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Figure 1 — Populated Circuit Board.
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Figure 2 — Populated Circuit Board, P Package, Top.
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Figure 6 — There are 2 Possible LYTSwitch-0 Package Options for this Application - Only Difference is the
Temperature Rise, P Package being Lower by 5 °C.
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Figure 8 — Printed Circuit Layout for DIP-8 P Package.Top View.
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Figure 9 — Printed Circuit Layout for P Package.Bottom View.
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Figure 11 — Printed Circuit Layout for D Package.Bottom View.
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6 HPRFE

Item | Qty | Ref Des | Description | Manufacturer P/N | Manufacturer

Electrical
1 1 C1l 100 nF, 400 V, Film ECQ-E4104KF Panasonic
2 1 Cc2 330 nF, 450 V, METALPOLYPRO ECW-F2W334JAQ Panasonic
3 1 C3 100 nF, 25V, Ceramic, X7R, 0603 VJ0603Y104KNXAO Vishay
4 1 C4 22 uF, 16 V, Ceramic, X7R, 0805 C2012X5R1C226K TDK
5 1 C5 68 uF, 100 V, Electrolytic, Gen. Purpose, (10 x 16) UHE2A680MPD Nichicon
6 1 C6 1.0 pF, 450 V, Electrolytic, NHG, (8 x 11.5) ECA-2WHGO010 Panasonic
7 4 D1 8‘21 D3 (ll\(z(l)z(l)_'\:/) 1 A, Rectifier, Glass Passivated, DO-213AA DLA007-13-F Diodes, Inc.
8 1 D5 DIODE ULTRA FAST 600 V 2 A HE SMC, DO-214AB STTH2R06S ST Micro
9 1 D6 600V, 1 A, Rectifier, Glass Passivated, DO-213AA (MELF) DL4005-13-F Diodes, Inc.
10 1 L2 4.7 mH, 0.150 A, 20% RL-5480-3-4700 Renco Elect
11 1 L3 3.9 mH, 0.250 A, 20% RL-5480HC-4-3900 Renco Elect
12 1 R1 4.7 kQ, 5%, 1/8 W, Thick Film, 0805 ERJ-6GEYJ472V Panasonic
13 2 R2 R3 31/8 O, 1%, 1/8 W, Thick Film, 0805 ERJ-6ENF30R1V Panasonic
14 2 R4 R5 180 kQ, 5%, 1/4 W, Thick Film, 1206 ERJ-8GEYJ184V Panasonic
15 1 R7 1 MQ, 5%, 1/4 W, Thick Film, 1206 ERJ-8GEYJ105V Panasonic
16 1 RF1 10 Q, 5%, 2 W, Wirewound, Fusible FW20A10R0JA Bourns
17 1 RV1 275V, 23 J, 7 mm, RADIAL V275LA4P Littlefuse
18 1 Ul LYTSwitch-0, DIP-8B LYTO006P/D Power Integrations
19 1 VR1 100 V, 5%, 1 W, DO-41 1IN4764A-TAP Vishay

Mechanical
16 1 WIRE (V-) | Wire, UL1007, #24 AWG, BIk, PVC, 4" 1007-24/7-0 Anixter
17 1 WIRE (L) Wire, UL1007, #24 AWG, Blu, PVC, 4" 1007-24/7-6 Anixter
18 1 WIRE (V+) | Wire, UL1007, #24 AWG, Red, PVC, 4" 1007-24/7-2 Anixter
19 1 WIRE (N) Wire, UL1007, #24 AWG, Wht, PVC, 4" 1007-24/7-9 Anixter
20 1 PCB FR4, 0.31, 1 Oz Cu (0.65” X 7.0%)
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7 AVFOEOREEHE—F

ACDC_LYTSwitchZero_052813; LYTSwitchZero_Rev_0-

Rev.0.8; Copyright Power INPUT INFO OUTPUT UNIT | 8.xIs:LYTSwitchZero Design

Integrations 2013 Spreadsheet

INPUT VARIABLES

VACMIN 190 190 Volts | Minimum AC Input Voltage

VACNOM 230 230

VACMAX 265 265 Volts | Maximum AC Input Voltage

FL 50 50 Hertz Line Frequency

VO 85 85 Volts Output Voltage

10 135 135 mA Output Current

Pout 115 w
Overall Efficiency Estimate (Adjust to

EFFICIENCY 0.90 0.90 match Calculated, or enter Measured
Efficiency)

CIN 0.43 0.43 uF Input Filter Capacitor

DC INPUT VARIABLES

VMIN 85.70624 Volts | Minimum DC Bus Voltage

VMAX 374.7666 Volts

LYTSwitchZero

LYTSwitchZero LYTO006 LYTO006

ILIMIT 0.375 Amps | Typical Current Limit

ILIMIT_MIN 0.33275 Amps [ Minimum Current Limit

ILIMIT_MAX 0.401 Amps | Maximum Current Limit

FSMIN 62000 Hertz | Minimum Switching Frequency
Expected RMS current through

IRMS 110.4053 mA | XTswich )

