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Figure 1 — Populated Circuit Board Photograph.
(L: 10" [254 mm] x W: 0.78” [19.8 mm].
Heat Sink Highest Component: 0.36” [9.14 mm]

Power Integrations E
Tel: +1 408 414 9200 Fax: +1 408 414 9201
Page 5 of 48 www.powerint.com



DER-356 T10 24 W Buck-Boost LED Driver Using LNK419EG 6-Dec-12
2 U MEc2t0l A
Otel H= &2 x4 o8 A== UEELICH A ds2 20 &80 UEE N
USLILCE
&3 s A | U =IO ct2| &9

=]
&t Vin 90 265 VAC 26 A —PE. SIS
F1H= fLINE 50/60 Hz
=
LED & & Vout 134 Vv
LED & & 180 mA
s E8 M
s £ M Pour 24 W
Lo
HEH EMI EN55015B &=
SLPA HI & o
2! 90| 2 (100kHz)

ClHl&E 2E(L1-L2) 2.5 kv
ClHa & MXI(1.2/50us) 500 Y
k=R=1 92 % 230VAC, 25°C OIlN &5
NXINE EN 61000-3-2 2eH A

= VOUT(TYP), IOUT(TYP)
S8 0.97 2 230VAC, 50Hz O A ==
FH2E Tame 40 °C

E

Power Integrations

www.powerint.com

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

Page 6 of 48



6-Dec-12

DER-356 T10 24 W Buck-Boost LED Driver Using LNK419EG

3 =2k

F1 L1
L 315A

o P 2 0A"
TP1

R
90 - 265 5.6 kQ
VAC 1/8 W
L2

r 2?(;‘vﬂ

e

L3
470 uH

BR1
DF10M
1000 V

a{§
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Figure 3 — Printed Circuit Layout,  Figure 4 — Printed Circuit Layout, ~ Figure 5 — Printed Circuit Layout,
Top and Bottom. Top. Bottom.
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6 BOM
6.1 NIJ[E BOM
Item | Qty g:; Description Mfg Part Number Mfg
1| 1| Bra [20%1 (’ﬁ" hdge Rectifier, DF-M, Glass DF10M Diodes, Inc.
2 1 C1 100 nF, 275 VAC, Film, X2 LE104-M OKAYA
3 1 Cc2 100 nF, 400 V, Film ECQ-E4104KF Panasonic
4 1 C3 4.7 [IF, 400 V, Electrolytic, (8 x 11.5) SHD400WYV 4.7uF Sam Young
5 1 C4 10 [JF, 16 V, Ceramic, X5R, 0805 GRM21BR61C106KE15L Murata
6 2 C5C6 | 2.2 [F, 50 V, Ceramic, Y5V, 1206 GRM31MF51H225ZA01L Murata
7 1 C7 4.7 nF, 1 kV, Thru Hole, Disc Ceramic 562R5GAD47 Vishay
8 1 C8 150 [IF, 200 V, Electrolytic, (12.5 x 30) 200KXW150MEFC12.5X30 Rubycon
9 1 C9 100 nF, 200 V, Ceramic, X7R, 1206 VJ1206Y104KXCAT Vishay
10 1 D1 1000 V, 1 A, Rectifier, DO-41 1N4007-E3/54 Vishay
11 1 D2 600 V, 3 A, TO-220AC LXA03T600 Power Integrations
12 1 D3 100V, 0.2 A, Fast Switching, 50 ns, SOD-323 BAV19WS-7-F Diodes, Inc.
13 1 D4 250V, 250 mA, Fast Switching, DO-35 BAV21 Vishay
14 1 D5 250V, 0.2 A, Fast Switching, 50 ns, SOD-323 BAV21WS-7-F Diodes, Inc.
15 1 D6 75V, 300 mA, Fast Switching, DO-35 1N4148TR Vishay
16 1 D7 200V, 2 A, Ultrafast Recovery, 25 ns, SOD57 BYV27-200-TR Vishay
17 1 F1 3.15 A, 250V, Slow, RST 507-1181 Belfuse
18 1 HS1 Heat Sink, Custom, Al, 3003, 0.062" Thk Custom
19 | 3 | M12% [470H 038 Radial TSLOB0BRA-471KR38-PF TDK
20 1 Q1 PNP, Small Signal BJT, 500 V, 0.15 A, SOT23 FMMT560TA Zetex
21 2 R1R2 | 5.6 ki1, 5%, 1/8 W, Carbon Film CFR-12JB-5K6 Yageo
22 1 R3 510 ki1, 5%, 1/4 W, Carbon Film CFR-25JB-510K Yageo
23 1 R4 2.0 M1, 5%, 1/4 W, Carbon Film CFR-25JB-2M0 Yageo
24 1 R5 2.00 M1, 1%, 1/4 W, Thick Film, 1206 ERJ-8ENF2004V Panasonic
25 1 R6 249 k[, 1%, 1/16 W, Thick Film, 0603 ERJ-3EKF2492V Panasonic
26 1 R7 10 ki1, 5%, 1/10 W, Thick Film, 0603 ERJ-3GEYJ103V Panasonic
27 1 R8 4.7 k[, 5%, 1/4 W, Thick Film, 1206 ERJ-8GEYJ472V Panasonic
28 1 R9 20 k(1, 5%, 1/4 W, Thick Film, 1206 ERJ-8GEYJ203V Panasonic
29 1 R10 100 k[, 5%, 1/4 W, Carbon Film CFR-25JB-100K Yageo
30 1 R11 90.9 k[, 1%, 1/8 W, Thick Film, 0805 ERJ-6ENF9092V Panasonic
31 1 R12 35.7 k1, 1%, 1/8 W, Thick Film, 0805 ERJ-6ENF3572V Panasonic
32 1 R13 200 k[, 1%, 1/8 W, Thick Film, 0805 ERJ-6ENF2003V Panasonic
33 1 R14 1 kL, 5%, 1/10 W, Thick Film, 0603 ERJ-3GEYJ102V Panasonic
34 1 RV1 250V, 21 J, 7 mm, RADIAL LA V250LA4P Littlefuse
35 1 T Bobbin, EDR-3909, Horizontal, 8 pins SBEF
Transformer SNX-R1681 Santronics USA
36 Ul LinkSwitch-PH, eSIP LNK419EG Power Integrations
37 VR1 39V, 5%, 150 mW, SSMINI-2 MAZS39000L Panasonic

Power Integrations
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7 T1EBMAEH AL

7.1 &IIE PEE
EDR3909

1
AWG#29 86T

2

AWG#36 13T

I
3

Figure 6 — Electrical Diagram.

