hz) and 41 V LED load.

Dimmer Imin Imax Dim
Brand Type Remarks Power Part Number (MA) mA) | Ratio
Lutron 600-Watt Slide Dimmer LG-
LUTRON L 600PH-LA 600W LG-600PH-WH 0.1 277 | 2700
Lutron Skylark Incandescent 600W
LUTRON L 3-Way Preset Dimmer with On/Off 600W S-603P-WH 0.1 293 | 2930
Lutron SLV-600P-WH 600-Watt
LUTRON T Skylark Magnetic Low-Voltage 600W SLV600P-WH 0.1 291 2910
Single-Pole Dimmer
LUTRON L Slide-to-Off Single Pole Skylark 600W S-600-WH 01 | 318 | 3180
Dimmer Switch (RFI suppression)
LUTRON L Lutron Skylark 5-Amp White Gloss 600W S-600PH-WH 01 | 206 | 2960
LUTRON L gg'g‘xd Dimmer, Paddlefslide, 120V, { goow | pvwCL-153-PLH-WH 14 | 302 | 21
LUTRON L 600W Diva Dimmer, 3-Way - Ivory 600W DV-603P-WH 0.1 278 | 2780
Lutron Diva DV-600P-WH Incand
LUTRON L 600 Watt Single Pole Light Dimmer in 600W DV-600P-WH 0.1 278 | 2780
White
LUTRON L Ivry Toggle Dimmer 1p Preset 600W TG-600PH-WH 0.1 287 2870
Lutron Ariadni AY-600P-WH Incand
LUTRON T Preset 600 Watt Single Pole Light 600W AY-600P-WH 15 305 20
Dimmer in White
Glyder Incandescent Single Pole 600
LUTRON L Watts Preset Dimmer, White 600W GL-600P-WH 0.1 290 | 2900
LEVITON L SureSiide 600W Incandescent 600W R62-06633-1LW 01 | 325 | 3250
SureSlide 600W Incandescent Slide
LEVITON L Dimmer, Single-Pol 600W R62-06631-1LW 0.1 310 | 3100
lllumaTech Incandescent Preset
LEVITON L Slide Dimmer 600W R60-1P106-1LM 62 326 5
. I 500 W, 120 VAC, Decora Brand
LEVITON Electronic Style 4 Level Dimmer 500W R52-06161-00W 41 312 8
LEVITON L humaTech Rotary Controls 120V AC | goow R52-RPI06-1LW 01 | 334 | 3340
LEVITON L A Push On and Push Off Dimmer 600W R60-06681-0LW 0.1 269 | 2690
Leviton 600-Watt 3-Way Lighted
LEVITON L White/lvory Push Dimmer 600W R60-06684-1LW 0.1 354 | 3540
LEVITON 600W 6683 0.1 354 | 3540
SURESLIDE" MAGNETIC LOW
LEVITON L VOLTAGE DIMMER *600VA, 120V 450W R02-06613-PLW 0.1 322 3220
AC, 60Hz
COOPER SLCO3P-W-K-L 0.1 302 | 3020
LUTRON L Lutron 15-Amp White Slide Dimmer 600W GL-600-WH 0.1 317 | 3170
Diva, Screw Base Compact
Fluorescent Dimming with Philips®
LUTRON L DIMMABLE Energy Saver CFL, 200W DVPDC-203P-WH 148 322 2
Single Pole/3-Way, 200W, White
LUTRON L Lyneo Lx Single Pole Dimmer 600W 500W LX-600PL-wh 31 312 10
Single Pole - Incandescent - Push
LUTRON L On/Off - 600 Watt - White 600W D-600P-WH 0.1 292 2920
LUTRON 600W CTCL-153PDH 9 301 34
LUTRON 600W S-600P 0.1 294 | 2940
LUTRON TGLV-600P 0.1 292 2920
LUTRON 450W TGLV-600PR 0.1 288 2880
LUTRON L Lutron Diva Satin 5-Amp Desert 300W TT-300NLH-WH 0.1 316 | 3160
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Stone Preset Dimmer