VDS 48375 Volts \I\;I;gg:rgrgpn-smte Drain To Source

DIODE

VD 0.7 Volts Freewheeling Diode Forward Voltage
Drop

IE 1 Amps Recommended Diode Continuous
Current Rating

Diode Recommendation BYV26C Suggested Freewheeling Diode

OUTPUT INDUCTOR

Core type Off-the-Shelf Off-the-Shelf g?;iﬁte?gﬂiffype between Ferrite and

Core size Select core size

Custom Core Enter custom core description (if used)

AE N/A mm”2 | Core Effective Cross Sectional Area

LE N/A mm Core Effective Path Length

AL N/A nH/TA2 | Ungapped Core Effective Inductance

BW N/A mm Bobbin Physical Winding Width

NL N/A Number of turns on inductor

BP N/A Gauss | Peak flux density

LG N/A mm Gap length

oo NiA incluing neutation -

INS N/A Eitlfrillﬁrzttehdic'li?]teaslslysulatlon Thickness (=

DIA N/A Bare conductor diameter

AWG N/A Primary Wire Gauge (Rounded to next

Power Integrations, Inc.
Tel:+1 408 414 9200 Fax: +1 408 414 9201
WwWw.powerint.com Page 12 of 42




08-Oct-13 DER-384 12 W Non-Isolated Buck Using LYTO006P/D
smaller standard AWG value)

cM N/A E]?I;e conductor effective area in circular
I INCREASE CMA > 200 (increase

CMA N/A L(primary layers),decrease NS, use
larger Core)

L N/A
Output Inductor, Recommended

LP 3510 3510 uH Standard Value

10_Average 135.7396 mA Average output current

ILRMS Estimated RMS inductor current (at

174.5175 mA VMAX)

FEEDBACK COMPONENTS

REB 15.05 15.05 Ohms Feedback Resistor.Use closest
standard 1% value

CFB 22 uF Feedback Capacitor

OUTPUT REGULATION

IO_VACMIN 135.7396 mA | Output Current at VACMIN

I0_VACNOM 136.7358 mA | Output Current at VACNOM

10_VACMAX 135.3795 mA Output Current at VACMAX

Page 13 of 42
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DER-384 12 W Non-Isolated Buck Using LYTO006P/D 08-Oct-13
8 MEET—4
All measurements performed at room temperature (=25 °C) otherwise specified.
Input Input Measurement LED Load Measurement . -
Regulation | Efficiency
VAC | Freq Vin Iin Pin PE Vour lout Pourt (%) (%)
(Vrws) | (Hz) | (Verws) | (MARws) W) (Voe) | (MApc) (W)
Voutr Minimum
190 50 189.93 83.76 12.377 1 0.778 | 82.0 136.2 11.190 0.89 90.41
200 50 |199.89| 81.65 | 12.432]0.762| 82.0 136.6 | 11.230 1.19 90.33
220 50 219.95 78.22 12.460 | 0.724 | 82.0 136.6 11.220 1.19 90.05
240 50 239.93 75.75 12.459 1 0.686 | 82.0 136.2 11.180 0.89 89.73
265 50 264.97 73.32 12.464 | 0.642 | 81.9 135.8 11.140 0.59 89.38
Vour Nominal
190 50 |189.95| 84.98 | 12.777]0.792| 85.0 135.7 | 11.580 0.52 90.63
200 50 |199.89| 82.94 | 12.818 | 0.773 | 85.0 136.1 | 11.600 0.81 90.50
220 50 219.95 79.45 12,924 1 0.740 | 85.1 136.9 11.670 141 90.30
240 50 239.93 76.78 12,922 1 0.701 | 85.1 136.5 11.630 1.11 90.00
265 50 264.97 74.40 12,930 | 0.656 | 85.1 136.1 11.590 0.81 89.64
Vour Maximum
190 50 189.95 86.14 13.173 ] 0.805 | 88.1 135.4 11.970 0.30 90.87
200 50 ]199.89| 84.04 | 13.230]0.788| 88.1 135.8 | 12.000 0.59 90.70
220 50 |219.95| 80.51 | 13.307 ] 0.752| 88.2 136.3 | 12.050 0.96 90.55
240 50 239.93 77.84 13.391 1 0.717 | 88.2 136.7 12.080 1.26 90.21
265 50 264.97 75.55 13.417 | 0.670 | 88.2 136.4 12.050 1.04 89.81

Table 1 — Test Data from the UUT.
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Figure 12 — Efficiency with Respect to AC Input Voltage 190-265 VAC (60 Hz) Input.
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Figure 13 — Load Regulation, Room Temperature.
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Figure 14 — Load Regulation at 190 V, 230 V and 265 V. The Design Can Operate in a Wide Operating
Output Voltage.

