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6 M=

Item Qty Ref Des Description Mfg P/N Manufacturer
1 1 C1l 100 nF, 275VAC, Film, X2 LE104-M OKAYA
2 2 C2 C17 27 yF, 200 V, Electrolytic, (10 x 16), EKXJ201ELL270MJ16S Nippon Chemi-Con
3 1 C3 2.2 nF, 1kV, Disc Ceramic NCD222K1KVY5FF NIC
4 1 ca (1;3?( Lfis?o V, Electrolytic, Gen. Purpose, KME50VB101M6X11LL | Nippon Chemi-Con
5 1 C5 680 pF, 200 V, Ceramic, X7R C315C681K2R5TA Kemet
6 1 C6 ggx“gé)?’s V. Electrolytic, Low ESR, 52 mQ, ELXZ350ELL471MJ20S | Nippon Chemi-Con
7 1 Cc8 330 nF, 450 V, METALPOLYPRO ECW-F2W334JAQ Panasonic
8 1 co (1;))(;15,1)16 V, Electrolytic, Gen. Purpose, EKMGl6OEEI)_LlOOMEll United Chemi-Con
9 1 c11 215.7)(;11!:1,)50 V, Electrolytic, Gen. Purpose, EKMG5OOEEI)_L4R7ME11 Nippon Chemi-Con
10 1 C13 2.2 nF, Ceramic, Y1 440LD22-R Vishay
11 1 Cl4 1 nF, 100 V, Ceramic, X7R FK18X7R2A102K TDK
12 1 C18 100 nF, 400 V, Film ECQ-E4104KF Panasonic
13 1 D1 600V, 1 A, Fast Recovery Diode, 200 ns, DO-41 1N4937RLG On Semi
14 1 D3 250 V, 250 mA, Fast Switching, DO-35 BAV21 Vishay
15 1 D4 150 V, 3 A, Schottky, DO-201AD STPS3150RL ST

D5 D6 D7
16 7 D8 D9 1000 V, 1 A, Rectifier, DO-41 1N4007-E3/54 Vishay
D10 D11
0, 0, 1l
17 1 F1 2z sgi)tié,oé)déewv(/i%r?sg rﬁj’i(r']"’; Flame Proof, EMC2-22RKI TT Electronics
18 1 L1 18.7 mH, 0.22 A, Common Mode Choke RL-4400-1-18.7 Renco
19 1 L2 4.7 mH, 0.150 A, 20% RL-5480-3-4700 Renco
20 1 R1 22 Q, 5%, 1/2 W, Carbon Film CFR-50JB-22R Yageo
21 1 R2 8.2 Q, 5%, 1/4 W, Carbon Film CFR-25JB-8R2 Yageo
22 1 R3 1kQ, 1%, 1/4 W, Metal Film MFR-25FBF-1K00 Yageo
23 1 R4 30 kQ, 5%, 1/8 W, Carbon Film CF18JT30KO0 Stackpole
24 1 R6 86.6 kQ, 1%, 1/4 W, Metal Film MFR-25FBF-86K6 Yageo
25 1 R7 10 kQ, 1%, 1/4 W, Metal Film MFR-25FBF-10K0 Yageo
26 1 R8 1 kQ, 5%, 1/8 W, Carbon Film CF18JT1KO00 Stackpole
27 1 R9 220 Q, 5%, 1/8 W, Carbon Film CF18JT220R Stackpole
28 2 R12 R13 4.7 MQ, 5%, 1/4 W, Carbon Film CFR-25JB-4M7 Yageo
29 1 R15 1.5 MQ, 5%, 1/8 W, Carbon Film CF18JT1M50 Stackpole
30 1 R17 10 kQ, 5%, 1/4 W, Carbon Film CFR-25JB-10K Yageo
Bobbin, EE19, Vertical, 10 pins, 6pri, 4sec TF-1939 Taiwan Shulin
31 1 T1 Transformer SNX-R1741-X1 Santronics
Transformer PNU-28624 Premier Magnetics

32 1 Ul TinySwitch-4, DIP-8C TNY286PG Power Integrations
33 1 u2 2.495 V Shunt Regulator IC, 2%, 0 to 70C, TO-92 TL431CLPG On Semi
34 1 U3 Optocoupler, 35V, CTR 80-160%, 4-DIP LTV817A Liteon
35 2 V+ V- PCB Terminal Hole, #22 AWG N/A N/A
36 1 VR1 100 kQ, 5%, 1/2 W, Carbon Film CFR-50JB-100K Yageo
37 1 VR2 27 V, 5%, 500 mW, DO-35 1IN5254B Microsemi

Mechanical BOM
1 1 JP1 Wire Jumper, Insulated, #24 AWG, 0.6 in C2003A-12-02 Gen Cable
2 1 N Test Point, WHT, THRU-HOLE MOUNT 5012 Keystone
3 1 L Test Point, BLU, THRU-HOLE MOUNT 5127 Keystone
4 1 R16 Wire Jumper, Insulated, TFE, #22 AWG, 0.2 in C2004-12-02 Alpha
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WIRE #24
5 1 AWG INS | Wire, UL1007, #24 AWG, Red, PVC, 4" 1007-24/7-2 Anixter

v+
WIRE #24
6 1 AWG INS | Wire, UL1007, #24 AWG, BIk, PVC, 4" 1007-24/7-0 Anixter
V)
7 1 PCB PCB, 0.062 X 1.25 X 4 in; 2 0z Cu - -
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1 X #28 AWG ° 5
4
Figure 7 — Transformer Electrical Diagram.
12 EmfHE
Electrical Strength 1 second, 60 Hz, from pins 1-3 to pins 8-9. 3000 VAC

Primary Inductance

Pins 1-3, all other windings open, measured at
100 kHz, 0.4 Vrys.

1200 pH +10%

Resonant Frequency

Pins 1-3 all other windings open.

700 kHz (Min.)

Primary Leakage Inductance

Pins 1-3, with pins 5-9 shorted, measured at
100 kHZ, 0.4 VRus.

25 pH (Max.)

