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High efficiency, 285% at 120 VAC

Broad dimmer compatibility (within NEMA SSL6 dimming curves) with wide selection of U.S.

TRIAC-based dimmers

Enhanced user experience

o Flicker free, monotonic dimming,

¢ Fast monotonic start-up (<200 ms) — no perceptible delay

e Turn on and turn off at almost the same dimming angle — no pop-on

Low cost

e Single-stage combined PFC and accurate primary side regulated constant current output

¢ Single-sided PCB; Low component count
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e Fast acting line input overvoltage shutdown extends voltage withstand during line faults
e Without MOV can withstand +2500 V ring wave and £500 V differential surge
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printed circuit board

Meets IEC 61000-4-5 ring wave, IEC 61000-3-2 C THD and IEC CISPR 15/ EN55015 B

conducted EMI

Power Integrations
5245 Hellyer Avenue, San Jose, CA 95138 USA.
Tel: +1 408 414 9200 Fax: +1 408 414 9201
www.powerint.com




DER-350 20 W PAR38 Dimmable LED Driver Using LYT4317E 20-May-13

PATENT INFORMATION

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

E Power Integrations, Inc.
Tel: +1 408 414 9200 Fax: +1 408 414 9201
www.powerint.com Page 2 of 56



20-May-13 DER-350 20 W PAR38 Dimmable LED Driver Using LYT4317E

Table of Contents

S [0 o Yo [¥Tex i o] o PSS UPPPPP 5
2  Power Supply SpecCification ..........oouuuiiiii i 7
3 SCNEMALIC ... e e ana 8
4 CircUit DESCIIPLION......uueiii et e e e e e e e e e 9
4.1 INPUL FIREIING .ttt e e e e e e e e eeeees 9
4.2  LYTSWItCh-4 Primary .....cooommeii ittt 9
4.3 FEEADACK....... o e 10
4.4  Disconnected Load ProteCtion............oouuuuuiiiiiiiiiiiiiici e 10
4.5  Output Rectification ...........uuuiiiii e 10
46 TRIAC Phase Dimming Control Compatibility.............cccoeeiiiiiiiiiiiiiiiei e, 11

5 PCB LAYOUL.....eeeeeeeeeee 12
6 Billof Materials ... 13
7 Transformer SpecCifiCation ..........ooeiiiiiiiee e 15
7.1 Electrical Diagram..........coooii i 15
7.2  Electrical SpecCifiCatioNs ............iiiiiiiiiiee e 15
7.3 MaALErialS ... e e aeaees 15
7.4 Transformer Build Diagram...........cooueiiiiiiiiiiiiiiiiiiiiiiiiiieeeeeeeeeeeeeeeee e 16
7.5  Transformer ConStruCtioN ...........oooviiiiiiiiiiiiiiiieeeeeeeeeeeeeeeeeeeeeeee e 16

8 Transformer Design Spreadsheet............ooo 17
9 L1 Inductor SPecCifiCation..........ccooiiiiiiiiice e 20
9.1 Electrical Diagram..........coooiiiiiiiiii 20
9.2  Electrical SpeCifiCationNs .............oeiiiiiiiiiiicee e 20
0.3  MaALrIAlS .ceve e 20
9.4  Inductor Build Diagram ...........ooiieiiiii e 21
9.5  INAUCIOr CONSITUCHION. ... oo e e e e e e e eeeenne 21
10 U1 Heat SiNK ASSEMDIY ... 22
10.1 U1 Heat Sink Fabrication Drawing..................euueeeiiimiiiiiiiiiiiiiiiees 22
10.2 U1 Heat Sink Assembly Drawing ..........cccoooiiiiiiiiiiiiiiic e 23
10.3 U1 and Heat Sink Assembly Drawing ... 24
11 Performance Data............ooooiiiiiiiiiiiiiiiiieeeeeeeeeeee ettt nnnnnnnnne 25
111 EffICIENCY ettt 25
11.2 Line and Load Regulation .............oiiriiiiii i 26
1.3 POWET FACON ..coeee et 27
T I o |0 28
11.5  HarmoniC CUIMENTS......ccoieeieeiie e e e e e e e e e e e e eeennnnans 29
1 0 e I 1 1 I 1 7 T 29
R Ty 2 I 1 I 1 T Vo 30
R TR T B I 1 1 7 T 31
T1.6 TSt DaAla ... e e 32
11.6.1 TestData, 11 LED LA ..o 32
11.6.2 TestData, 12 LED LOAd ........oovniiiiiiieeee e 32
11.6.3 TestData, 13 LED LA .....ccoomiieiiiieeeee e 32
11.6.4 120 VAC 60 Hz, 11 LED Load Harmonics Data ............ccccevvviviieniiiniennnnnn. 33
11.6.5 120 VAC 60 Hz, 12 LED Load Harmonics Data .............cccceeeeeiieie. 34