Power Integrations

Tel:+1 408 414 9200 Fax: +1 408 414 9201
Page 17 of 42 Www.powerint.com g




DER-384 12 W Non-Isolated Buck Using LYTO006P/D 08-Oct-13

84 AHFE

0.90

=32 \/
=2=385 V
0.85 + =88 V

0.80

o
\'
&

Power Factor
o
\I
o

0.65 ¢

0.60 1

0.55 ' ' ' ' ' ' ' ' '
180 190 200 210 220 230 240 250 260 270 280

Input Voltage (Vgys)

Figure 15 — Power Factor Performance at Different LED Voltage.
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9 EFHE
9.1 FAL-EE

AC Source: Chroma Programmable AC Source ~ Wattmeter: Yokogawa Power Meter
Model No: 6415 Model No:WT2000
Data Logger: Agilent

Figure 18 — Thermal Unit with Thermocouple Set-up.
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08-Oct-13

9.2 BEFHITHER
Input:190 V / 50 Hz

Load:85V /135 m A LED load.

Device Location Unit Measurement
External Ambient °C 36.8
Internal Ambient °C 42.7
Bridge (D2) °C 50.0
LYTO006P/D (U1) °C 49.0
Power Inductor (L2) °C 44.0
Output Diode (D5) °C 50.0

Table 2 — Thermal Measurement.

WWW. powerint.com

Power Integrations, Inc.
Tel:+1 408 414 9200 Fax: +1 408 414 9201
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08-Oct-13 DER-384 12 W Non-Isolated Buck Using LYTO006P/D

9.3 #MIXF+>

Open-frame thermal measurement at 25 °C ambient.UUT was soaked for 1 hour to
achieve steady-state before the measurement.

Figure 21 — EMI Choke; L1 Temperature (°C). Figure 22 — D1 Temperature (°C).

Power Integrations

Tel:+1 408 414 9200 Fax: +1 408 414 9201
Page 21 of 42 Www.powerint.com g




DER-384 12 W Non-Isolated Buck Using LYTOO06P/D 08-Oct-13

Figure 23 — D5 Freewheeling Diode Temperature (°C)  Figure 24 — Temperature (°C) at Bottom Side of PCB.

Power Integrations, Inc.
Tel:+1 408 414 9200 Fax: +1 408 414 9201
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08-Oct-13 DER-384 12 W Non-Isolated Buck Using LYTO006P/D

10 EH

10.1 BEHIEBDFL 1> EELFL 12 &G

Skipped cycles are normal as they are the mode used to regulate the output
current.These skipped cycles will occur every time the voltage drop on sense resistor (R2,
R3) reaches 1.65 V. The unit will enter into auto-restart if there is not at least one missing
pulse within 50 ms.

In some designs with high power inductance and operating mostly in CCM, a reverse
current may be present.This can be avoided by increasing the device size, increasing the
input capacitance, or adding a drain blocking diode.See AN-60 for more additional
information

File  Yertic

Trigger

o m Measure PrmaxC 2y PZminiCz) Pamax(F 1y PAmaxc3) P&mean(C3) PEIMS(CY
value 314y <10y 323V 695 mA 8ama 135 mA
v v v v

L " ’ ganudad
Measure P1:max(CI) P2min(C2) PImax(F1) Pamax(C3) Pamean(C3 PEMSCY status [ o

value 73V <10V 182V T12ma a1 ma 143ma Fi ©iog)
v 200 Vidiv

2.00 msfdiy

- 130Y

status 1 & v v

LeCroy 713112013 4:58:17 PM 81212013 B:52:05 PM
Figure 25 - 190 VAC, 50 Hz, Nominal V gp Load. Figure 26 — 220 VAC, 50 Hz, Nominal V gp Load.
F1 (Orange):Vp.s, 200 V / div. F1 (Orange):Vp.s, 200 V / div.
Chl (Ye”OW):VBULK—GROUND! 100 V / d|V Chl (Ye”OW):VBULK-GROUNDI 100 V / d|V
Ch2 (Yellow):Vs.g, 100 V / div. Ch2 (Yellow):Vs.g, 100 V / div.
Ch3 (Blue):lpran, 500 mA / div. Ch3 (Blue):lprain, 500 mA / div.
Time Scale:2 ms / div. Time Scale:2 ms / div.

Power Integrations g
Tel:+1 408 414 9200 Fax: +1 408 414 9201
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08-Oct-13

PEIMSICI)
131 A

Measure P1max(C2) PZmin(C2) PImax(F1) PamaK(Cy) P&mean(C3
value 342V <10V 352V 696 A,
13 13 v v

status
F1 (G1-C2

200 Vidi
2.00 msidi

230

8212013 6:52:35 P

R icc =

LeCroy

Figure 27 — 240 VAC, 50 Hz, Nominal V gp Load.
F1 (Orange):Vp.s, 200 V / div.
Chl (YeIIOW):VBULK—GROUNDv 100 V / d|V
Ch2 (Yellow):Vs.g, 100 V / div.
Ch3 (Blue):lpran, 500 mA / div.
Time Scale:2 ms / div.