7.3 H¥#

Item

Description

[1]

Core: EE19, P4 (Acme) or Equivalent, gapped for A g of 136 nH/T2.

[2]

Bobbin: EE19 (6-4 pins) Vertical, High Creepage.

3]

Tape Polyester film [2 mil (25 ym) base thickness], 9.00 mm wide.

[4]

Varnish; BC346 or BC359 (Dolphs).

[5]

Magnet Wire: AWG #29.

[6]

Triple Insulated Wire: AWG #25.

[7]

Magnet Wire: AWG #28.

(8]

Tape Polyester film [2 mil (25 um) base thickness], 5.00 mm wide.

Power Integrations, Inc.
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Figure 8 — Transformer Build Diagram.
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75 FIURBLEL

Bobbin Preparation

For the purpose of these instructions, bobbin is oriented on winder such that pin 1
side is on the left. Winding direction is counter-clockwise. Follow the pin number
assignment in the specification.

Start on pin(s) 3 and wind 47 turns (x 1 filar) of item [5]. in 2 layer(s) from left to
right. At the end of 1st layer, continue to wind the next layer from right to left. On

WDG1; Pri-1 the final layer, spread the winding evenly across entire bobbin. Finish this winding
on pin(s) 2. Wind 12 bifilar turns of #27 AWG. Finish on pin 10.
Insulation Add 1 layer of tape, item [3], for insulation.
Start on pin(s) 6 and wind 19 turns (x 1 filar) of item [7]. Wind in same rotational
WDG2; Bias direction as primary winding. Spread the winding evenly across entire bobbin.
Finish this winding on pin(s) 5.
Insulation Add 3 layers of tape, item [3], for insulation.
WDG3: Sec Start on pin(s) 8 and reverse wind 23 turns (x 1 filar) of item [6]. Spread the

Reverse Winding

winding evenly across entire bobbin. Wind in opposite rotational direction as
primary winding. Finish this winding on pin(s) 9.

Insulation

Add 3 layers of tape, item [3], for insulation.

WDG4; Pri-Shield

Start at pin 4 on the secondary side and wind 19 turns (x 1 filar) of item [7]. Wind in
same rotational direction as primary winding. Spread the winding evenly across
entire bobbin. Finish this winding on pin(s) 1. Cut out wire connected to temp pin
on secondary side. Leave this end of primary shield winding not connected. Bend
the end 90 degree and cut the wire in the middle of the bobbin.

Insulation Add 1 layer of tape, item [3], for insulation.
Start on pin(s) 2 and wind 46 turns (x 1 filar) of item [5] in 2 layer(s) from left to
WDG5: Pri-2 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.

Core Preparation

Grind E core to get the desired inductance. Wrap bottom of one E core with 2
layers of tape to secure the core

Varnish

Dip the transformer to the varnish [4] then dry.

Power Integrations, Inc.
“* Tel: +1 408 414 9200 Fax: +1 408 414 9201
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ACDC_TinySwitch -
4 121812; Rev.1.1;

ACDC_TinySwitch-4_121812 Rev1-1.xls;

Copyright Power INPUT INFO OUTPUT UNIT TinySwitch-4 Continuous/_Discontinuous
Integrations 2012 Flyback Transformer Design Spreadsheet
ENTER APPLICATION VARIABLES
VACMIN 150 150 Volts Minimum AC Input Voltage
VACMAX 265 265 Volts Maximum AC Input Voltage
fL 50 Hertz AC Mains Frequency
VO 24.00 24.00 Volts Output Voltage (at continuous power)
10 0.50 0.50 Amps Eg?\;\ll(egfxeprp)ly Output Current (corresponding to
Power 12 Watts Continuous Output Power
Efficiency Estimate at output terminals. Under 0.7 if
n Ut 0.85 no bettery data available P
Z Factor. Ratio of secondary side losses to the total
z 0.50 losses in the power supply. Use 0.5 if no better
data available
tC 3.00 mSeconds | Bridge Rectifier Conduction Time Estimate
CIN 30.00 30 uFarads Input Capacitance
ENTER TinySwitch-4 VARIABLES
TinySwitch-4 TNY286P TNY286P User-defined TinySwitch-4
Increased Enter "REE.)." for‘l"educed current limit (_ses_aled o
Chose Configuration INC Current ada_pters), STD" for s_tar_]dard curren_t limit or "INC
Limit for |ncrgased current limit (peak or higher power
applications)
ILIMITMIN 0.419 Amps Minimum Current Limit
ILIMITTYP 0.450 Amps Typical Current Limit
ILIMITMAX 0.499 Amps Maximum Current Limit
fSmin 124000 Hertz Minimum Device Switching Frequency
2057 | wa | Lo o e ared an ety
VOR 100.00 100 Volts Eggiﬁﬁegé’;z;” Voltage (VOR <135V
VDS 10 Volts TinySwitch-4 on-state Drain to Source Voltage
VD 0.7 Volts Output Winding Diode Forward Voltage Drop
KP 0.97 Ripple to Peak Current Ratio (KP < 6)
KP_TRANSIENT 0.73 'I};?fﬂ?em\gﬁzp'lﬁrtg gzask Current Ratio. Ensure
ENTER BIAS WINDING VARIABLES
VB 20.00 20.00 Volts Bias Winding Voltage
VDB 0.70 Volts Bias Winding Diode Forward Voltage Drop
NB 18.62 Bias Winding Number of Turns
VZOV 26.00 Volts Over Voltage Protection zener diode voltage.
UVLO VARIABLES
Target DC under-voltage threshold, above which
V_UV_TARGET 215.59 Volts the % ower supply with gt -
V_UV_ACTUAL 207.20 Volts I;’FJE%' fDRCUS\‘}E_"Xg%]’X:_tage based on standard
RUV_IDEAL 8.54 Mohms Calculated value for UV Lockout resistor
RUV_ACTUAL 8.20 Mohms Closest standard value of resistor to RUV_IDEAL
ENTER TRANSFORMER CORE/CONSTRUCTION VARIABLES
Core Type EE19 EE19 Enter Transformer Core
Core EE19 P/N: PC40EE19-Z
Custom core P/IN: EE19 BOBBIN
AE 0.23 cm”2 Core Effective Cross Sectional Area
LE 3.94 cm Core Effective Path Length
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AL 1250 nH/TA2 Ungapped Core Effective Inductance