LUTRON L Lutron Credenza 300-Watt White 300w TT-300H-WH 01 | 316 | 3160
Lamp Dimmer

LUTRON S-600P 0.1 298 | 2980
LUTRON S-600P 0.1 323 | 3230
COOPER S106P 0.1 307 | 3070

Skylark, Dimmers with On/Off Switch, 55
LUTRON Incandescent/Halogen, 3-Way, 1000 S-103P-WH 315 5
1000W, White
Skylark, Dimmers with On/Off Switch, 35
LUTRON Incandescent/Halogen, Single Pole, 1000 S-10P-WH 312 9
1000W, White
Skylark, Dimmers with On/Off Switch 0.1
& Locator Light, . 600 S-600PNLH-WH 300 | 3000
Incandescent/Halogen, Single Pole,
600W, White

Skylark, Dimmers with On/Off Switch 0.1
& Locator Light,

Incandescent/Halogen, 3-Way, 600 S-603PNL-WH 300 | 3000
600W, White

Skylark, Dimmers with On/Off Switch, 0.1
LUTRON Magnetic Low Voltage, 3-Way, 600 SLV-603P-WH 287 | 2870
600VA, White

Skylark, Slide-To-Off Dimmers, 0.1
Incandescent/Halogen, Eco-Dim,

Single Pole/3-Way, 600W, Clamshell 600 S-603PGH-WH 225 | 2250
Packing, White

Ariadni, Dimmers, Magnetic Low
Voltage, Single Pole, 600VA, White
Ariadni, Dimmers, Magnetic Low 0.1
Voltage, 3-Way, 600VA, White 600 AYLV-603P-WH 280 | 2800
Ariadni, Dimmers with Locator Light, 32
LUTRON Incandescent/Halogen, 3-Way, 1000 AY-103PNL-WH 310 9
1000W, White
Ariadni, Dimmers, 30
LUTRON Incandescent/Halogen, 3-Way, 1000 AY-103P-WH 310 10
1000W, White
Ariadni, Dimmers with Locator Light, 44
LUTRON Incandescent/Halogen, Single Pole, 1000 AY-10PNL-WH 330 7
1000W, White
Ariadni, Dimmers, 50
LUTRON Incandescent/Halogen, Single Pole, 1000 AY-10P-WH 311 6
1000W, White
Ariadni, Dimmers with Locator Light, 0.1
LUTRON Incandescent/Halogen, 3-Way, 600 AY-603PNL-WH 268 | 2680
600W, White
Ariadni, Dimmers,
LUTRON Incandescent/Halogen, Eco-dim, 600 AY-603PG-WH 0.1 194 | 1940
Single Pole/3-Way, 600W, White
Ariadni, Dimmers, 0.1
LUTRON Incandescent/Halogen, 3-Way, 600 AY-603P-WH 275 | 2750
600W, White
Ariadni, Dimmers with Locator Light, 0.1
LUTRON Incandescent/Halogen, Single Pole, 600 AY-600PNL-WH 283 | 2830
600W, White
Diva, Dimmers with Locator Light, 0.1
LUTRON Magnetic Low Voltage, Single Pole, 1000 DVLV-10P-WH 273 2730
1000VA, White
Diva, Dimmers with Locator Light, 0.1
LUTRON Magnetic Low Voltage, 3-Way, 1000 DVLV-103P-WH 277 2770
1000VA, White
Diva, Dimmers with Locator Light, 0.1
LUTRON Magnetic Low Voltage, 3-Way, 600 DVLV-603P-WH 278 2780
600VA, White