Power Integrations E
Tel: +1 408 414 9200 Fax: +1 408 414 9201
Page 3 of 56 www.powerint.com



DER-350 20 W PAR38 Dimmable LED Driver Using LYT4317E 20-May-13

11.6.6 120 VAC 60 Hz, 13 LED Load Harmonics Data............cccccovveenieiniinneennnnen. 35

12 Dimming Performance Data ...........cccoooiiiiiiiiiiii e 36
12.1 Dimming Curve with Simulated (Using Agilent 6812B AC Source) Leading Edge
19T 10 0T P 36
12.2 Fast Start-up (<200 ms) with TRIAC-Based Dimmer..............cccccuvuvieiniiiininnnnne 37
12.3 Pop-on Point with TRIAC-based Dimmer............c.cccooeiiiiiiiiiiccce e, 38
12.4 Output Current and Input Current Waveforms with Dimmer..................ccc........ 39
12.6  Compatibility LiSt .......coommmiiiiee e 40
13 Thermal PerfOrmMancCe.........ooouuiiiiii i e e s 42
13.1  Thermal Measurement with PAR38 Lamp.........ccoiiiiiiiiiiiieiceeeeceeee e 42
13.2 90 VAC, NON-DIMMING ..ottt e e e e e e e e e e eeennn s 42
13.3 132 VAC, NON-DiMMING ...ovriiiiiieiieeeeeee e 43
13.4 120 VAC, 90° Conduction ANGIE ........euueiiieieieeeeeeee e 43
14 Non-Dimming Waveforms ..........oiiii oo 44
14.1 Output Current and Input Current Waveforms.............ccccovveiiiiciiiiie e, 44
14.2 Output Current and Output Voltage Waveform at Normal Operation ................ 45
14.3 Input Voltage and Output Current Waveform at Start-up.........ccccooeeeeiiiiiiiinnnnnnn. 46
14.4 Output Voltage and Output Current Waveform at Start-up............ccceeeevvvennnnnnnn. 46
14.5 Drain Voltage and Current at Normal Operation...................uuiiiiiiiiiiiiiiiiiiininn. 47
14.6 Drain Voltage and Current at Start-up ............ooooviiiiiiiiiic e, 48
14.7 Drain Voltage and Current at Output Short Condition ..............cccccoiiiiiinnnns 49
14.8 Open Load ConditioNn .........ciiiiiiiiiiiece et 50
14.9 Output Diode Voltage and Current Waveform at Normal Operation.................. 51

L T O To 18 ez (Yo I =1 V| PP 52
L TR T I QT =1 | o PP 52
15.2  TESERESUIL ... 53
1O LN SUIGE ..ottt ettt s st s st nnssnssnnnnnne 54
17 REVISION HISIONY.....eeieiiee e e e e e e e s 55

Important Note: Although this board is designed to satisfy safety isolation requirements, the engineering
prototype has not been agency approved. Therefore, all testing should be performed using an isolation
transformer to provide the AC input to the prototype board.

E Power Integrations, Inc.
Tel: +1 408 414 9200 Fax: +1 408 414 9201
www.powerint.com Page 4 of 56



20-May-13 DER-350 20 W PAR38 Dimmable LED Driver Using LYT4317E

1 Introduction

The document describes an isolated high power factor (PF) TRIAC dimmable LED driver
designed to drive a nominal LED string voltage of 36 V at 550 mA typical from an input
voltage range of 90 VAC to 132 VAC. The LED driver utilizes the LYT4317E from the
LYTSwitch-4 family of ICs.