BW 9 mm Bobbin Physical Winding Width

M 0 mm Safety Margin Width (Hglf the Primary to
Secondary Creepage Distance)

L 3 Number of Primary Layers

NS 23 23 Number of Secondary Turns

DC INPUT VOLTAGE PARAMETERS

VMIN 196 Volts Minimum DC Input Voltage

VMAX 375 Volts Maximum DC Input Voltage

CURRENT WAVEFORM SHAPE PARAMETERS

DMAX 034 inductance and mirimum input vbliage”

IAVG 0.08 Amps Average Primary Current

P 0.42 Amps Minimum Peak Primary Current

IR 0.42 Amps Primary Ripple Current

IRMS 0.17 Amps Primary RMS Current

TRANSFORMER PRIMARY DESIGN PARAMETERS

e 1o | unenres | B e o ot ety

LP_TOLERANCE 10 % Primary inductance tolerance

NP 93 Primary Winding Number of Turns

ALG 136 nH/T"2 Gapped Core Effective Inductance

BM 2758 Gauss Maximum Operating Flux Density, BM<3100 is
recommended

BAC 1379 Gauss gcpgl:;) Density for Core Loss Curves (0.5 X Peak

ur 1704 Relative Permeability of Ungapped Core

LG 0.19 mm Gap Length (Lg > 0.1 mm)

BWE 27 mm Effective Bobbin Width

oD 0.29 mm _Maxim_um Primary Wire Diameter including
insulation

- - - —

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

DIA 0.24 mm Bare conductor diameter

AWG 31 AWG ;grg;rdvx\zsgsgﬂi)mounded to next smaller

CM 81 Cmils Bare conductor effective area in circular mils

CMA 477 Cmils/Amp E(;ig)]ary Winding Current Capacity (200 < CMA <

TRANSFORMER SECONDARY DESIGN PARAMETERS

Lumped parameters

ISP 1.70 Amps Peak Secondary Current

ISRMS 0.96 Amps Secondary RMS Current

IRIPPLE 0.82 Amps Output Capacitor RMS Ripple Current

CMS 191 Cmils Secondary Bare Conductor minimum circular mils

AWGS 27 AWG ;Zi%r;crlgrxv\(/\/gevgﬁg)ge (Rounded up to next larger

VOLTAGE STRESS PARAMETERS
Maximum Drain Voltage Estimate (Assumes 20%

VDRAIN 605 Volts zener clamp tolerance and an additional 10%
temperature tolerance)

PIVS 117 Volts Output Rectifier Maximum Peak Inverse Voltage

TRANSFORMER SECONDARY DESIGN PARAMETERS (MULTIPLE OUTPUTS)

1st output

Vo1 24 Volts (I;/Iuatg]u?g;z%r:;oltage (if unused, defaults to single

101 0.500 Amps Output DC Current

PO1 12.00 Watts Output Power

VD1 0.7 Volts Output Diode Forward Voltage Drop

™ Power Integrations, Inc.
Tel: +1 408 414 9200 Fax: +1 408 414 9201
www.powerint.com
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DER-423 12 W LED Ballast Power Supply Using TNY286PG

NS1 23.00 Output Winding Number of Turns

ISRMS1 0.957 Amps Output Winding RMS Current

IRIPPLE1 0.82 Amps Output Capacitor RMS Ripple Current

PIVS1 117 Volts Output Rectifier Maximum Peak Inverse Voltage

Recommended Diodes 13‘;%5 Recommended Diodes for this output

CMS1 191 Cmils %L;;put Winding Bare Conductor minimum circular
Wire Gauge (Rounded up to next larger standard

AWGS1 27 AWG AWG value)

DIAS1 0.36 mm Minimum Bare Conductor Diameter

oDS1 0.39 mm Ms_mmum Outside Diameter for Triple Insulated
Wire

2nd output

VO2 Volts Output Voltage

102 Amps Output DC Current

PO2 0.00 Watts Output Power

VD2 0.7 Volts Output Diode Forward Voltage Drop

NS2 0.65 Output Winding Number of Turns

ISRMS2 0.000 Amps Output Winding RMS Current

IRIPPLE2 0.00 Amps Output Capacitor RMS Ripple Current

PIVS2 3 Volts Output Rectifier Maximum Peak Inverse Voltage

Recommended Diode Recommended Diodes for this output

CMS2 0 Cmils giL;;put Winding Bare Conductor minimum circular

AWGS?2 N/A AWG Wire Gauge (Rounded up to next larger standard
AWG value)

DIAS2 N/A mm Minimum Bare Conductor Diameter

ODS2 N/A mm Ms_mmum Outside Diameter for Triple Insulated
Wire

3rd output

VO3 Volts Output Voltage

103 Amps Output DC Current

PO3 0.00 Watts Output Power

VD3 0.7 Volts Output Diode Forward Voltage Drop

NS3 0.65 Output Winding Number of Turns

ISRMS3 0.000 Amps Output Winding RMS Current

IRIPPLE3 0.00 Amps Output Capacitor RMS Ripple Current

PIVS3 3 Volts Output Rectifier Maximum Peak Inverse Voltage

Recommended Diode Recommended Diodes for this output

CMS3 0 Cmils gﬁ;put Winding Bare Conductor minimum circular

AWGS3 N/A AWG Wire Gauge (Rounded up to next larger standard
AWG value)

DIAS3 N/A mm Minimum Bare Conductor Diameter

0oDS3 N/A mm \I)/Iv?rgmum Outside Diameter for Triple Insulated

Total power 12 Watts Total Output Power

Negative Output N/A N/A If negative output exists enter Output number; eg: If

VO2 is negative output, enter 2

Page 19 of 52
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9 MEET—4

All measurements performed at room temperature unless specified.