LUTRON

LUTRON

LUTRON

LUTRON 600 AYLV-600P-WH 0.1 291 2910

LUTRON
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Skylark, Slide-To-Off Dimmers, 0.1
LUTRON Incandescent/Halogen, Single Pole, 1000 S-1000-WH 315 | 3150
1000W, White
Skylark, Dimmers with On/Off Switch, 0.1
LUTRON Incandescent/Halogen, Single Pole, 600 S-600P-WH 290 | 2900
600W, White

Skylark, Dimmers with On/Off Switch
& Locator Light,

LUTRON 1000 S-103PNL-WH 52 317 6
Incandescent/Halogen, 3-
Way,1000W, White
Glyder, Slide-To-Off Dimmers,

LUTRON Magnetic Low Voltage, Single Pole, 600 GLV-600-WH 0.1 313 | 3130

600W, White

Figure 30 — U.S. TRIAC-Based Dimmers Compatibility List.
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12 BB
12.1 IRﬁ‘?Zﬁf’ =

Images captured after running for more than 2 hours (25 °C), open frame for the
conditions specified.

Non-Dimming V\y = 90 VAC, 60 Hz, 41 V | Non-Dimming V|y = 132 VAC, 60 Hz, 41 V
LED Load. LED Load.

Figure 31 — U1 was Hottest Device. Figure 32 — U1 was Hottest Device.

TRIAC Dimmer Connected V,y = 120 VAC, 60 Hz, 41 V LED Load.
With TRIAC: V,y =120 VAC, 60 Hz, 41 V LED Load at Full Conduction.

Figure 33 — U1 was Hottest Device.
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12.2 A8 popg A g (R

Input Condition | loyr, Mean (mA) | lout, Peak to Peak (mA) | lour Ripple (%)
90 VAC, 60 Hz 310 133 +21.4
120 VAC, 60 Hz 344 138 +20
132 VAC, 60 Hz 353 142 +20.1
2012,12,14 17:51:47 Qi Normal 2012,12/,14 17:53:24 |F————————i" 1:3;““ 15
/S MS/div

YOKOGAWA ¢ | 242 10MS/s  10msftiv YOKOGAWA 4 | 245

Edge CHZ £ Bssesest 3 : : Ensasad] Edge CHZ
Auto : : : : : : : Auto
0.050 v | 0.050 Y
20000, s~ 7101 E B;Jooo.Ous —20000.0;5 0-314.Y SiOUUU-Uus
-P (C1) 16.6667V -P (C1) 8.33333V
Max (C1) 416.6672V Max (C1) 416.662V
P-P (C4) 133.333mV P-P (C4) 137.560mV
Max (C4) 373.3067mV Max (C4) 410.867mV
Figure 34 — 90 VAC, 60 Hz Full Load. Figure 35 - 120 VAC, 60 Hz Full Load.
Upper: loyt, 100 mA / div. Upper: lout, 100 mA / div.
Lower: Vout, 200V, 10 ms / div. Lower: Vout, 200 V, 10 ms / div.
2012/12/14 17:54:10 [/F—————————————in Normal

YOKOGAWA 4 | 253 16MS/s  10ns/div

‘| Edge CHZ £
Auto
| e.650 v

50000. 0us

|-z0000. gius ~0 710 :
-P (C1) 16.6667V
Max (C1) 416.662V
P-P (C4) 141.667nV
Max (C4) 419.141mV

Figure 36 — 132 VAC, 60 Hz Full Load.
Upper: loyt, 100 mA / div.
Lower: Vout, 200 V, 10 ms / div.
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TG Y

Normal
ZHS/S SOns/div

12.3 TEAFHG

2012/12/14 18:01:50 ug 1M
YOl OGN‘IA’ :

CHe 1:1
0.100 U/div
26MHZ

Edge CH4 £
single
0.080 U

|-200000. 0us - 717 Y : 300000. dus
—P (C1) 350.000V
Max (C1) 425.000V
P-P (C4) 383.333mV
Max (C4) 369.141nV

Figure 37 — 90 VAC, 60 Hz.
Upper: loyt, 100 mA / div.
Lower: Vout, 200 V, 50 ms / div.