PEMSICI)

"
P&mean(C3)
128 A

PImax(F1) PamaK(Cy)
387V 696 A

v v

PZmin(C2)

P1max(C2)
378V
13

[
F1 ©1-C2
200 Vid
2,00 msidr
- 430

Measure
value

8212013 6:53:06 P

Figure 28 — 265 VAC, 50 Hz, Nominal V gp Load.
F1 (Orange):Vp.s, 200 V / div.
Chl (Ye”OW):VBULK-GROUNDI 100 V / d|V
Ch2 (Yellow):Vs.g, 100 V / div.
Ch3 (Blue):lprain, 500 mA / div.
Time Scale:2 ms / div.

Vhulk

ds
IR Y VV VA
o =
Measure P1max(C2) P2min(C2) PImax(Fl) Pdmax(C3) Pamean(Cy PEMSICY Measure Prmax(C3) PZmin(C3) P max(Fl) Pamax(C3)
alue B2V <10V pLER 680 mA BImA 138 mA val 314y =10V 323W 648 mA
v v v [ ] v v

o

¥
status 13

F (C1-C1;

200 Yigh

10.0 psid

= - 560

Figure 29 — 190 VAC, 50 Hz, Nominal V gp Load.
F1 (Orange):Vp.s, 200 V / div.
Ch1 (Yellow):VgyLk-crounp, 100 V / div.
Ch2 (Yellow):Vs.g, 100 V / div.
Ch3 (Blue):lpran, 500 mA / div.
Time Scale:10 us / div.

/212013 6:54:08 P

F1 (€1-C3)
200 Vi

10.0 pisidi

- 560

Figure 30 — 220 VAC, 50 Hz, Nominal V gp Load.
F1 (Orange):Vp.s, 200 V / div.
Ch1 (Yellow):VguyLk-crounp, 100 V / div.
Ch2 (Yellow):Vs.g, 100 V / div.
Ch3 (Blue):lprain, 500 mA / div.
Time Scale:10 ps / div.

8212013 B:55:02 PM

Power Integrations, Inc.
Tel:+1 408 414 9200 Fax: +1 408 414 9201
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DER-384 12 W Non-Isolated Buck Using LYTO006P/D

A Vs A A
Measure PTmaxC2) PZmINC2) PImax(F1y Peman(C3) PSmean(C3) PEIMS(C3)
valug 33V - 664 MA 58 mA 111 mA
status U U v
F1 (C1-C2;
00 Wity 200 Vidi 0.0 ps
-40 10.0 psidi
& - 560
61212013 B:55:25 PM

LeCroy

Figure 31 — 240 VAC, 50 Hz, Nominal V gp Load.
F1 (Orange):Vp.s, 200 V / div.
Chi (YeIIOW):VBULK—GROUNDv 100 V / div.
Ch2 (Yellow):Vs.g, 100 V / div.
Ch3 (Blue):lDRNN, 500 mA / div.
Time Scale:10 us / div.

AAA
WYV

= V M j V v \

Measure PrmaxC 2y PZminiCz) Pamax(F 1)y Pamax(c3) P5mean(C3) PaIms(Cy)

value 3TN E 3|7V 648 MA 53mA 105 mA
v v v v

status

LeCroy

U

U
F1 (C1-C2;
- 560

200 Vi
10.0 psidi

imebase

10

500 kS

822013 6:55:51 PW

Figure 32 — 265 VAC, 50 Hz, Nominal V gp Load.
F1 (Orange):Vp.s, 200 V / div.

Chil (Ye”OW):VBULK—GROUNDn 100 V / div.
Ch2 (Yellow):Vs.g, 100 V / div.

Ch3 (Blue):lDRAm, 500 mA / div.

Time Scale:10 us / div.

Power Integrations

Page 25 of 42

Tel:+1 408 414 9200 Fax: +1 408 414 9201 g
Www.powerint.com
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10.2 HHEHEEDRFL 1> EER UV ET

Device is operating within range, no inductor saturation was observed.

Analysis  Utiliies  Help

iiities  Help File Vetical Timehase Trigger Display Cursors Measure Math

L HHEEE ﬂ
- ———— p e e m e e o e e
: A v v v status v 7-/ v v — 17 v
8172013 11:07:11 AM @y — 8172013 11.07:59 AM
Figure 33 — LYT0006D Output Short.190 VAC. Figure 34 — LYT0006D Output Short.190 VAC.
Ch1:Vgyik, 100 V / div. Ch1:Vgyik, 100 V / div.
Ch2:Vs.g, 100 V / div. Ch2:Vsg, 100 V / div.
Ch3:lpran, 0.5 A / div. Ch3:lpran, 0.5 A/ div.
Time Scale:2 ms / div. Time Scale:10 ps / div.