7.2 SIIE A

Primary Inductance Pins 1-2, all other windings open, measured at 66 kHz, 2.8 mH +2%
0.4 Vrys.
Resonant Frequency Pins 1-2, all other windings open. 1 MHz (Min.)
7.3 ME
Iltem Description
[1] Core: EDR3909.
[2] Bobbin: EDR3909, Horizontal, 8 pins, 5/3.
[3] Magnet Wire: #29 AWG.
[4] Magnet Wire: #36 AWG.
[5] Tape: 3M 1298 Polyester Film, 4.5 mm wide.
[6] Copper Tape: 0.125” wide, 2 mil thick.
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Figure 7 — Transformer Build Diagram.

75 E#AZEN PH

Bobbin Preparation

Pull-out pin number 3 and 6.

General Note

For the purpose of these instructions, Bobbin is oriented on winder such that pin 1 side is
on the left side (see illustration). Winding direction as shown is clockwise.

Start at pin 2; wind with firm tension 86 turns of item [3] in 7 layers from left to right. At the

varr?a(?; 1 end o_f 1§t layer, continue to V\_/ind the _next_le}yer fr_om _right to Ieft._ On the final layer, spread
the winding evenly across entire bobbin. Finish this winding on pin(s) 1
Insulation 1 layer of tape [5] for insulation.
WDG2 Start on pin(s) 4 and wind 13 turns of item [4]. Wind in same rotational direction as primary
Bias winding. Spread the winding evenly across entire bobbin. Finish this winding on pin(s) 5.
Insulation 2 layers of tape [5] for insulation.

Assemble Core

Assemble and secure the cores.

Construct a flux band by wrapping a single shorted turn of item [6] around the outside of

Flux Band windings and core halves with tight tension. Make an electrical connection to pin(s) 5 using
wire. Add 3 layers of tape, item [4], for insulation.
Finish Varnish transformer assembly.

g Power Integrations
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76 EHAZN AL TE
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instructi
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Start at
pin 2;
wind
with firm
tension
86 turns
of item
[38]in7
layers
from left
to right.
At the
end of
1st
layer,
continue
to wind
the next
layer
from
right to
left. On
the final
layer,
spread
the
winding
evenly
across
entire
bobbin.
Finish
this
winding
on pin(s)
1

WDG1
Primary
1
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1 layer
of tape
[5] for
insulatio
n.

Insulatio
n

Start on
pin(s) 4
and
wind 13
turns of
item [4].
Wind in
same
rotationa
|
direction
as
primary
winding.
Spread
the
winding
evenly
across
entire
bobbin.
Finish
this
winding
on pin(s)
5.

WDG2
Bias
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|
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Insulatio
n

Assembl
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secure
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Assemb
le Core

Constru
ct a flux
band by
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shorted
turn of
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around

e the
outside
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with tight
tension.
' Make an
electrical
connecti
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using
wire.
Add 3
layers of
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for
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n.

Flux
Band
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Varnish
transfor
mer
assembl

y.

Finish
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8 QYH £} AZLEAE
parameters can be calculated using LinkSwitch-PH PIXIs

Buck-boost

inductor

spreadsheet using VO = VOR.

ACDC_LinkSwitch-
PH_071112; Rev.1.8;

LinkSwitch-PH_071112: Flyback Transformer

Copyright Power I8 Lo L= nar Design Spreadsheet
Integrations 2012
ENTER APPLICATION VARIABLES
Dimming required NO NO gf:}i?&vggze?gélﬁagfnmmmg is required.
VACMIN 90 \% Minimum AC Input Voltage
VACMAX 265 \% Maximum AC input voltage
fL 50 Hz AC Mains Frequency
VO 140.00 140 \ Typical output voltage of LED string at full load
VO_MAX 154.00 \% Maximum expected LED string Voltage.
VO_MIN 126.00 \% Minimum expected LED string Voltage.
V_OVP 169.40 \% Over-voltage protection setpoint
10 0.18 0.18 A Typical full load LED current
PO 25.2 W Output Power
n 0.90 0.9
VB 20 20 \ Bias Voltage
ENTER LinkSwitch-PH VARIABLES
LinkSwitch-PH LNK419 LNK419 Universal 115 Doubled/230V
Chosen Device LNK419
Current Limit Mode RED RED SFel'fLCLtgf?uﬂogurﬁgﬁfﬁafrﬂ%rg Limit mode or
ILIMITMIN 2.35 A Minimum current limit
ILIMITMAX 2.73 A Maximum current limit
fS 66000 Hz Switching Frequency
fSmin 62000 Hz Minimum Switching Frequency
fSmax 70000 Hz Maximum Switching Frequency
v 38.7 UA V pin current
RV 3.909 M-ohms Upper V pin resistor
RV2 1.402 M-ohms Lower V pin resistor
IFB 155.8 uA FB pin current (85 uA < IFB < 210 uA)
RFB1 109.1 k-ohms FB pin resistor
VDS 10 \% LinkSwitch-PH on-state Drain to Source Voltage
VD 0.50 v Output Winding Diode Forward VoItage Drop
(0.5 V for Schottky and 0.8 V for PN diode)
VDB 0.70 \% Bias Winding Diode Forward Voltage Drop
Key Design Parameters
>0.9,0.
KP 0.46 0.46 Slﬁgit%.l;()eak Current Ratio (For PF > 0.9, 0.4
LP 2820 uH Primary Inductance
VOR 135.00 135 \% Reflected Output Voltage.
Expected 10 0.18 A Expected Average Output Current
(average)
KP_VACMAX 0.76 Expected ripple current ratio at VACMAX
TON_MIN 4.01 us Minimum on time at maximum AC input voltage
PCLAMP 0.29 W Estimated dissipation in primary clamp