12.4 - /e/“g_’/’ﬁT p/;k@fwxw
2013,01,04 12:22:21 ﬂ— (itC] Normal

YOKOGNNA * 57 SeMs/s
oY 5 3 : 3 5

I 124000

Zl'lsldw

CH3 100:1
0.100kV/d iv
DC  Full
CHa 1:1
0.500 Usdiv
20MHZ

Edge CHZ £
Auto
0.190 U

Max (C4) ?274.740mV
Rns (C4) 343.433mV

Figure 39 — 90 VAC, 60 Hz.
Upper: Iprain, 0.5 A/ div.
Lower: Vpran, 100V, 2 ms / div.

Normal
2MS/s  50nsidiv

e R ————————— 1

YOKOGAWA *

CH4 1:1
0.106 Vdiv
20MHZ

Edge CH4 £
single
0.080 U

300000. dus

|-200000. 0us - 17 Y

-P (C1) 375 000U
Max (C1) 441.662V
P-P (C4) 429.167mV
Max (C4) 414.9724mV

Figure 38 — 132 VAC, 60 Hz.
Upper: lout, 100 mA / div.
Lower: Vour, 200 V, 50 ms / div.

Normal
SOMS/s

2013/01/04 12:23:50 e

YOKOGAWA 4 52
H B Rt :

2nsftiv
:~5H5/diu

CH3 100:1
0.100kV/div
DC  Full
CH4 1:1
0.500 VUsdiv
20MHZ

Edge CHZ £
Auto
0.190 U

-7065. 00us.

7115, 00us ~; 10 :
Max (C3) 112. 500U
Max (C4) ?774.746mV
Rms (C4) 343.433mV

Figure 40 — 90 VAC, 60 Hz.
Upper: Ipran, 0.5 A/ div.
Lower: Vpran, 100 V / div., 5 LIs / div.
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Normal
SOMS/s

BryoU 12:05:7) e
9

YOKOGAWA 4 2ns/div
o 3

CH3 100:1
0.100kV/div
DC  Full

CH4 1:1
0.500 Vsdiv
DC  26MHZ

Edge CHZ §
Auto
0.190 U

|-10000. dous"f; A} :
Max (C3) 1760.833V

Max (C4) 858.673nV
Rms (C4) 306.999mV

Figure 41 — 132 VAC, 60 Hz.
Upper: lorains 0.5 A / div.
Lower: Vpran, 100V, 2 ms / div.

12.5 fﬁgfﬁfiw@fw /57}7:

2012/12/18 17:28:5221] g Normal
YOl OGAW\Q 2 10MS/s _ 10ns/tie
[EFR :

CH3 100:1

6.500 Usdiv
o000, 0us| DC 20MHZ

Edge CH4 £
single
0.800 U

i 570, 0us. =) 670, Ous.
Hax (C3)
Max (C4)

Rns (C4)

)

154.162V
920.703nV
25.1651mV

Figure 43 — 90 VAC, 60 Hz Start-up.
Upper: Iprains 500 mA / div.
Lower: Vpran, 100 V,10 ms / div.

Normal
SOMS/s  2Zmsliv

2013,/01,04 12:24: 12
9
B B - : : ~o5usAdiv

YOKOGAWA 0
EH 700

CH3 100:1
0.100kV/div
DC  Full
CH4 1:1
0.500 VUsdiv
20MHZ

Edge CHZ £

-7115. 00us =5: 140 ~7065. 00us

i ;
Max (C3) 170 8330
Max (C4) 858.073ny
Rms (C4) 306.999nU

Figure 42 — 132 VAC, 60 Hz.
Upper: Ioramn: 0.5 A / div.
Lower: Vpran, 100V [ div., 5 [Is / div.