] It Wil 55
L EJqL 1 ﬂ I
"
.
s SR -ﬂ == -
;
ke ke
e
[e 2| \viinimg
Measure P1:max(c) P2min(C2) P3max(F1) Pdmax(C3) P&mean(C3) PEIMSICY Measure P1max(C2) PZMINC2) P3max(F1) Pemax(Cy) Pimean(C3) PGrms(C3)
value 378 <10V 406V 1.04 8 2ma 30mA 368Y BV 367V 1044 08
13 4+ v v v v v

Figure 35 - LYT0006D Output Short.265 VAC. Figure 36 — LYT0006D Output Short.265 VAC.
Ch1:Vgywk, 100 V / div. Ch1:Vgywk, 100 V / div.
Ch2:Vs, 100 V / div. Ch2:Vg, 100 V / div.
Ch3:lprain, 0.5 A/ div. Ch3:lprain, 0.5 A/ div.
Time Scale:2 ms / div. Time Scale:10 ps / div.

Power Integrations, Inc.
Tel:+1 408 414 9200 Fax: +1 408 414 9201
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DER-384 12 W Non-Isolated Buck Using LYTO006P/D

10.3 FL1>EFERUVEREZHTOT71/L
Device | . i

ge, no inductor saturation was observed.

I —— =
*‘“MIH“ Ty ,.n-""'—'" ——
e il

Figure 37 — 190 VAC / 50 Hz Start-up.
Ch1:Vgyik, 100 V / div.
Ch2:Vs.g, 100 V / div.
Ch3:|DRAIN: 0.5 A/ div.
F1:Vp.s, 200 V / div.
Time Scale:2 ms / div.

LeCroy
Figure 38 — 190 VAC / 50 Hz Start-up.
Chl1:Vgyik, 100 V / div.
Ch2:Vsg, 100 V / div.
Ch‘?’:IDRAINn 0.5 A/ div.
F1:Vps, 200 V / div.

Time Scale:20 us / div.

< Id
< vds bl >
#
f
Measure Plmax(C2) P2mIn(G2) P3masF1) P4:maxic3) P5imean(C3) Measure Plmax(C2) P2mIn(C2) PaimaxF1) PAmaxc3) P5mean(C3) PBmS(CY
valug I78Y <-10¥ 406Y 1.004 18 mA value E Y BY 380y 940 maA 327mA 105 ma
4 v o L4 v v
@
136
it

A
F1 (C1-CZ;
i 20041
] 2.00 msidi

Figure 39 — 265 VAC / 50 Hz Start-up.
Ch1:Vgyik, 100 V / div.
Ch2:Vsg, 100 V / div.
Ch3:IDRA|N1 0.5 A/ div.
F1:Vps, 200 V [ div.
Time Scale:2 ms / div.

F1 (C1-C2)
v 200 Wid
at] .00 psfdi

Figure 40 — 265 VAC / 50 Hz Start-up.
Ch1:Vgyik, 100 V / div.
Ch2:Vsg, 100 V / div.
Ch3:IDRAIN1 0.5 A/ div.
F1:Vps, 200V [ div.
Time Scale:5 us / div.

Page 27 of 42
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DER-384 12 W Non-Isolated Buck Using LYTO006P/D

08-Oct-13

10.4 BHEREHTOT77 1/

Output current/light is present in just one AC cycle 100 ms.

Trigger Display Cursors Measure Math Analysis Utiliies Help

\
i
Vb a4

e

?_:3

r
|
|
|
|
|
i
|
|

Al

LN
R S iy
-

J\V/\VAH\H\/\HW/\E

NVVVVV VYV v W VYV VY
3

Measture P1max(C4) P2 mm(m) Pamean (G4 Pa:-- P - P~ Measure P1max(C4) P2 mm(m) Pamnean (G4 Pa:-- P - P~

value 205 my 747m\f value 188 my wazmv

status v status v

K= -144760ms A= 376132ms
Hi= 220372ms 1A= 266573 Hz

-6 m

81172013 11:41:56 AM

LeCroy ]

Figure 41 — 190 VAC, 5 OHz, Nominal V gp Load.
Ch1l (Yellow):V |y, 200 V / div.
Ch2 (Red):Voyr, 20 V.
Ch3 (Blue):ly, 200 mA / div.
Ch4 (Green):loyt, 100 mA / div.
Time Scale:20 ms / div.

Gursors Measure Math  Analysis  Utiiies  Help

File Verical Timebase Trigger

Kl= -146760ms  AX= 37.7720ms
H2= 23.1960mS 1A= 26.4746Hz

8M1/2013 11:47:43 AM

Flgure 42 — 220 VAC, 50 Hz, Nominal V gp Load.
Ch1l (Yellow):V iy, 200 V / div.
Ch2 (Red):Voyr, 20 V.
Ch3 (Blue):ljy, 200 mA / div.
Ch4 (Green):loyt, 100 mA / div.
Time Scale:20 ms / div.