ENTER TRANSFORMER CORE/CONSTRUCTION VARIABLES

Core Type

Custom

EDR 3909

Transformer core

E

Power Integrations
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www.powerint.com
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Custom Core EDR 3909 If using a custom core - Enter part number here

AE 1.0400 1.04 cm”2 Core Effective Cross Sectional Area

LE 2.0000 2 cm Core Effective Path Length

AL 5000.0 5000 nH/TA2 Ungapped Core Effective Inductance

BW 3.7 3.7 mm Bobbin Physical Winding Width

M 0 mm Safety Margin Width (Hf_:llf the Primary to
Secondary Creepage Distance)

L 7.00 7 Number of Primary Layers

NS 90 90 Number of Secondary Turns

DC INPUT VOLTAGE PARAMETERS

VMIN 127 \% Peak input voltage at VACMIN

VMAX 375 \% Peak input voltage at VACMAX

CURRENT WAVEFORM SHAPE PARAMETERS

DMAX 0.54 Minimum duty cycle at peak of VACMIN

IAVG 0.29 A Average Primary Current

P 0.97 A _Peak Primary Current (calculated at minimum
input voltage VACMIN)

IRMS 0.42 A il?]ril)Tta\%ltRalg/ls\g::(r:r&rllﬁécalcuIated at minimum

TRANSFORMER PRIMARY DESIGN PARAMETERS

LP 2820 uH Primary Inductance

NP 86 Primary Winding Number of Turns

NB 13 Bias Winding Number of Turns

ALG 377 nH/TA2 Gapped Core Effective Inductance

BM 3032 Gauss Maximum Flux Density at PO, VMIN (BM<3100)

BP 3669 Gauss Peak Flux Density (BP<3700)

BAC 697 Gauss égaiI;g(PD::ks)lty for Core Loss Curves (0.5 X

ur 765 Relative Permeability of Ungapped Core

LG 0.32 mm Gap Length (Lg > 0.1 mm)

BWE 25.9 mm Effective Bobbin Width
Maximum Primary Wire Diameter includin

oD 0.30 mm insulation / ’

INS 0.05 mm tEh?(t:lI?:]aetses(; Total Insulation Thickness (= 2 * film

DIA 0.25 mm Bare conductor diameter

AWG 31 AWG SPtgwgarl)r/dVX\rﬁg\?;%z)(Rounded to next smaller

CM 81 Cmils Bare conductor effective area in circular mils

CMA 191 Cmils/Amp ' INCREASE (200 < CMA < 600) Increase
L(primary layers),decrease NS, larger Core

LP_TOL 10 Tolerance of primary inductance

TRANSFORMER SECONDARY DESI

GN PARAMETERS (SINGLE OUTPUT EQUIVALENT)

Lumped parameters

ISP 0.93 A Peak Secondary Current

ISRMS 0.36 A Secondary RMS Current

IRIPPLE 0.31 A Output Capacitor RMS Ripple Current

CMS 72 Cmils icialgondary Bare Conductor minimum circular
Secondary Wire Gauge (Rounded up to next

AWGS 31 AWG larger standard AWG value)

DIAS 0.23 mm Secondary Minimum Bare Conductor Diameter
Secondary Maximum Outside Diameter for

ODS 0.04 mm Triple Insulated Wire

VOLTAGE STRESS PARAMETERS
Estimated Maximum Drain Voltage assuming

VDRAIN 647 \ maximum LED string voltage (Includes Effect of
Leakage Inductance)

PIVS 559 \ Output Rectifier Maximum Peak Inverse Voltage
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(calculated at VOVP, excludes leakage
inductance spike)

Bias Rectifier Maximum Peak Inverse Voltage
PIVB 82 \% (calculated at VOVP, excludes leakage
inductance spike)

FINE TUNING (Enter measured values from prototype)

V pin Resistor Fine Tuning

RV1 3.91 M-ohms Upper V Pin Resistor Value

RV2 1.40 M-ohms Lower V Pin Resistor Value

VAC1 115.0 \% Test Input Voltage Conditionl

VAC2 230.0 \% Test Input Voltage Condition2

I0_VAC1 0.18 A Measured Output Current at VAC1

10_VAC2 0.18 A Measured Output Current at VAC2

RV1 (new) 3.91 M-ohms New RV1

RV2 (new) 1.40 M-ohms New RV2

vV oV 318.3 v Typical AC input voltage at which OV shutdown

will be triggered

Typical AC input voltage beyond which power

V_UvV 70.8 v supply can startup

FB pin resistor Fine Tuning

RFB1 109 k-ohms Upper FB Pin Resistor Value
RFB2 1E+012 k-ohms Lower FB Pin Resistor Value
VB1 17.9 \ Test Bias Voltage Conditionl
VB2 22.1 \% Test Bias Voltage Condition2
101 0.18 A Measured Output Current at Vb1
102 0.18 A Measured Output Current at Vb2
RFB1 (new) 109.1 k-ohms New RFB1

RFB2(new) 1.00E+12 k-ohms New RFB2

Input Current Harmonic Analysis

Harmonic % of Fund Limit(%)

1st Harmonic

3rd Harmonic 17.14 27.00 PASS. %age of 3rd Harmonic is lower than the

Sth Harmonic 6.3 10.00 :I:Dnm;:%s %age of 5th Harmonic is lower than the
7th Harmonic 3.2 7.00 :Trﬁl?s %age of 7th Harmonic is lower than the
9th Harmonic 1.92 5.00 Ilml?s %age of 9th Harmonic is lower than the
11th Harmonic 1.34 3.00 IIIDn,:\I?S %age of 11th Harmonic is lower than the
13th Harmonic 1.02 3.00 IIID:;I?S %age of 13th Harmonic is lower than the
15th Harmonic 0.82 3.00 :Trﬁl?s %age of 15th Harmonic is lower than the
THD 18.4 % Estimated total Harmonic Distortion (THD)

g Power Integrations
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Figure 8 — U1 Heat Sink Dimensions.