Normal
10MS/s  10nsfdiv

2012,12,18 17:29:41 It

YOKOGPWA’
o3 T 0L TapRy

CH3 100:1
0.100kV/div
DC  Full
CH4 1:1
0.500 VUsdiv
nc 20MHZ

Edge CH4 £
single
0.800 V

S 670, Ous

tf;;?nféaz) iigﬁfgsw E
Max (C4) 970.703my
Rns (C4) 75.1651mU
Figure 44 — 90 VAC, 60 Hz Start-up.
Upper: Ibran, 500 mA / div.

Lower: Vpran, 100V, 10 [1s / div.
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2012/12/18 17:32: s
YOKOGAWA 4 3

T Z00RY

Normal
10MS/s  10ns/div

CH3 100:1
0.100kU/div
OC__ Full
CH4 1:1
0.560 VUsdiv
60000.0us| DC  Z20MHZ
+10usAliv

Edge CH4 §
Single
0.800 U

450, 0us.

Max (C4) 1.47076V
Rms (C4) 83.0324mV

Figure 45 — 132 VAC, 60 Hz Start-up.
Upper: lorains 500 MA / div.
Lower: Vpran, 100V, 10 ms / div.

Normal
10MS/s  10nsAdiv
+10us/diy

2012/12/18 17:32:345 e
YOKOGAWA 4 3
i S

0k

CH3 100:1
0.100kV/div
DC_ Full
CH4 1:1
0.500 Vsdiv
DC  26MHz

F Ty

Edge CH4 £
single
0.800 U

k-]

350.0us ©  =3: {3kl £
Max (C3) 229.167V
Max (C4) 1.47076V
Rns (C4) 83.0324mV

1450, 0us

Figure 46 — 132 VAC, 60 Hz Start-up.
Upper: lorains 500 mA / div.
Lower: Vpran, 100V, 10 (s / div.
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12.6 it 5 R A ST R A

During output short condition, the Igg current falls below the Igg@ar) threshold and enters
the auto-restart condition. During this condition, to minimize power dissipation on the
power components, the auto-restart circuit turns the power supply on and off at an auto-
restart duty cycle of typically DCar for as long as the fault condition persists.

2012,12/19 13:09:22 ﬂgﬂm
YOKOGAWA 4 |
BE SO :

Normal
500kS/s 200nsAtiv

CH3 100:1
0.100kVU/div
DC  Full

CHd 1:1
1.60 Vrdiv
DC  26MHz

Edge By
Auto
49.8 U

1200. 000ms.

|-800. 0000s 4 {4l 5
Max (C3) 150.600V
Max (C4) 1.916672V
Rms (C4) 56.9397mV

Figure 47 — 90 VAC, 60 Hz Output Short Condition.
Upper: Iprain, 1 A/ div.
Lower: Vpran, 100 V, 200 ms / div.

2012,12,19 13:10:00 BE@«
YOKOGAWA 4 ]
i L :

Normal
500kS/s 200ns/div

CH3 100:1
0.100kVU/div
DC  Full

‘| [ChE 1:1
1.00 Usdiv
DC  20MHZ

‘| Edge £
Auto
| 49.8v

1200. 000ms.

[-200. 000hs ~4: {1g :
Max (C3) 225.000V
Max (C4) 2.00000V
Rms (C4) 49.8685nV

Figure 48 — 132 VAC, 60 Hz Output Short Condition.
Upper: Ipran, 1 A/ div.
Lower: Vpran, 100 V, 200 ms / div.
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12.7 [~ /42@_"/’?:_& /7 J/ﬁc/w ﬁ/ﬁlﬁgbﬁ'ﬁyj ,’gwr/

2013,01,03 19:50:15 u% qn  Normal
YOKOGAWA 43 20M5/s

5n%ﬂm

CH3 100:1
0.100kV/div
DC  Full
CH4 1:1
0.500 Usdiv
DC  26MHz

Edge CHZ §
Auto
0.190 U

25000. 00us

25000, us

Max (C3) 112.5000
Max (C4) ?733.073mV
Rms (C4) 290.393mV

Figure 49 — 90 VAC, 60 Hz.
Upper: Ip7, 500 mA / div.
Lower: Vp7, 100 V, 5 ms / div.