File Verical Timebase Trigger Display Cursors Measurs Math Analysis Utilties Help

. o
~ 3

|
|
|
. ot
!
|

/ Ar‘\ﬂvﬂ\ﬂvﬂ\ rJ\vr“\ ﬁJ\VfJMr

WU \ /A CY VYV
ca I

Measure P1man(Cy P2 mm(C4) PImean{C4 P4--- Pa--- PG=-- Measure P1max(C4) P2 mm(C4) PImean(C4) FPé--- Pa--- PG=---

value 195 my 752!’"\/ walue 189 my TEEmV

status v status v

0 e
K‘t -140584ms &K= 37.5132ms
HI= 23.4548ms 1MK= 26.6573 Hz

81172013 1:24:58 PM

Figure 43 — 240 VAC, 50 Hz, Nominal V gp Load.
Ch1l (Yellow):V |y, 200 V / div.
Ch2 (Red):VouT, 20 V.
Ch3 (Blue):ljn, 200 mA / div.
Ch4 (Green):loyt, 100 mA / div.
Time Scale:20 ms / div.

K‘t -153522ms &%= 38.8070ms
HI= 23.4548ms 1MK= 257885 Hz

81172013 1:27:17 PM

Figure 44 — 265 VAC, 50 Hz, Nominal V gp Load.
Ch1l (Yellow):Vyy, 200 V / div.
Ch2 (Red):VouT, 20 V.
Ch3 (Blue):lin, 200 mA / div.
Ch4 (Green):loyt, 100 mA / div.
Time Scale:20 ms / div.

Power Integrations, Inc.
Tel:+1 408 414 9200 Fax: +1 408 414 9201
Www.powerint.com
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10.5 AHATOZ7 1/

There is no limitation to the amount of output capacitance that can be added.If the
application requires low output current ripple then increase the output capacitor value
until the desired level is achieved.Note that the output current waveform below will
change depending on LED load impedance which also varies according to LED type.An
LED with high bulk resistance (low current rated LED) will tend to have lower ripple than
high current LED with low bulk resistance for the same curre ssed

mehase Trigger Display Cursors

/\V/\?”\Vﬂ\ ~\ f’\vf/\\l//\v//\ ~\ J\Vf‘\?‘J\Vﬂ\f’\v/‘"\f"\vﬂ’\fJ\Vr/\vf'

Measure P1max(C4) P2mIn(C4) Pamean(C4) Pa:--
valug 202 my 55 131.4 mv
v v v

Measure P1max(Ca) P2mIn(C4) Pamean(C4) Pa:--
201 my 49y 131.1 my
v v v

M2 3113304 AM

812013 11:31:32 A0 LeCroy

e A oo
Figure 46 — 220 VAC / 50 Hz, Nominal V gp Load.

Figure 45 - 190 VAC / 50 Hz, Nominal V gp Load.
Ch1l (Yellow):V iy, 200 V / div.
Ch2 (Red):Vour, 20 V.
Ch3 (Blue):ly, 200 mA / div.
Ch4 (Green):loyt, 100 mA / div.
Time Scale:10 ms / div.

Ch1l (Yellow):Vyy, 200 V / div.
Ch2 (Red):Vour, 20 V.

Ch3 (Blue):ljy, 200 mA / div.
Ch4 (Green):loyt, 100 mA / div.
Time Scale:10 ms / div.

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

Page 29 of 42



DER-384 12 W Non-Isolated Buck Using LYTOO06P/D 08-Oct-13

Help e Verical Timehase Triguer Display Cursors Measure Math  Analysis  Utilies H)

easure  Math Analysis  Utilities

—

~ o~

=

)\
1
L
1
\

Iy

1

cal

Measure Plman(C4) P2min(C4) PEmeanicd Pa: - P& PB:-- Measure Plimax(C4) P2min(C4) PEmeaniC4 P4:-- P& P~
value 199 mi a8 my 131.9mVv value 195 mi B4 mi 132.0 mVv
status v v v

status L4 Ll v

LeCroy 8MI201311.33:43 AM LeCroy 81i2013 11.34:43 AM

Figure 47 — 240 VAC / 50 Hz, Nominal V gp Load. Figure 48 — 265 VAC / 50 Hz, Nominal V gp Load.
Ch1 (Yellow):V\y, 200 V / div. Ch1 (Yellow):Vy, 200 V / div.
Ch2 (Red):VOUT, 20 V. Ch2 (Red):VOUT, 20 V.
Ch3 (Blue):ly, 200 mA / div. Ch3 (Blue):ljy, 200 mA / div.
Ch4 (Green):loyt, 100 mA / div. Ch4 (Green):loyt, 100 mA / div.
Time Scale:10 ms / div. Time Scale:10 ms / div.