Power Integrations E
Tel: +1 408 414 9200 Fax: +1 408 414 9201
Page 23 of 48 www.powerint.com



DER-356 T10 24 W Buck-Boost LED Driver Using LNK419EG 6-Dec-12

9.2 o/ELHF 0/HEC 5

FOR COMPLETED ASSEMBLY
SEE 61-00111-02 O O

ITEM PART
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Figure 9 — U1 Heat Sink Fabrication Drawing.
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9.3 o/EHZ Z VUL 0SS =85

ITEM PART
N P EAE STICONE S |
1 |66-00035-00 07 TUBE . 1
4 [10-00483-00| LINKSWITCH, LNK419EG,eSIP 1
EDGE-CLIP-12.33mmL x
- ]
7 _|75-00136-00] yNDERCUT 4-40 X 250 {1-4) SST | !
8 [62-00003-00 HEATSHRINK 3/16 IN BLACK 1
9 |75-00153-00 WASHER, LOCK, #4 SS 1
F:\Apps_Files\Public\Design Example 10 |75-00024-00 NUT,HEX 4-40, SS 1
Reports\DER-356 \ Heatsink \ Pdf 11 l61-00111-00 HEATS'““@%@?@Q’ AL 3003, 1
® UNLESS OTHERWISE SPECIFIED: NAM ATE .
EWWER L EMLEN)DN:AREII\INCHES DRAWN BY: JNGE 112);12 Power Integratlons
BREAK SHARP EDGES TOLEQI/L\:J ES: e CKED BY: TITLE:
'I'heprodudiﬁ :ﬁﬂf:.mgs PART TO BE CLEANED 8 FREE OF DIRT, Q.;kylm RIS ::::P:R
hereln(including crculls extemdlothe OIL OR DEBRIS aean i HEATSKINK, ASSY, eSIP,
;;eq'coveredbyomorbmore us. md'::;gn TS QA W/BRKT, DER356, Pl CUSTOM
e e e . e I _
lons’ el m
wpowerrgcom Al 10011102 | 0
2012, Power Ir WERSHT:
hoMch cndConﬂdenIJ APPLICATION DO NOT SCALE DRAWING SCALE: 1:1 I l SHEET 1 OF 1
5 L 4 ! 3 : 2 : 1

Figure 10 — U1 Heat Sink Assembly Drawing.
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10 &= GIolH

The following data was compiled using 3 sets of load (121 V, 134 V, and 142 V LED
strings). All measurements were performed at room temperature.

101 &2
93.0
=121V
025 4| =*=134V
=142 V
92.0 ¢«

©
=
o

90.5 1

Efficiency (%)
©
H
o

90.0 1

89.5 1

89.0 1

88.5 " " " " " " " ” ” ”
70 90 110 130 150 170 190 210 230 250 270 290
Input Voltage (VAC)

Figure 11 — Efficiency vs. Line and Load.
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10.2 &g & Fof d=d/0/4

190

| |
=121V
188 -=134V |
=m=142 \V

186 —1

H
foe]
s

=
(0]
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~
0

Output Current (mA)
H
(o]
o

H
~
o

174

172

170

70 90 110 130 150 170 190 210 230 250 270 290
Input Voltage (VAC)

Figure 12 — Regulation vs. Line and Load.
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| |
=121V
5 =134V
=142V
4
3
2

=

1
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Regulation (%)
o

70 90 110 130 150 170 190 210 230 250 270 290
Input Voltage (VAC)

Figure 13 — Percent Line/Load Regulation.
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| |
=121V
-p=]34 V
=142 \VV

N

130 150 170 190 210 230 250 270
Input Voltage (VAC)

Figure 14 — Power Factor vs. Line and Load.
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10.4 A-THD

28 :
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26 4| =+=134V
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24 ”’;‘
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70 90 110 130 150 170 190 210 230 250 270 290
Input Voltage (VAC)
Figure 15 — A-THD vs. Line and Load.
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10.5 ZZX0f

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.

10.5.1 115V, 60Hz &= 0ll M 2| 134V LED S 6t

35

mClass C Limit
E Harmonic Content

30 1

N
a1

Harmonic Content (%)
= N
(6] o

10 1

3 5 7 9 11 13 15 17 19 21 23 25 27 29 31 33 35 37 39
Harmonic Order
Figure 16 — 134 V LED Load Input Current Harmonics at 115 VAC, 60 Hz.
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10.5.2
10.5.3 230V, 50Hz &= 0ll A 2| 134V LED £ 6t

35

mClass C Limit
@ Harmonic Content

30 1

N
(631

Harmonic Content (%)
= N
(&) o

=
o

3 5 7 9 11131517192;232527293133353739
Harmonic Order

Figure 17 — 134 V LED Load Input Current Harmonics at 230 VAC, 50 Hz.
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10.6 A2 £ LI0/EH
All measurements were taken with the board in open frame configuration, and 25 °C

ambient.