2013,01,03 19:51:22 ﬂ%um Nornal
YOKOGNNA * 58 20MS/s Sns/liv

CH3 100:1
0.100kV/div
DC__ Full

CHe 1:1
0.500 Usdiv
DC  26MHz

Edge CHZ §
Auto
0.190 U

Max (C3) 166.6670
Max (C4) 816.406mV
Rms (C4) 418.698mV

Figure 51 — 132 VAC, 60 Hz.
Upper: Ip7, 500 mA / div.
Lower: Vp7, 100 V, 5 ms / div

2013,01,03 19:50: 55znu%um Normal
YOK%?AM&"

20MS/s  Smsfio
CRIY ! : : : : : $9SHSAlin

L

CH3 100:1
0.100kVU/div
DC  Full
CH4 1:1
6.500 U/div
DC  26MHz

Edge CHZ £
Auto
0.190 U

-4740. 00us

4790, 00ius ~3; 1§
Max (C3) 112. SBOU

Max (C4) ?733.023mV
Rms (C4) 296.393mV

Figure 50 — 90 VAC, 60 Hz.
Upper: Ip7, 500 [IA / div.
Lower: Vp, 100 V, 5 [Is / div

2013/01/03 19:51: 41— _Normal
YOKOGAWA 4 58 20MS/s  SmsAtiv
s F ¥ ? 3 3 2 P B ~oSHsAiy

CH3 100:1
" 0.100kV/div
DC _ Full

CH4 1:1
0.500 Vsdiv
DC  26MHZ

Edge CHZ £
Auto
0.190 U

-

4790, 00us ~7; 1) -4740. 00us

Max (C3) 166. 667U
Max (C4) 816.406mV
Rns (C4) 418.698mV

Figure 52 — 132 VAC, 60 Hz.
Upper: Ip7, 500 mA / div.
Lower: Vp7, 100 V, 5 [Is / div.
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12.8 FEAFH

2012/12/19 1z . g
Yokocana ¢

! RS
%ﬂm ggggl bsowm

CH4 1:1
0.100 Vsdiv
DC  26MHZ

Edge CH4 £
single
0.150 U

|-200000. 0us - 70 Y i 300000, 0us
-P (C1) 366.667V
Max (C1) 441.667V
Max (C4) 365.755nV

Rms (C4) 230.8725mV

Figure 53 — 90 VAC, 60 Hz Start-up Condition.
Upper: Ips, 0.1 A/ div.
Lower: Vps, 200 V, 50 ms / div.

KW
13.1 ity * oty

2012/12/19 12 26: 42 [IE Ot Normal

YOKOGAWA Q 358 ] 20MS/s  SnsAliv

[fF : LFEIY D 3 7 R : : B
CHZ 1:1
0.200 Vsdiv
DC  20MHz
CH4 1:1
0.160 Usdiv
nc 26MHZ
Edge CH4 £
Auto
0.150 V

|-20000. oous_: 231 U ; 30000, 00us

Rns (C2) 167.266mV

P-P (C4) 129.167mV
Max (C4) 369.922mV
Avg (C4) 305.920mV

Figure 55 - 90 VAC, 41 V LED Load.
Upper: loyt, 100 mA / div.
Lower: Iy, 200 mA, 5 ms / div.

Normal

2MS/s  SOnsiiv

2012/12,19 12:21:37 D%ﬂm
YOKOGNNA’ _

CH4 1:1
0.1006 Usdiv
DC  26MHZ

Edge CH4 £
single
0.156 V

|-200000. dus 300000, 0us

-P (C1) 366.6672V
Max (C1) 450.600V
Max (C4) 428.255mV
Rms (C4) 276.516mV

Figure 54 — 132 VAC, 60 Hz Output Short Condition.
Upper: Ips, 0.1 A/ div.
Lower: Vps, 200 V, 50 ms / div.