9.1 #FE
82.2

82.1 =

82.0 «

81.9 «

Efficiency (%)

81.8

81.7 =

81- 6 L} L} L} L} L} L} L} L}
180 190 200 210 220 230 240 250 260 270

AC Input Voltage (V gus/ 50 Hz)

Figure 9 — Efficiency vs. Input Voltage, Room Temperature, 60 Hz.

Power Integrations, Inc.
“* Tel: +1 408 414 9200 Fax: +1 408 414 9201
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Input Input Measurement Load Measurement
VAC | Freq Vin Iin PN PE Vour | lour | Pour | Efficiency
(Vrws) | (HZ) | (Vrws) | (Arms) | (W) (Vo) | (Aog) | (W) (%)

180 50 | 179.94| 0.10 | 14.98 | 0.83 | 24.48 | 0.50 | 12.21 81.52
185 50 | 18491 | 0.10 | 14.97]0.83|24.48]0.50 | 12.21 81.57
190 50 ]189.97 ] 0.10 | 14.95]0.82 | 24.48 ] 0.50 | 12.21 81.65
195 50 ]194.95] 0.09 | 14.94]0.82]24.47]0.50 | 12.2 81.68
200 50 ]199.91] 0.09 | 14.93]0.81]24.48]0.50 | 12.21 81.79
205 50 | 204.97 | 0.09 | 14.91]0.81|24.48]0.50 |12.21 81.89
210 50 | 209.94| 0.09 | 14.90]0.80 | 24.47 | 0.50 | 12.21 81.93
215 50 |214.92 | 0.09 | 14.89]0.80 | 24.48 ] 0.50 | 12.21 82.01
220 50 ]219.97 ] 0.09 | 14.88]0.79 | 24.48 ] 0.50 | 12.21 82.05
225 50 |224.94 ] 0.08 | 14.87]0.79 | 24.47]0.50 | 12.21 82.09
230 50 ]229.92 ]| 0.08 | 14.87]0.78 | 24.48 ] 0.50 | 12.21 82.12
235 50 | 234.97 | 0.08 | 14.86]0.78 | 24.48 ] 0.50 | 12.21 82.16
240 50 | 239.95] 0.08 | 14.86]0.77 | 24.48 | 0.50 | 12.21 82.14
245 50 | 244.92 | 0.08 | 14.86 ] 0.77 | 24.48 ] 0.50 | 12.21 82.16
250 50 ]249.98 | 0.08 | 14.86] 0.76 | 24.48 | 0.50 | 12.21 82.15
255 50 ] 254.95] 0.08 | 14.86] 0.76 | 24.48 | 0.50 | 12.21 82.13
260 50 ] 259.93] 0.08 | 14.87]0.75]24.48]0.50 | 12.21 82.12
265 50 | 265.00 | 0.08 | 14.87]0.75]24.48 ]0.50 | 12.21 82.10
270 50 |269.97 | 0.07 |14.88]0.74 | 24.48 ] 0.50 | 12.21 82.07
275 50 | 274.94| 0.07 |14.88]0.74|24.47]0.50 |12.21 82.02

Table 1 — Data for Figure 9.

Power Integrations ™
Tel: +1 408 414 9200 Fax: +1 408 414 9201  =§=
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Load (A); VAC =230 V qys/ 50 Hz

Figure 10 - Load efficiency at 230 Vrys/ 60 Hz line, Room Temperature, 60 Hz.

Power Integrations, Inc.
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Load Setting Input Measurement Load Measurement
Load | Load Vin Iin PN PE Vour lout Pout Efficiency
(%) (A) | (Vrus) | (Arws) | (W) (Vo) | (Anc) W) (%)
100 0.50 ] 229.93] 0.08 | 14.87 | 0.78 | 24.48 0.50 12.21 82.14
95 0.48 ]229.93] 0.08 | 14.11 ] 0.78 | 24.48 0.47 11.60 82.21
90 0.45 |]229.93] 0.08 | 13.35] 0.77 | 24.48 0.45 10.99 82.31
85 0.43 |]229.93] 0.07 | 12.57 | 0.76 | 24.48 0.42 10.37 82.55
80 0.40 ] 229.94] 0.07 | 11.77 | 0.75 | 24.48 0.40 9.76 82.91
75 0.38 ]229.94] 0.06 ] 11.02 | 0.74 | 24.48 0.37 9.15 83.06
70 0.35 ]229.94] 0.06 | 10.29 | 0.73 | 24.48 0.35 8.54 83.02
65 0.33 ]229.94] 0.06 | 9.56 | 0.72 | 24.48 0.32 7.93 82.95
60 0.30 ] 229.94] 0.05 | 8.83 | 0.71 | 24.48 0.30 7.32 82.86
55 0.28 ]229.94] 0.05 | 8.10 | 0.69 | 24.48 0.27 6.70 82.70
50 0.25 ]229.94] 0.05 | 7.38 | 0.67 | 24.48 0.25 6.09 82.54
45 0.23 ]229.94] 0.04 | 6.65 | 0.65 | 24.48 0.22 5.48 82.37
40 0.20 ]229.94] 0.04 | 5.93 | 0.64 | 24.48 0.20 4.87 82.12
35 0.18 ]229.94] 0.04 | 5.20 | 0.62 | 24.48 0.17 4.25 81.81
30 0.15 ]229.94] 0.03 | 4.57 | 0.61 | 24.48 0.15 3.64 79.70
25 0.13 ]229.94] 0.03 | 3.84 | 0.58 | 24.48 0.12 3.03 78.94
20 0.10 ] 229.94] 0.03 | 3.11 | 0.53 | 24.48 0.10 2.42 77.81
15 0.08 ]229.95] 0.02 | 2.61 | 0.48 | 24.48 0.07 1.80 69.21
10 0.05 |]229.95] 0.02 1.81 | 0.44 | 24.48 0.05 1.19 65.86
5 0.03 ] 229.95] 0.01 1.00 | 0.34 | 24.48 0.02 0.58 58.09
4 0.02 ]229.95] 0.01 | 0.83 | 0.31 | 24.48 0.02 0.46 54.93
3 0.02 ]229.95] 0.01 | 0.66 | 0.26 | 24.48 0.01 0.33 49.99
2 0.01 ]229.95] 0.01 | 0.49 | 0.21 | 24.48 0.01 0.211 43.32
1 0.01 ]229.95] 0.01 | 0.30 | 0.14 | 24.48 0.00 0.09 28.28
0.80 | 0.004 | 229.95] 0.01 | 0.26 | 0.13 | 24.48 0.00 0.06 23.66
0.60 | 0.003 | 229.95] 0.01 | 0.23 | 0.11 | 24.48 0.00 0.05 19.88
0.40 | 0.002 | 229.95] 0.01 | 0.20 | 0.10 | 24.48 0.00 0.03 12.67
0.20 | 0.001 | 229.95] 0.01 | 0.17 | 0.08 | 24.48 0.00 0.01 5.41
0.10 | 0.0005 | 229.95] 0.01 | 0.15 | 0.08 | 24.48 0.00 0.00 0.00
0.00 0 229.95] 0.01 | 0.08 | 0.04 | 24.48 0.00 0.00 0.00
Average Efficiency 81.67