10.6.1 HIAE OI0IH, 121V LED 24t

Input Input Measurement Load Measurement Calculation
Vrus Freq Vin Iin Pin PE %ATHD Vour lout Pour PcaL Efficiency Loss %
(VAC) | (Hz) | (Vrus) | (MArus) | (W) (Vo) (MmAoc) (W) (W) (%) W) | Reg
90 60 89.91 264.01 | 23.584 | 0.994 10.94 121.0700 | 174.130 | 21.123 | 21.08 89.56 246 | 417
100 60 99.95 241.02 | 23.907 | 0.992 11.8 121.1200 | 177.730 | 21.570 | 21.53 90.22 234 | 2.18
115 60 114.97 | 213.43 24.308 | 0.991 13.02 121.2000 | 182.040 | 22.106 | 22.06 90.94 2.20 0.19
135 60 134.96 184.78 24.642 | 0.988 14.46 121.2600 | 185.720 | 22.564 | 22.52 91.57 2.08 2.21
195 50 195.00 128.85 24.601 | 0.979 18.46 121.2500 | 186.790 | 22.704 | 22.65 92.29 1.90 2.80
210 50 | 209.94 | 119.04 | 24.377 | 0.975 19.7 121.1900 | 185.270 | 22.507 | 22.45 92.33 1.87 | 1.96
220 50 | 219.98 | 113.11 | 24.200 | 0.973 20.61 121.1500 | 184.020 | 22.345 | 22.29 92.33 186 | 1.28
230 50 | 230.02 | 107.62 | 23.999 | 0.969 21.53 121.0900 | 182.570 | 22.157 | 22.11 92.32 184 | 0.48
265 50 265.04 91.53 23.215 | 0.957 24.1 120.9500 | 176.520 | 21.393 | 21.35 92.15 1.82 | -2.85
10.6.2 HHAE OIOIE, 134V LED ot
Input Input Measurement Load Measurement Calculation
Vrus | Freq Vin In Pin PE %ATHD Vour lour Pour Pca. | Efficiency | Loss %
(VAC) | (Hz) | (Vrws) | (MAgws) | (W) (Voc) (MmApc) (W) (W) (%) W) | Reg
90 60 89.90 294.78 | 26.358 | 0.995 10.05 134.4100 | 175.130 | 23.580 | 23.54 89.46 2.78 | -3.62
100 60 99.94 268.15 | 26.626 | 0.994 10.97 134.4200 | 178.280 | 24.006 | 23.96 90.16 2.62 | -1.88
115 60 114.96 | 236.46 | 26.964 | 0.992 12.12 134.4500 | 182.020 | 24.515 | 24.47 90.92 2.45 0.18
135 60 134.96 | 204.35 | 27.292 | 0.990 13.55 134.4800 | 185.540 | 24.994 | 24.95 91.58 230 | 2.11
195 50 194.99 | 14253 | 27.282 | 0.982 17.33 134.4400 | 187.000 | 25.194 | 25.14 92.35 2.09 | 2.92
210 50 | 209.93 | 131.71 | 27.051 | 0.978 18.65 134.3500 | 185.650 | 24.995 | 24.94 92.40 2.06 | 2.17
220 50 219.98 125.06 | 26.839 | 0.976 19.59 134.2700 | 184.340 | 24.802 | 24.75 92.41 2.04 1.45
230 50 230.02 118.96 | 26.616 | 0.973 20.48 134.1900 | 182.930 | 24.597 | 24.55 92.41 2.02 0.68
265 50 265.04 101.26 | 25.797 | 0.961 23.42 134.0200 | 177.280 | 23.801 | 23.76 92.26 2.00 | -2.43
10.6.3 HIAE OI0IH, 142V LED 2ot
Input Input Measurement Load Measurement Calculation
VRrus Freq Vin Iin Pin PE %ATHD Vout lout Pour PcaL Efficiency Loss %
(VAC) [ (Hz) | (Vrus) | (mArus) w) (Vc) (MAoc) (W) (W) (%) (W) | Reg
90 60 89.90 312,51 | 27.951 | 0.995 9.67 142.1300 | 175.280 | 24.952 | 24.91 89.27 3.00 | -3.53
100 60 99.94 283.66 28.177 | 0.994 10.5 142.1700 | 178.120 | 25.363 | 25.32 90.01 2.81 | -1.97
115 60 114.97 | 249.48 | 28.462 | 0.992 11.75 142.1400 | 181.560 | 25.848 | 25.81 90.82 2.61 | -0.08
135 60 134.96 | 215.32 | 28.774 | 0.990 13.2 142.2700 | 184.810 | 26.331 | 26.29 91.51 244 | 171
195 50 195.00 | 149.83 | 28.713 | 0.983 16.85 142.2000 | 186.120 | 26.517 | 26.47 92.35 220 | 243
210 50 209.94 | 138.39 28.459 | 0.980 18.18 142.0600 | 184.800 | 26.302 | 26.25 92.42 2.16 1.71
220 50 219.98 131.44 | 28.249 | 0.977 19.21 141.9900 | 183.570 | 26.113 | 26.07 92.44 2.14 1.03
230 50 230.02 125.08 28.028 | 0.974 20.12 141.9200 | 182.240 | 25.910 | 25.86 92.44 2.12 0.30
265 50 | 265.04 | 106.55 | 27.194 | 0.963 23.17 141.7500 | 176.870 | 25.110 | 25.07 92.34 2.08 | -2.66
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10.6.4 115VAC, 60Hz & &

Ol A2l 134V LED S ot 1021} G0l E

V | Freq I (MA) P PF %THD
115 | 60.00 236.46 26.9640 0.9919 12.12
0,
Or:g:er Cornént Corﬁent Class C Limit | Remarks
1 234.47
2 0.18 0.08% 2.00%
3 26.43 11.27% 29.76% PASS
5 7.53 3.21% 10.00% PASS
7 2.61 1.11% 7.00% PASS
9 1.38 0.59% 5.00% PASS
11 1.52 0.65% 3.00% PASS
13 0.73 0.31% 3.00% PASS
15 1.30 0.55% 3.00% PASS
17 0.87 0.37% 3.00% PASS
19 0.49 0.21% 3.00% PASS
21 0.92 0.39% 3.00% PASS
23 0.66 0.28% 3.00% PASS
25 0.54 0.23% 3.00% PASS
27 0.80 0.34% 3.00% PASS
29 0.60 0.26% 3.00% PASS
31 0.69 0.29% 3.00% PASS
33 0.56 0.24% 3.00% PASS
35 0.46 0.20% 3.00% PASS
37 1.02 0.44% 3.00% PASS
39 1.14 0.49% 3.00% PASS