2012,12,19 12:27:20 u%um Normal
YO (DGAWAQ 361 20MS/s  Snsliv

BE : REIY

CHZ 1:1
0.200 Vsdiv
DC  20MHz

CH4 1:1
0.160 Vsdiv
DC  26MHz

Edge CH4 £
Auto
0.150 U

|-20000. gbus- 30000. 00us

|-20000, gous 1540 U

Rns (CZ) 128.438mV
P-P (C4) 137.500mV
Max (C4) 424.089mV
Avg (C4) 354.889mV

Figure 56 — 132 VAC, 41V LED Load.
Upper: lout, 100 mA / div.
Lower: Iy, 200 mA, 5 ms / div.
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14 [EEME EMI
The design met the limits for conducted electromagnetic emission (EMI) with frequency
range of 9 kHz to 30 MHz as per described in the CISPR 15/ IEC: 2005 Standard.

14.1 MEeqEE!
The unit was tested using 41 V LED load at input voltage of 120 VAC, 60 Hz at room
temperature. The unit was placed inside a conical metal housing as shown in Figure 57.

Figure 57 — EMI Test Set-up with the Unit and LED Load Placed Inside a Conical Metal Housing as
Described in CISPR 15/ IEC: 2005 Standard.
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14.2 FSHER/

TDF

Power Integrations RBW 9 kH=z
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782.418853721
782.418853721
1.04414099339
1.17656420634
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kHz
MH?z
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44.08
33.47
31.03

N
N
L1
L1
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Figure 58 — Conducted EMI, 41 V LED Load, 120 VAC, 60 Hz, and EN55015 B Limits.
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15 S
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.

The unit tested passed both £2500 V 100 kHz ring wave and +500 V differential surge
with and without MOV (see Figures 59 and 60). In both conditions unit passed.

Level Rl Injection Injfcelen) Test Result
V) VOIIEGE Location eSS Tgfpe (Pass/Fail)
(VAC) @)
100 kHz Ring
+2500 120 L1, L2 0 Wave (500 A) Pass
100 kHz Ring
-2500 120 L1, L2 0 Wave (500 A) Pass
100 kHz Ring
+2500 120 L1, L2 90 Wave (500 A) Pass
100 kHz Ring
-2500 120 L1, L2 90 Wave (500 A) Pass
Level IRl Injection AU Test Result
V) VolEge Location Finze? 92 (Pass/Fail)
(VAC) @)
+500 120 L1, L2 0 Surge (2 1) Pass
-500 120 L1, L2 0 Surge (2 [1) Pass
+500 120 L1, L2 90 Surge (2 [1) Pass
-500 120 L1, L2 90 Surge (2 [1) Pass
2012/12/16 16:48:14 |/—/——o———n  Normal 2012/12/10 16:46:26 [————————————in Normal
YO ?GMAQ— ‘q 1 : ‘ : 5(?!18/5 :Z"S/diu Yox(:(;mf Hq 8 " i : : . SMS/s :Zens/diu
| R NO MOV Vpran: 458 Vpk [ T
e S : : : : : : : IC  Full

Edge CHZ §
Normal
0.204kY

|-4000, 00us ~0- 100K 16000. 00us
Max (C1) 287.500V :
Max (C2) 291.667U 0000, oiss =0+ 106KY
Max (C1) 416.6672V

Max (CZ2) 458.333V

160000, Ous

Figure 59 — +2500 V 100 kHz Differential Ring Figure 60 — No MOV +500V 1.2 [1s /50 [s
Wave. Differential Surge.
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Date Author Revision | Description and Changes Reviewed
04-Apr-13 | RM 1.0 Initial release Apps and Mktg
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