The topology used is a single-stage power factor corrected flyback that delivers high
isolation efficiency, high power factor, low THD, and low component count.

High power factor and low THD is achieved by employing the LYTSwitch-4 IC which also
provides a sophisticated range of protection features including auto-restart for open
control loop and output short-circuit conditions. Line overvoltage provides extended line
fault and surge withstand, and accurate hysteretic thermal shutdown that ensures safe
average PCB temperatures under all conditions.

This document contains the LED driver specification, schematic, PCB diagram, bill of
materials, transformer documentation and typical performance characteristics.

Figure 1 — Populated Circuit Board Photograph (Left) and Placed Inside a CREE PAR38 Lamp (Right).

Power Integrations E
Tel: +1 408 414 9200 Fax: +1 408 414 9201
Page 5 of 56 www.powerint.com



DER-350 20 W PAR38 Dimmable LED Driver Using LYT4317E 20-May-13

e

Figure 3 — Populated Circuit Board Photograph (Bottom View).
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2 Power Supply Specification

The table below represents the minimum acceptable performance of the design. Actual
performance is listed in the results section.

Description Symbol | Min Typ | Max | Units Comment
Input
Voltage Vin 90 120 132 VAC
Frequency fLINE 60 Hz
Output
Output Voltage Vour 33 36 39 \Y
Output Current lout 550 mA
Total Output Power
Continuous Output Power Pour 20 W
Efficiency
Vour = 36, Viy = 120 VAC, 25 °C

Full Load n 85 % | T ambient
Environmental
Conducted EMI CISPR 15B / EN55015B
Safety Isolated
Ring Wave (100 kHz)

Differential Mode (L1-L2) 2.5 kV

Common Mode (L1/L2-PE)
Differential Surge (1.2 / 50 us) 500 V

Measured at V, o

Power Factor 0.97 and 120 V‘X’gg’é Hp
Harmonic Currents EN 61000-3-2 Class D (C) s e v
Ambient Temperature Tams | 45 | | °C Free convection, sea level

Power Integrations E
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3 Schematic
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Figure 4 — Schematic.
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4 Circuit Description

The LYTSwitch-4 device is a controller with an integrated 650 V power MOSFET for use
in LED driver applications. The LYTSwitch-4 is configured for use in a single-stage
flyback topology which provides a primary side regulated constant current output while
maintaining high power factor from the AC input.

4.1 Input Filtering

Fuse F1 provides protection from component failure. A relatively high current rating was
selected to prevent failure during differential (1.2 us / 50 us) line surge. The fast acting
Line Over voltage detection of LYTSwitch-4 in conjunction with D2 and C6 peak detector
capacitor provides a clamp to limit the maximum voltage stress across the Mosfet of the
IC. Optional MOV (Metal Oxide Varistor) RV1 was used for differential line surge
requirement of >500V. A 140 VAC rated part was selected, being slightly above the
maximum specified operating voltage of 132 VAC. Diode bridge BR1 rectifies the AC line
voltage with capacitor C4 providing a low impedance path (decoupling) for the primary
switching current.

EMI filtering is provided by inductor L1, and capacitors C2, C4 and CY1. Resistors R2
and R24 across L1, and L3 respectively damp any LC resonances due to the filter
components and the AC line impedance which would otherwise cause increased
conducted EMI measurements.

4.2 LYTSwitch-4 Primary

One side of the transformer (T1) is connected to the DC bus and the other to the DRAIN
(D) pin of the LYTSwitch-4 via blocking diode D4. During the on-time of the power
MOSFET, current ramps through the primary, storing energy which is then delivered to
the output during the power MOSFET off-time.

To provide peak line voltage information to U1 the incoming rectified AC peak charges
C6 via D2. This is then fed into the VOLTAGE MONITOR (V) pin of U1 as a current via
R10. Resistor R9 provides a discharge path for C6 with a time constant much longer than
that of the rectified AC to prevent the V pin current being modulated at the line frequency
(which would degrade power factor).

The line overvoltage shutdown function extends the rectified line voltage withstand
(during surges and line swells) to the 650 BVpss rating of the internal power MOSFET.