Power Integrations, Inc.
Tel:+1 408 414 9200 Fax: +1 408 414 9201
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08-Oct-13 DER-384 12 W Non-Isolated Buck Using LYTO006P/D

10.6 AAYITRUIY—S

An inherent advantage of the buck converter implemented within LYTSwitch-0 is the
imperceptible start-up delay, the driver will turn-on within 100 ms as shown below.No
failure of any component occurred during line fluctuation tests.

LeCroy 81/2013 1:50:18 PN

80112013 1:47:52 PM

Figure 49 — Line Sag Testat230-0V atls Figure 50 — Line Sag Testat 230-0V at0.5s
Interval. Interval.
Ch1:V\\, 200 V / div. Ch1:V, 200 V / div.
Ch2:Vour, 20 V / div. Ch2:Vour, 20 V / div.
Ch4:loyt, 100 mA / div. Ch4:loyt, 100 mA / div.
Time Scale:2 s / div. Time Scale:2 s / div.

File Verical Timehase Trigger eas ysis  Utilities  Help

LeCroy

LeCroy 8/1/2013 1:51:45 PM
Figure 51 — Line Sag Testat 230-0V at0.3 s Figure 52 — Line Sag Testat230-0V at0.1s
Interval. Interval.
Chl:V|N, 200 V / div. Chl:V|N, 200 V / div.
ChZ:VOUT, 20V / div. ChZ:VOUT, 20 V / div.
Ch4:|ou‘|’, 100 mA / div. Ch4:|0UT, 100 mA / div.
Time Scale:2 s/ div. Time Scale:2 s/ div.

Power Integrations g
Tel:+1 408 414 9200 Fax: +1 408 414 9201
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10.7 D> 3vRE T IRE
The reference design is protected with one shot no-load protection.Replace VR1 after
fault.lt's been observed that the SMD Zener tends to short out when it fails.Use of a SMD

diode (500 mW) is recommended.

5
A
=
f

TR T
lot

cg)
20.0 vrdiy| 100 mividiy

-80.00 V ofgt -400.0 mv|

- 1230v]-- 616 v}

Figure 53 — No-Load Protection when Load is Figure 54 — No-Load Start-Up.265 V / 50

Disconnected.265 V / 50 Hz.Ch2:Vy, Hz.Ch2:V,y, 200 V / div.
200 V / div. Ch2:Vour, 20 V / div.
Ch2:Vour, 20 V / div. Ch3:loyt, 100 mA / div.
Ch3:loyt, 100 mA / div. Time Scale:100 ms / div.

Time Scale:100 ms / div.

Power Integrations, Inc.
Tel:+1 408 414 9200 Fax: +1 408 414 9201
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10.8 AL A GES

No failure of any component during brown-out test of 1 V / sec and 10 V / sec AC cut-in
and cut-off.

Tricoer

LeCroy

Figure 55 — Brown-out Testat 1 V / s.
The Unit is Able to Operate Normally Without Any Failure and Without Flicker.
230V -0-230V.
Ch1:Viy, 200 V / div.
Ch2:Vour, 20 V / div.
Ch3:loyt, 100 mA / div.
Time Scale:50 s/ div.

Power Integrations g
Tel:+1 408 414 9200 Fax: +1 408 414 9201
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11 AAhY—

Differential input line 1 kV / 50 us surge testing was completed on a single test unit
following the test method described in IEC61000-4-5. Input voltage was set at 230 VAC /
60 Hz.Output was loaded at full load and operation was verified following each surge
event.

Surge Vg]lit);gte Injecti_on Injection | Test ReSL_JIt
Level (kV) (VAC) Location | Phase (°) (Pass/Fail)
+1 230 LtoN 90 Pass
-1 230 LtoN 90 Pass
+1 230 LtoN 270 Pass
-1 230 LtoN 270 Pass
+1 230 LtoN 0 Pass
-1 230 LtoN 0 Pass

Unit passed under all test conditions.Tested up to 30% more voltage and no failure was
observed.

Differential ring input line surge testing was completed on a single test unit following the
test method described in IEC61000-4-5. Input voltage was set at 230 VAC / 60 Hz.Output
was loaded at full load and operation was verified following each surge event.

Surge Vlc?l?:gte Injecti_on Injection | Test Resglt
Level (V) (VAC) Location | Phase (°) | (Pass/Fail)
+2500 230 LtoN 90 Pass
-2500 230 LtoN 90 Pass
+2500 230 LtoN 270 Pass
-2500 230 LtoN 270 Pass
+2500 230 LtoN 0 Pass
-2500 230 LtoN 0 Pass

Unit passed under all test conditions.Tested up to 30% more voltage and no failure was
observed.

Power Integrations, Inc.
Tel:+1 408 414 9200 Fax: +1 408 414 9201
WwWw.powerint.com Page 34 of 42
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Figure 56 — Differential Line Surge at 1 kV / Figure 57 — Differential Line Surge at 1 kV /

90°.Peak Drain Voltage Recorded is 0°.Peak Drain Voltage Recorded is 591
664 V. V. ChlVBULK
Chl:VBULK-GROUNDI 200 V / div. GROUND: 200 V / div.