Table 2 — Data for Figure 10.

The external power supply requirements below all require meeting active mode efficiency
and no-load input power limits. Minimum active mode efficiency is defined as the average
efficiency of 25, 50, 75 and 100% of output current (based on the nameplate output
current rating).

For adapters that are single input voltage only then the measurement is made at the
rated single nominal input voltage (115 VAC or 230 VAC), for universal input adapters the
measurement is made at both nominal input voltages (115 VAC and 230 VAC).

To meet the standard the measured average efficiency (or efficiencies for universal input
supplies) must be greater than or equal to the efficiency specified by the standard.

Power Integrations ™
Tel: +1 408 414 9200 Fax: +1 408 414 9201  =§=
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The test method can be found here:
http://lwww.enerqystar.qov/ia/partners/prod development/downloads/power supplies/EP
SupplyEffic TestMethod 0804.pdf

For the latest up to date information please visit the Pl Green Room:
http://www.powerint.com/greenroom/regulations.htm

9.2.1 XE 2007 EXIRI/ILX¥—BHERVETEHREE

This legislation mandates all single output single output adapters, including those
provided with products, manufactured on or after July 1%, 2008 must meet minimum
active mode efficiency and no load input power limits.

Active Mode Efficiency Standard Models

Nameplate Output (P o) | Minimum Efficiency in Active Mode of Operation
<1lW 0.5 x Pg
>1Wto<51W 0.09 x In (Pg) + 0.5
>51W 0.85

In = natural logarithm

No-load Energy Consumption
Nameplate Output (P o) | Maximum Power for No -load AC -DC EPS
All <0.5W

This requirement supersedes the legislation from individual US States (for example CEC
in California).

9.2.2 ENERGY STAR EPS /\—3> 2.0

This specification takes effect on November 1%, 2008.
Active Mode Efficiency Standard Models

Nameplate Output (P o) | Minimum Efficiency in Active Mode of Operation
<1W 0.48 x Py + 0.14
>1Wto<49W 0.0626 x In (Pg) + 0.622
> 49 W 0.87

In = natural logarithm

Active Mode Efficiency Low Voltage Models (Vo<6 V and Io =550 mA)

Nameplate Output (P o) | Minimum Efficiency in Active Mode of Operation
<1W 0.497 x P, + 0.067
>1Wto<49W 0.075 x In (Po) + 0.561
> 49 W 0.86

In = natural logarithm

No-load Energy Consumption (both models)
Nameplate Output (P o) | Maximum Power for No -load AC -DC EPS
0to <50 W <0.3W
>50 W to < 250 W <05W

Power Integrations, Inc.
“* Tel: +1 408 414 9200 Fax: +1 408 414 9201
www.powerint.com Page 24 of 52
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9.3 BMEABADES

92

No-Load Power Input (mW)
e} e} (0] e} [} (o]
o N N (o)) (o] o

\‘
(0e]
2

76

170 180 190 200 210 220 230 240 250 260 270
AC Input Voltage (V gus/ 50 Hz)

Figure 11 - Zero Load Input Power vs. Input Line Voltage, Room Temperature, 50 Hz.

Inout Input Measurement
P (Integration)
VAC | Freq PN Iin Vour | Limit
Remarks

(Vruws) | (Hz) | (mW) (MARus) (Vog) | (mW)

180 50 77.43 7.44 24.48 | 100 Pass

200 50 79.82 7.85 24.48 | 100 Pass

230 50 84.25 8.53 24.48 | 100 Pass

240 50 85.87 8.77 24.48 | 100 Pass

265 50 90.11 9.35 24.48 | 100 Pass

Table 3 — Data for Figure 10.
Power Integrations
Tel: +1 408 414 9200 Fax: +1 408 414 9201 ==
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9.4 FHEFHED

The chart below shows the available output power vs line voltage for an input power of

1W,2Wand3W.
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Figure 12 — Available Standby Power vs. Line.

Power Integrations, Inc.
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95 LFaL—S3>

951 &ff
27.0

26.5
26.0
255
25.0 «

24.5 Pttt —p——————

Output Voltage (V)

NN
w s
S )
] [ ]

23.0 =

225

22.0 T T T T
0.00 0.10 0.20 0.30 0.40 0.50

Load (A); VAC =230 V gys / 50 Hz

Figure 13 — Load Regulation, Room Temperature.
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Figure 14 — Line Regulation, Room Temperature, Full Load.

Power Integrations, Inc.
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9.5.3 HZE (PF)
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Figure 15 — Power Factor vs. AC Input at full load.
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10 4%t

10.1 #E§

Unit was measured open frame (no enclosure). Temperatures were allowed to stabilize
prior to making measurements (>30 mins)

10.1.1 Ep &R E (190 VAC, 50 Hz. 25 °C)

Sp2 63.5

Sp3 69.0

%

Figure 16 — SP1 — Snubber Output Resistor (R3). Figure 17 — SP1 — TNY286PG (U1).
SP2 — Output Diode (D4).
SP3 - TNY286PG (U1).
SP4 — Fusible Resistor (F1).