E
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10.6.5 230VAC, 50Hz 2/ & 0l A 2| 134V LED ot 1 &1} Gl Ol

vV | Freqg | 1(mA) P PF %THD
230 | 50.00 | 118.96 | 26.6160 | 0.9727 | 20.48

nth mA % Limit
Order | Content | Content | >25W Rizneiie
1 116.30

2 0.12 0.10% 2.00%

3 20.81 17.89% | 29.18% PASS
5 8.56 7.36% 10.00% PASS
7

9

4.10 3.53% 7.00% PASS
3.66 3.15% 5.00% PASS

11 2.42 2.08% 3.00% PASS
13 2.81 2.42% 3.00% PASS
15 1.83 1.57% 3.00% PASS
17 1.75 1.50% 3.00% PASS
19 1.12 0.96% 3.00% PASS
21 1.30 1.12% 3.00% PASS
23 0.64 0.55% 3.00% PASS
25 0.87 0.75% 3.00% PASS
27 0.44 0.38% 3.00% PASS
29 0.56 0.48% 3.00% PASS
31 0.32 0.28% 3.00% PASS
33 0.39 0.34% 3.00% PASS
35 0.26 0.22% 3.00% PASS
37 0.31 0.27% 3.00% PASS
39 0.24 0.21% 3.00% PASS
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10.6.6

11 It

111 &8 &F

base Trigger Display Cursors Measure Math

lysis  Utiies Help

e Vertical Timeba alysie  Utlities Help

2 P N NG N

Measure F1rms(C3) F2rms(C3) P3:max(Ca) Pd:mean(C1) PS:maxC3) FEmax(C3)
walue EIE:AY 288.2 mA

status. v v

LeCroy 114662012 8:20:25 PM

Figure 18 — 90 VAC 60 Hz, Full Load.
Upper: iy, 200 mA / div.
Lower: Vy, 200 V, 10 ms / div.

fysis  Utilies  Help

e Verical Timebase Trigger Display Cursors Measure  Math

P 2N N

Measure P1:ms(CT) P2ms(Cy P3max(c4) Famean(CT) P&Max(C3) PBMax(C3)
value 1158V 2382mA
status v v

Figure 19 — 115 VAC 60 Hz, Full Load.
Upper: iy, 200 mA / div.
Lower: V)y, 200 V, 10 ms / div.

alysis Utiities Help

e Vertical Timebase Trigger Disklay sors

ot votaze N\ N
@

/ / /
hd b S hd hd

Measure P1maica) PZrms(C3)
value 2301V 1212ma
status v v

PImax(C4) Pa:mean(C1)

P5:max(C3)

PBmax(C3)

LeCroy 1146i2012 8:23:29 PM

FEure 20 — 230 VAC 50 Hz, Full Load.
Upper: iy, 200 mA / div.
Lower: Vy, 200 V, 10 ms / div.

. inpir vaage \
/
i R i KRS DT R B EEEER RN

Measure F1msiCa) FZIms(C3) PImax(C4) Pé:mean(C1) Fa&max(C3) FB:Max(C3)
value 246V 1037 mA

status v v

LeCroy 111612012 8:2347 Pht

Figure 21 — 265 VAC 50 Hz, Full Load.
Upper: iy, 200 mA / div.
Lower: V)y, 200 V, 10 ms / div.
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11.2

oo TTIo

g < U

ZA ZE A EFY01 FgH 2 HNE

re  Math Help

3
Measure P1:max(C3) P2mean(C3 Pamax(C4) Pd:meaniC4 P5max(C3) PEmax(C3)
value 14404 283V
status v

Figure 22 — 90 VAC 60 Hz, Full Load.
Upper: Ipran, 200 mA / div.
Lower: Vprain, 100V, 2 ms / div.

File Vertical Timebase Trigger ursors Measure  Math s Utiites Help
-
drain current
— irain

| \ \ |
o | | |
Measure P1:max(C3) P2mean(CH P3max(C4) Pd:mean(Cay P& max(C3) PB:max(G3)
value 12024 273V
status v v
LeCroy [ ror Trigger

Figure 23 — 90 VAC 60 Hz, Full Load.
Upper: Ipran, 200 mA / div.
Lower: Vpran, 100V, 5 [is / div.

File  Vettical Timebase Trigger Display jeasure  Math 5 Help

drsincurrent

ool

i
PImax(C4)

Measure P1:max(C3) P2mean(C3) Pamean(C4 P5max(C3) PB:Max(C3)
value 872mA 530V
status v

11712012 6:25:18 PM

Figure 24 — 265 VAC 50 Hz, Full Load.
Upper: Ipran, 200 mA / div.
Lower: Vprain, 100V, 2 ms / div.

le Vertical Timebase Trigger Display ursors  Measure Math Analysis Utilities Help
4
o | I
e vataae
Ll ,_] | SO
|t |
Measure F1:max(C3) F2mean(C3) FEmax(C4) Fé:mean(Cay F&max(C3) FBmax(C3)
walue B7T2mA 528V
status v v

imebase 0.0 i3 [Triguer Eaem|

LeCre

Figure 25 — 265 VAC 50 Hz, Full Load.
Upper: Ipran, 200 mA / div.
Lower: Vpran, 100V, 5 [Is / div.
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11.3 AEIES FE A/ E4)2/ Fet L HEF

i d
drin Eurren it ‘ l
oudiiiiiib L L
it
Mfmm Z m?xﬁf,zﬁ P2mean(ca P ma;é% PemeaniCh Pamar(3) PEmar(G3) Measure ) max(C3) P2mean(CH P3:max(C4) Pé:mean(Cé) P5:max(C3) PB:max(G3)
status v v
y 11712012 6:56:51 P e
Figure 26 — 90 VAC 60 Hz, Full Load Start-up. Figure 27 — 265 VAC 50 Hz, Full Load Start-up.
Upper: Ibrain: 500 MA [ div. Upper: Ibrain: 500 MA / div.
Lower: Vprain: 100V, 50 ms / div. Lower: Vprain, 100V, 50 ms [ div.
g Power Integrations
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@ Verical Timebase Trigger Display Cursors Measure Math Analysis Utiities  Help

File  Vertical Timebase Trigyer ursors  Measure  Math

autput voltage

o)
Measure P1pkpkiC3) P2mean(C3 Pamax(C4) P4:meaniC4 P5max(C3) PEmax(C3)
value 131 mA 176.5 mA 1361V 13408V
status v v v v

LeCroy

Figure 28 — 90 VAC 60 Hz, Full Load.
Upper: loyt, 50 mA / div.
Lower: Vour, 20 V, 10 ms / div.

autput vatage

4
Measure P1pkpkiC3) PZmean(S3) Pxmax(C4) Pé:mean(C4) P&max(C3) P6max(C3)
value 138 mA 1848 mA 1362V 13421
status v v v v

LeCroy 11762012 930:17 P

Figure 29 — 115 VAC 60 Hz, Full Load.
Upper: loyt, 50 mA / div.
Lower: Vout, 20 V, 10 ms / div.