Ch2:Vsg, 200 V / div. Ch2:Vsg, 200 V / div.

F1:Vpran, 500 V [ div. F1:Vpran, 500 V [ div.

Time Scale:500 ps / div. Time Scale:500 ps / div.

Figure 58 — Differential Ring Surge at 2500 V / Figure 59 — Differential Ring Surge at 2500 V /

90°.Peak Drain Voltage Recorded is 0°.Peak Drain Voltage Recorded is 380
458 V. V.

Chl:VBULK-GROUND: 200 V / d|V Chl:VBULK-GROUNDr 200 \Y / d|V
Ch2:Vgg, 200 V / div. Ch2:Vgg, 200 V / div.

F1:Vpran, 500 V / div. F1:Vpran, 500 V / div.

Time Scale:500 pus / div. Time Scale:500 pus / div.

Power Integrations

Tel:+1 408 414 9200 Fax: +1 408 414 9201 E
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12 {=z& EMI

Figure 60 — The Driver was Tested in a Tube Lamp.Position the AC Inlet as Close as Possible to the End
for Best EMI Performance.Let the DC Output Wire Cross the Driver.

Power Integrations, Inc.
Tel:+1 408 414 9200 Fax: +1 408 414 9201
WwWw.powerint.com Page 36 of 42
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DER-384 12 W Non-Isolated Buck Using LYTO006P/D

Power Integrations RBW 9 kHz
25.Jul 13 21:47 MT 500 ms
Att 10 dB AUTO
dBuv 120 100 kHz 1 MHz 10 MHz
EN55016 UIMIT CHECK pAsSs
110
SGL
1100
|
-0
N
I~
2 aAv | N
CLRWR 50 TDF
6DB

‘.,_/\
getiene
P
\4
-20
9. kHz 30 MHz

Figure 26 — Conducted EMI, Maximum Steady State Load, 230 VAC, 60 Hz, and EN55015 B Limits.UUT

was Fitted Inside a T8 Tube Enclosure.
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DER-384 12 W Non-Isolated Buck Using LYTO006P/D

08-Oct-13

EDIT PEAK LIST (Final Measurement Results)

Tracel: EN550150

Trace?2: EN55015A

Trace3: -—-

TRACE FREQUENCY

2 Average 9.4590904509
2 Average 64.5467705779
2 Average 125.720633819
2 Average 130.825395691
2 Average 148.891503746
1 Quasi Peak 151.5 kHz
2 Average 175.886796739
2 Average 256.711570318
1 Quasi Peak 2.50634031306
2 Average 3.15087835298
2 Average 16.4353775277
2 Average 30 MHz

kHz

kHz

kHz

kHz

kHz

kHz

kHz

MHz

MHz

MHz

LEVEL dBuvVv

22.
11.
20.
21.
22.
50 .
34.
35.
37
28.
27 .
16.

77
79
27
01
87
87
50
64

.58

85
83
88

N

N

L1

N

L1l

N

L1l

L1

N

L1l

L1

L1l

gnd
gnd
gnd
gnd
gnd
gnd
gnd
gnd
gnd
gnd
gnd

gnd

DELTA LIMIT dB

-15.
-20.
-15.
-18.
-17.
-22.
-33.

04
17
89
41
15
16
11

Table 3 — Conducted EMI, Maximum Steady State Load, 230 VAC, 60 Hz, and EN55015 B Limits.UUT was
Fitted Inside a T8 Tube Enclosure.
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Figure 61 — Conducted EMI, Maximum Steady State Load, 230 VAC, 60 Hz, and EN55015 B Limits.UUT
Without Enclosure.
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Tracel:
Trace?2:

Trace3:

EDIT PEAK

LIST
EN550150

EN55015A

(Final Measurement Results)

NN RN NN RN DN NN

TRACE

Average
Average
Average
Average
Quasi Peak
Average
Average
Average
Quasi Peak
Average

Average

Average

FREQUENCY
9.1809 kHz
27.159076558 kHz
42.0780345374 kHz
128.247618558 kHz
151.5 kHz
175.886796739 kHz
194.288447245 kHz
259.278686021 kH=z
2.45695550736 MHz
2.71400741459 MHz
8.10890375706 MHz

26.2351923234 MHz

LEVEL dBuvVv

23.11 L1l
11.76 L1

9.26 N
36.48 L1l
57.33 N
42.89 L1
42.76 L1
43.74 L1l
38.72 L1l
30.37 L1
24.58 L1
18.47 N

gnd
gnd
gnd
gnd
gnd
gnd
gnd
gnd
gnd
gnd
gnd

gnd

DELTA LIMIT dB

-8.

-11

-11.

-7.

-17

-15.
-25.
-31.

57

.78

08
70

.27

62
41
52

Table 4 — Conducted EMI, Maximum Steady State Load, 230 VAC, 60 Hz, and EN55015 B Limits.UUT
without Enclosure.
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