Power Integrations, Inc.
= Tel: +1 408 414 9200 Fax: +1 408 414 9201
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. / » 9
. Spl 30.4 :
r ’
’ |

Figure 18 — SP1 — Fusible Resistor (F1). Figure 19 — SP1 — Common Mode Choke (L1).

[ 5oz 547 | -

Figure 20 — SP1 — Transformer (T1). Figure 21 — SP1 — Snubber Diode (D1).
SP2 — Snubber Resistor (VR1).

Power Integrations ™
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10.1.2 Ep 5B E (265 VAC, 50 Hz, 25°C)

5p2 50.4

| :
Sp1 59.0
Ll

i - - -
Spl 6 0-9

fTeSe

Sp333.2 NI

Figure 22 — SP1 - TNY286PG (U1). Figure 23 — SP1 - TNY286PG (U1).
SP2 — Output Diode (D4).
SP3 — Fusible Resistor (FR1).

Figure 24 — SP1 — Output Diode (D4). Figure 25 — SP1 — Transformer (T1).
SP2 — Output Snubber Resistor (R4).

Power Integrations, Inc.
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11 K
11.1 BESEBFEDAGEFEASER

LeCroy LeCroy

Figure 26 — 190 VAC, Full Load. Figure 27 — 220 VAC, Full Load.

Green: Iy, 0.1 A/ div. Green: Iy, 0.1 A/ div.
Yellow: Vpn, 100 V, 5 ms / div. Yellow: Vpn, 100 V, 5 ms / div.

LeCroy

LeCroy

Figure 28 — 240 VAC, Full Load. Figure 29 — 265 VAC, Full Load.
Green: Iy, 0.1 A/ div. Green: Iy, 0.1 A/ div.
Yellow: Vpn, 100 V, 5 ms / div. Yellow: Vpn, 100 V, 5 ms / div.

Power Integrations ™
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11.2 BEBEBDFL 1 EFEFL1ETR

[ERAURRIR LR ELI] REUREY RIS
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Figure 30 — 190 VAC, Full Load. Figure 31 — 190 VAC, Full Load.
Upper: Ipran, 0.2 A/ div. Upper: Ipran, 0.2 A/ div.
Lower: Vprain, 200 V, 1 ms / div. Lower: Vprain, 200 V / div.

Time Scale: 1 ms / div.
Zoom Time Scale: 100 ps / div.

g
valye
stabs

ol
- 1

LeCroy ] wa0ne1 LeCroy
Figure 32 — 230 VAC, Full Load. Figure 33 — 230 VAC, Full Load.
Upper: Ipran, 0.2 A/ div. Upper: Ipran, 0.2 A/ div.
Lower: Vpran, 200 V, 1ms / div. Lower: Vpran, 200 V /div.

Time Scale: 1 ms/ div.
Zoom Time Scale: 10 ps / div.

Power Integrations, Inc.
Tel: +1 408 414 9200 Fax: +1 408 414 9201
WWWw.powerint.com Page 34 of 52



DER-423 12 W LED Ballast Power Supply Using TNY286PG

= !—U _________________ " _ __u I

07-Nov-14

{ 1

| BRI ]

L LI [

B - - el

Measare PrmanZz) Prmaxzy) Paeee [ [T Ph-
v Tamy

T
Figure 35— 265 VAC, Full Load.

e
Upper: Ipran, 0.2 A/ div.

Figure 34 — 265 VAC, Full Load.
Upper: Iprain, 0.2 A/ div.
Lower: Vpran, 200 V. Lower: Vprann, 200 V / div.
Time Scale:1 ms / div. Time Scale: 1 ms / div.
Zoom Time Scale: 10 ps / div.

11.3 BHEFEDFL 1 EELFL 1> ER

No saturation or any possible cause of failure.

Measure P1maniC2) PImaxiC4)
S 486 mv
-

| v
¥}
P2muaxiC4) [ Pdeas Phieen Phoee

[

PUman(CH) PImaniC4)

i

Measure
value ET2mv
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TH014 113025 AM

190 VAC Input and Maximum Load.

Figure 36 — 190 VAC Input and Maximum Load. Figure 37 —
Upper: Iprain, 0.2 A/ div. Upper: Ipran, 0.2 A/ div.
Lower: Vpran, 200 V / div. Lower: Vprain, 200 V / div.
Time Scale: 1 ms/ div.
Zoom Time Scale: 2 ps / div.

Time Scale: 1 ms/ div.
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Flgure 40 — 265 VAC Input and Maximum Load.
Upper: Ipran, 0.2 A/ div.

Lower: Vprain, 200 V / div.
Time Scale: 1 ms/ div.

- [ PE--
&TE my

2014113352 AM

Figure 38 — 190 VAC Input and Maximum Load.
Upper: Ipran, 0.2 A/ div.
Lower: Vprain, 200 V / div.
Time Scale: 1 s / div.

07-Nov-14

Pi:mas(C2) P2mas(C4) P3eee [
3$‘TU B?&m\-’

F|gure 39 — 190 VAC Input and Maximum Load.
Upper: Ipran, 0.2 A/ div.
Lower: Vprain, 200 V / div.
Time Scale: 20 us / div.
Zoom Time Scale: 1 us / div.
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Flgure 41 — 265 VAC Input and Maximum Load.
Upper: Ipran, 0.2 A/ div.
Lower: Vprain, 200 V / div.
Time Scale: 1 ms/ div.
Zoom Time Scale: 5 us / div.
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11.4 FL1>EFERUEREZEEHEER

b ! N
= "
| 41 I U |
L= -
Figure 42 — 265 VAC Input and Shorted Load. Figure 43 — 265 VAC Input and Shorted Load.
Upper: Ipran, 0.2 A/ div. Upper: Iprain, 0.2 A/ div.
Lower: Vpran, 200 V / div. Lower: Vpran, 200 V / div.
Time Scale: 1 ms/ div. Time Scale: 1 ms/ div.