File  Vettical Timebas i Utlities Help

File  Vertical Timehase Trigger Disnlay

output votiage

o)

Measure P1:pkpk(C3) P2mean(C3) PImax(C4) Pamean(C4 P5max(C3) PB:Max(C3)
value 142mA 1856 mA 1362V 13447V
status v v v v

10,

ebase

11612012 9:30:38 PN

Figure 30 — 230 VAC 50 Hz, Full Load.
Upper: loyt, 50 mA / div.
Lower: Vour, 20 V, 10 ms / div.

output vobage

o4
Measure F1:pkpk(C3) P2mean(C3) P3max(C4) P4:mean(Cay PAMax(C3) PBMaxX(C3)
value 131 ma 179.2ma 1369V 13398V
status v v v v

fgger (AN

1.0 m,

LeCr

Figure 31 — 265 VAC 50 Hz, Full Load.
Upper: loyt, 50 mA / div.
Lower: Vour, 20V, 10 ms / div.
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utput voltage oo output votage
‘/ 4|
’ ’ v v [Timehase  0md [Trigger  Be)oM| m
. LeCroy = ‘M/E/ZEI‘\ZBHZEPM
Figure 32 — 115 VAC 60 Hz, Output Rise. Figure 33 — 115 VAC 60 Hz, Output Fall.
Upper: loyt, 50 mA / div. Upper: loyt, 50 mA / div.
Lower: Vour, 20 V, 50 ms / div. Lower: Vour, 20 V, 50 ms / div.
AR ARRRNRARARAA MAREARARRRANARRANAR TR ET
A
i R ) \o
. LeCroy : 11/B/2012 9:45:00 PM
Figure 34 — 230 VAC 50 Hz, Output Rise. Figure 35— 230 VAC 50 Hz, Output Fall.
Upper: loyt, 50 mA / div. Upper: loyt, 50 mA / div.
Lower: Vour, 20 V, 50 ms / div. Lower: Vour, 20 V, 50 ms / div.
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es Help

File  Vertical Timebase Trigyer

arain currert

—

‘drsin cuprert |

s e i) ey, WA S

]
c4)
Measure P1:max(C3) P2mean(C3 Pamax(C4) Pd:meaniC4 P5max(C3) PEmax(C3)
value
status v v

Figure 36 — 265 VAC 50 Hz, Output Short.
Upper: loramn: 0.5 A [ div.
Lower: Vpran, 100V, 1's [ div.

11.7 @ZE £5/

File  Vertical e Trigger Help

Y

Y b
¥

. M Ml i

Y
Measure P1:max(C3) PZmean(G3) Pxmax(C4) Pémean(C4) P&max(C3) P6max(C3)
value 3A7A 395V
status v v

LeCroy 11/7i2012 7:01:29 Pt

Fﬁure 37 — 265 VAC 50 Hz, Output Short.
Upper: Ioramn: 0.5 A [ div.
Lower: Vprain, 100V, 10 ms [ div.

File  Vertical Timehase

irsin vty

autput vatage
o

Measure P1:max(C2) P2mean(C3) PImax(C4) Pamean(C4 P5max(C3) PB:Max(C3)
value 174

status v

imebase -604 ms

LeCro
Figure 38 — 265 VAC 50 Hz, Open Load.
Upper: Vpran, 100 V / div.
Lower: Vour, 50 V, 200 ms / div.

S
s 3

¢ /

Measure P1:max(C2) P2mean(C3) P3max(C4) P4:mean(Cay PAMax(C3) PBMaxX(C3)
value 173V
status v

11/7/2012 8:50:36 PM

Fﬁure 39 — 265 VAC 50 Hz, Open Load Start-up
Upper: Vpran, 100 V / div.
Lower: Vout, 50 V, 200 ms / div.

LeCroy
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12 MY =&
Thermal measurements were done with the EUT operated at room temperature, 134 V
LED Load

Figure 40 — Input Area, 110 VAC, 60 Hz Figure 41 — LNK419EG Area, 110 VAC, 60 Hz

40.7 °C
£=0.97

Figure 42 — Output Area, 110 VAC, 60 Hz
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13 8&d EMI £F

The unit was tested using ~ 134 V LED strings as load with an input voltage of
230 VAC, 6/0 Hz at room temperature.

Power Integrations RBW 9 kHz
31.0ct 12 19:30 MT 500 ms
Att 10 dB AUTO

daBpv.