Zoom Time Scale: 5 ps / div.

115 BEBEHDFL 1> EFEREiiHEEE
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STV T my valug. Ex A Temy
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&c wuuwm:
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K? 18 nmm = 554081 Hz
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W= 159:59!5; my«- 31'5!9511' mH;

WHTO14 11708 PM

VT4 VIEIOPM

Figure 44 — 265 VAC Input, Full Load then Short. Figure 45 — 265 VAC Input, Full Load then Short.
180 ms Continuous Switching. 2.5 s Off Time before Auto-restart.
Upper: Ipran, 0.2 A/ div. Upper: Ipran, 0.2 A/ div.
Lower: Vprann, 200 V / div. Lower: Vprann, 200 V / div.
Time Scale: 500 ms / div. Time Scale: 500 ms / div.
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B1910648 b

VIT014 12041 PM

Figure 46 — 265 VAC Input and Full Load then Short.

Upper: Ipran, 0.2 A/ div.
Lower: Vprain, 200 V / div.
Time Scale: 20 ms / div.
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Figure 48 — 190 VAC Input and Full Load then Short.

Upper: Ipran, 0.2 A/ div.
Lower: Vour, 20 V / div.
Time Scale: 100 ps / div.
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Figure 47 — 265 VAC Input and Full Load then Short.
Upper: Ipran, 0.2 A/ div.
Lower: Vprain, 200 V / div.
Time Scale: 50 us / div.
Zoom Time Scale: 2 us / div.

i

Measure P miniC D) Paee P3eee [ S Pl
value 181V

status P

LeCroy

Figure 49 — 265 VAC Input and Full Load then Short.
Upper: Ipran, 0.2 A/ div.
Lower: Vpran, 200 V / div.
Time Scale: 50 us / div.
Zoom Time Scale: 2 ps / div.

Power Integrations, Inc.

Tel: +1 408 414 9200 Fax: +1 408 414 9201
www.powerint.com

Page 38 of 52



07-Nov-14 DER-423 12 W LED Ballast Power Supply Using TNY286PG

11.7 EEFFEDHHEFEE
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Figure 50 — Start-up Profile, 190 VAC Figure 51 — Start-up Profile, 265 VAC.
Upper: Vin, 100 V / div. Upper: Vin, 100 V / div.
Lower: Vout, 5 V / div. Lower: Vout, 5V / div.
Time Scale: 50 ms / div. Time Scale: 50 ms / div.
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11.8 BAEELE (0% ~ 100% DA TV

In the figures shown below, signal averaging was used to better enable viewing the load
transient response. The oscilloscope was triggered using the load current step as a
trigger source. Since the output switching and line frequency occur essentially at random
with respect to the load transient, contributions to the output ripple from these sources

will

average out,

leaving

LeCroy

Figure 52 — Transient Response, 230 VAC, 0-100-0%

3
PUpipk(CD) PIautriC3) Pifeq(Ch P4 Ps P

TE2 v 4086% 1000017000 He
o - .1

Load Step for Worst Case Condition at
100 Hz.

Upper: Vout, 200 mV / div.

Lower: loyt, 100 mA / div.

Time Scale: 5 ms / div.

the contribution onl

from the load step response.

: i
P1pgkE ) =] PafrealC3) P4 5 6

Measule
valus 56 miv S000% 999083500 He
status £ L4 L
1100 mAkn
-354 0 mA
LeCroy

Figure 53 — Transient Response, 230 VAC, 50-100-
50% Load Step for Worst Case Condition
at 100 Hz.

Upper: Vour, 200 mV / div.
Lower: loyt, 100 mA / div.
Time Scale: 5 ms / div.
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4900% WIS

o o

Bocessng UWT014 4B 56 PU

Figure 54 — Transient Response, 230 VAC, 0-100-0%

Load Step for Worst Case Condition at 1
kHz.

Upper: Vout, 200 mV / div.

Lower: loyt, 100 mA / div.

Time Scale: 5 ms/ div.
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Measute P phphiC 2} PIoutC3) PifregiCh) Plees Pheee P
valye E46 mv AT % SRSTH00A H

h . - -

LeCroy 014 TABOE PR

Figure 55 — Transient Response, 230 VAC, 50-100-
50% Load Step for Worst Case Condition
at 1 kHz.

Upper: Vourt, 200 mV / div.
Lower: loyt, 100 mA / div.
Time Scale: 5 ms / div.
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119 ABUHs

No component failure was observed.

| o

LeCroy WNT014 53055 P
Figure 56 — Brown-out at 0.5 V / div. Figure 57 — Brown-in at 0.5 V / div.
Upper: Vy, 100 V / div. Upper: Viy, 100 V / div.
Lower: Vout, 5 V / div. Lower: Vout, 5 V / div.
Time Scale: 20 s/ div. Time Scale: 20 s/ div.
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Em LeCroy muausms
Figure 58 — Brown-out at 0.5 V / div. Figure 59 — Brown-in at 0.5 V / div.

Upper: Vin, 100 V / div. Upper: Vin, 100 V / div.

Lower: Vout, 5V / div. Lower: Vout, 5 V / div.

Time Scale: 50 ms / div. Time Scale: 50 ms / div.

Power Integrations ™
Tel: +1 408 414 9200 Fax: +1 408 414 9201 =g~
Www.powerint.com

Page 41 of 52



DER-423 12 W LED Ballast Power Supply Using TNY286PG 07-Nov-14

11.10 F—F> )L—TFHEE
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LeCroy W14 24713 P LeCroy

AFO1E T IENIPM

Figure 60 — 190 VAC Open Loop at No-Load.
Vout, 5V / div.
Time Scale: 500 ms / div.

Figure 61 — 265 VAC Open Loop at No-Load.
Vout, 5V / div.
Time Scale: 500 ms / div.
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Figure 62 — 190 VAC Open Loop at Full-Load.
Vout, 5V / div.
Time Scale: 500 ms / div.

Figure 63 — 265 VAC Open Loop at Full-Load.
Vout, 5V / div.
Time Scale: 500 ms / div.
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11.11 HAHUYTIDHE

11.11.1 )T ILDRIE R E
For DC output ripple measurements, a modified oscilloscope test probe must be utilized

in order to reduce spurious signals due to pick-up. Details of the probe modification are
provided in the Figures below.

The 4987BA probe adapter is affixed with two capacitors tied in parallel across the probe
tip. The capacitors include one (1) 0.1 pF/50 V ceramic type and one (1) 1.0 pF/50 V
aluminum electrolytic. The aluminum electrolytic type capacitor is polarized, so proper
polarity across DC outputs must be maintained (see below).

Probe Ground

Figure 65 — Oscilloscope Probe with Probe Master (www.probemaster.com ) 4987A BNC Adapter.
(Modified with wires for ripple measurement, and two parallel decoupling capacitors added)
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11.11.2 BIEFER

LeCroy WNT014 6410 P LeCroy
Figure 66 — Ripple, 190 VAC, Full Load. Figure 67 — Ripple, 265 VAC, Full Load.
5 ms, 100 mV / div. 5 ms, 100 mV / div.

i
PUphpk(CD) P2 4 3 P g 2) Pues P2 P4 PS Pies
a5 mv 406 mv
o o

LeCroy LeCroy

Figure 68 — Ripple, 230 VAC, Full Load. Figure 69 — Ripple, 230 VAC, % Full Load.
5ms, 100 mV / div. 5ms, 100 mV / div.
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Figure 70 — Ripple, 230 VAC, % Full Load.
5ms, 100 mV / div.
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Figure 71 — Ripple, 230 VAC, % Full Load.
5ms, 100 mV / div.
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Figure 72 — Ripple, 230 VAC, 1/8 Full Load.
5 ms, 100 mV / div.
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Figure 73 — Ripple, 230 VAC, No-Load.
5ms, 100 mV / div.
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13 AAhY—

Differential input line 1.2/50 ps surge testing was completed on a single test unit to
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 Vlonl'[[)alljg;e Injecti_on Injection Test ReSL_ult
Level (V) (VAC) Location Phase (°) (Pass/Falil)
+250 230 LtoN 90 Pass
-250 230 LtoN 90 Pass
+500 230 LtoN 90 Pass
-500 230 LtoN 90 Pass
+750 230 LtoN 90 Pass
-750 230 LtoN 90 Pass
+1000 230 LtoN 90 Pass
-1000 230 LtoN 90 Pass

Unit passes under all test conditions.

Differential Ring input line surge testing was completed on a single test unit to 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 Vlonlf;gte Inject!on Injection Test Resglt
Level (V) (VAC) Location Phase (°) (Pass/Fail)
+2500 230 LtoN 90 Pass
-25000 230 LtoN 90 Pass
+2500 230 Lto N 0 Pass
-25000 230 Lto N 0 Pass

Unit passes under all test conditions.
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14 =& EMI
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Figure 74 — Conducted EMI, Maximum Steady-State Load, 230 VAC, 60 Hz, and EN55015 B Limits. Unit
on Top of Copper Plane.
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Tracel:

Trace?2:

Trace3:

NN

N NN B P R NDEFHFNDRDNDN

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

Average

EN550150Q
EN55015A

FREQUENCY

304509 kHz

51.3431986431 kH=z
73.4602458683 kH=z
134.789536006 kH=z
183.028505992 kHz
269.806440381 kH=z
687.48218373 kHz
687.48218373 kHz
790.243042258 kH=z
1.32578199726 MH=z
2.1374603093 MH=z
5.23385515413 MHz
15.0275202 MH=z

23.7503773643 MHz

LEVEL dBpV

pLEL TR

9532
8.87
212
40.98
34.16
40.89
31776
42.18
40.35
3812
31.40
24.45
26.52

L1
L1

-
2222222222 FR

=
=

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

DELTA LIMIT dB

=13.36
—16. 96
—15. 30
—14:23
—H:S 8
-15.64
=1.78%7
=18:.59
=25.55
=23.47

Table 4 — Conducted EMI, Maximum Steady-State Load, 230 VAC, 60 Hz, and EN55015 B Limits. Unit on
Top of Copper Plane.
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@ Power | ntegrations RBW 9 kHz
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Figure 75 — Conducted EMI, Maximum Steady-State Load, 230 VAC, 60 Hz, and EN55015 B Limits. Unit
on Top of Copper Plane that is Connected to Earth.
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Tracel:

Trace?2:

Trace3:

N FREF R NEFNNERRERENDNDENERERENDNDNN

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

Quasi Peak

Quasi

Average
Average
Quasi Peak
Average
Quasi Peak
Quasi Peak

Average

EN550150Q
EN5S5015A

130.¢ 5691
136.137431366
179.422121353
269.806440381
397.727746704
409,.779295157

FREQUENCY

kHz
kHz
kHz
kHz
kHz

687.48218373 kHz
687.48218373 kHz

790.243042258
132578199726
1.84110031489

kHz
MH =z
MH =z

2.0745979178 MHz
2.1588349124 MHz

5.28619370567
6.77918394001
8.86858861671
932097576636

MH =z
MHz
MHz=z
MHz

LEVEL dBpVv
33.39
43.13
44.63
37.40
44.42
34.21
46.75
oS 7 P 0 b2 B
48.05
46.42
36.42
36.39
44.56
36.97
42 .52
40.08
34.03

2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2

gnd

gnd
gnd
gnd

DELTA LIMIT dB

-9.88
et o
— 1347
-13.43

-9.24

-8.98

-7.94

—=9.. 55

—9.. B

=9.60
-11.43
-13.02
-17.47
—19.8%
-15.96

Table 5 — Conducted EMI, Maximum Steady-State Load, 230 VAC, 60 Hz, and EN55015 B Limits. Unit on
Top of Copper Plane that is Connected to Earth.
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