ENS550150Q LIMIT CGHECK BASS

9 kHz 30 MH=z

Tracel: EN55015Q

Trace?2: EN55015A

Trace3: -

TRACE FREQUENCY LEVEL dBuVv DELTA LIMIT dB
2 Average 34.01 L1 gnd
2 Average 67.1676282959 kHz 31.88 N gnd
2 Average 68.5176976246 kHz 39.49 L1 gnd
2 Average 129.530094744 kHz 34.19 N gnd
2 Average 136.137431366 kHz 37.75 L1 gnd
2 Average 138.873793737 kHz 34.40 L1 gnd
1 Quasi Peak 200.175581485 kHz 55.37 L1 gnd -8.23
2 Average 200.175581485 kHz 42 .37 L1 gnd -11.22
1 Quasi Peak 267.135089486 kHz 43.02 L1 gnd -18.18
2 Average 267.135089486 kHz 31.62 L1 gnd -19.58
1 Quasi Peak 335.832355405 kHz 45.66 L1 gnd —-13.64
2 Average 335.832355405 kHz 34.29 L1 gnd -15.01
1 Quasi Peak 401.705024172 kHz 39.28 L1 gnd —-18.52
1 Quasi Peak 466.367062279 kHz 42 .56 N gnd -14.01
1 Quasi Peak 604.06488251 kH=z 40.46 N gnd -15.53
2 Average 24.9618853035 MHz 40.45 L1 gnd -9.54
1 Quasi Peak 25.2115041566 MHz 47 .61 L1 gnd -12.38

Figure 43 — Conducted EMI, 134 V LED Load, 115 VAC, 60 Hz, EN55015B Limits.
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®

aBpv

2 av
CLRWR

31.0ct 12 20:00

EN550150Q

kHz

Tracel:

Trace2:

Trace3:

N R R NRE FEDNENRENENNDDNNNDN

Figure 44 — Conducted EMI, 134 V LED Load, 230 VAC, 60 Hz, EN55015B Limits.

TRACE
Average
Average
Average
Average
Average
Quasi Peak
Average
Quasi Peak
Average
Quasi Peak
Average
Quasi Peak
Quasi Peak
Average
Quasi Peak
Quasi Peak

Average

Power Integrations

Att 10 dB AUTO

LIMIT GHECK

EN550150Q

EN55015A

126.

136.
141.
167.
190.
200.
267.
267.
335.
335.
401 .
536.

536.

FREQUENCY

977840157
137431366
665156991

350252 kHz

RBW 9 kHz
MT 500 ms
BASS

kHz
kHz

kHz

46019728 kHz

175581485
135089486
135089486
832355405
832355405
705024172
076911993
076911993

2.18042326152

25.4636191981

25.4636191981

kHz
kHz
kHz
kHz
kHz
kHz
kHz
kHz
MHz
MHz

MHz

LEVEL dBuv

34
38
45
35
31
49
38
46
35
45
33
39
43
32
36
43
37

65
88
83
36
78
13
67
62
71
10
96
85
86
50
71
61
36

L1
L1l
L1

N

N
L1
L1
L1
L1
L1

L1

L1
L1
L1
L1l

L1

gnd
gnd
gnd
gnd
gnd
gnd
gnd
gnd
gnd
gnd
gnd
gnd
gnd
gnd
gnd
gnd

gnd

DELTA LIMIT dB

—-23.
—-14.
—-14.
—14.
—-15.
—-14.
—-15.
-17.
-12.
-13.
—-19.
—-16.

-12.

30 MHz

30
88
92
58
49
19
33
96
13
49
28
38
63

sSGL

TDE

6DE
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14 el Al EIAE

The unit was subjected to +2500 V, 100 kHz ring wave and +500 V differential surge at
230 VAC using 10 strikes at each condition. A test failure was defined as a non-
recoverable interruption of output requiring supply repair or recycling of input voltage.

L

I
Pomax(C3) P2max(C3)
698V

e
status v

P max(F1) Pa:-e [

Figure 45 — (+) 500 V Differential Surge, 90°
Vprain: 100V, 20 (s / div.

Level Inlput Injection |nj(|?]CtI0n Test Result
V) VELEYS Location FIESS e (Pass/Fail)
(VAC) @)
100 kHz Ring
+2500 230 L1, L2 0 Wave (500 A) Pass
100 kHz Ring
-2500 230 L1, L2 90 Wave (500 A) Pass
100 kHz Ring
+2500 230 L1, L2 0 Wave (500 A) Pass
100 kHz Ring
-2500 230 L1, L2 90 Wave (500 A) Pass
Input Lo Injection
Level Voltage Inject!on Phase Type Test ReSl_JIt
V) (VAC) Location ©) (Pass/Fail)
+500 230 L1, L2 0 Surge (2U) Pass
-500 230 L1, L2 90 Surge (2U) Pass
+500 230 L1, L2 0 Surge (2U) Pass
-500 230 L1, L2 90 Surge (2U) Pass
LeCroy LeCroy)|
a”

R el

1 M i

P1imax(C3) PEMaX(C3) PamasF1) Pa-- P5--- PBi--
value 549V
v

Fiur 46 — (+) 500 V Differential Surg, 0°
VpRrain: 100V, 20 (s / div.
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LeCroy

" Wi,

=1
i I 4
Meas Pomax(C3) P2max(C3) PImax(F1) P4 5. PE-
value 697V
status v

Figure 47 — (-) 500 V Differential Surge, 90°
Vorain, 100V, 20 Us [ div.

LeCroy
7 -
o y
il i
Meas P1:max(C3) P2max(C2) P3max(F1)
value 581 W
status v

Figure 49 — (+) 2.5 kV Ring Wave, 90°
Vprain, 100V, 50 (s / div.

LeCroy,
o -
Wmﬂ i
= [\
Measur P1:max(C3) P2max(C2) PImaxFi) P4 P5- Pé-
value 585V
status v

Figure 51 — (-) 2.5 kV Ring Wave, 90°
Vorain, 100V, 50 Us / div.

5
o
g

|

Measure Flimax(C3) P2max(C3) Pamax(F1) Fé- P5--- B
value 566V
status v

ag

Figure 48 — (-) 500 V Differential Surg°
Voran, 100V, 20 Us [ div.

LeCroy
= A
Measure P1mMadC3) PLMax(C32) P3masF1) P P~ P
value 514V
stalus

Figure 50 — (+) 2.5 kV Ring Wave, 0°
Voran, 100V, 50 ['s / div.

P2max(C2) P3:max(F1) P&---

5144
4

Y
P1:max(C3)

Measure
value
status

[Timebase_-151 ug [Trigg

Figure 52 — (-) 2.5 kV Ring Wave, 0°
Vorain, 100V, 50 Us [ div.
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15 HE LS
Date Author | Revision | Description and Changes Reviewed
6-Dec-12 DS 1.0 Initial Release Apps and Mktg
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