The V pin current and the FEEDBACK (FB) pin current are used internally to control the
average output LED current. For phase angle dimming applications a 49.9 kQ resistor is
used on the REFERENCE (R) pin (R14) and 2 MQ (R10) on the V pin to provide a linear
relationship between input voltage and the output current. This maximizes the dimming
range when used with TRIAC dimmers.

Power Integrations E
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During the power MOSFET off-time, D3, R15, and C7 clamp the drain voltage to a safe
level due to the effects of leakage inductance. Diode D4 is necessary to prevent reverse
current from flowing through U1 while the voltage across C4 (rectified input AC) falls to
below the reflected output voltage (parameter Vorin the design spreadsheet).

D6, C5, C9, R20 and R19 generate a primary bias supply for U1 from an auxiliary
winding on the transformer. Resistor R20 provides filtering so that the bias voltage tracks
the output voltage closely to maintain constant output current with changes in LED
voltage. Resistor R19 discharges C9 during output short-circuit condition.

Capacitor C8 provides local decoupling for the BYPASS (BP) pin of U1 which is the
supply pin for the internal controller. During start-up, C8 is charged to ~6 V from an
internal high-voltage current source connected to the D pin. Once charged, U1 starts
switching at which point the operating supply current is provided from the bias supply via
R17.

The use of an external bias supply (via D5 and R17) is recommended to give the lowest
device dissipation and provide sufficient supply to U1 during deep dimming condition.

Capacitor C8 also selects the output power mode, 47 uF was selected (reduced power
mode) to minimize the device dissipation and minimize heat sinking requirements.

4.3 Feedback

The bias winding voltage is used to sense the output voltage indirectly, eliminating
secondary side feedback components. The voltage on the bias winding is proportional to
the output voltage (set by the turn ratio between the bias and secondary windings).
Resistor R18 converts the bias voltage into a current which is fed into the FB pin of U1.
The internal engine within U1 combines the FB pin current, the V pin current, and internal
drain current information to provide a constant output current whilst maintaining high
input power factor.

4.4 Disconnected Load Protection

In case of open (disconnected) load fault, Zener diode VR4 will conduct turning on
transistor Q2. Transistor Q2 then pulls down the FB pin to force the IC into auto-restart
mode. The controller annunciates both short-circuit and open-loop conditions once the
FB pin current falls below the Irgar) threshold after the soft-start period. To minimize the
power dissipation under this fault condition, the shutdown/auto-restart circuit turns the
power supply on (same as the soft-start period) and off at an auto-restart duty cycle of
typically DCar for as long as the fault condition persists. If the fault is removed during the
auto-restart off-time, the power supply will remain in auto-restart until the full off-time
count is completed.

4.5 Output Rectification

The transformer secondary winding is rectified by D7 and filtered by capacitors C11 and
C12. For designs where lower ripple is required, the output capacitance value can be
increased.

E Power Integrations, Inc.
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4.6 TRIAC Phase Dimming Control Compatibility

The requirement to provide output dimming with low cost, TRIAC based, leading edge
phase dimmers introduced a number of tradeoffs in the design.

Due to the much lower power consumed by LED based lighting the current drawn by the
lamp can fall below the holding current of the TRIAC within the dimmer. This causes
undesirable behavior such as the lamp turning off before the end of the dimmer control
range and/or flickering as the TRIAC fires inconsistently. The relatively large impedance
the LED lamp presents to the line allows significant ringing to occur due to the inrush
current charging the input capacitance when the TRIAC turns on. This too can cause
similar undesirable behavior as the ringing may cause the TRIAC current to fall to zero.

To overcome these issues, active damper and passive bleeder circuits were added. The
drawback of these circuits is increased dissipation and therefore reduced efficiency of the
supply. For non-dimming applications these components can simply be omitted.

The active damper consists of components R6, R28, R29, D10, Q1, Q3, C3, VR5, in
conjunction with R8. This circuit limits the inrush current that flows to charge input
capacitors C2 and C4 when the TRIAC turns on by placing resistor R8 in series for the
first ~0.5 ms of the conduction period. After approximately 0.5 ms, transistor Q1 turns on
and shorts resistor R8. This keeps the power dissipation on R8 low and allows a larger
value during current limiting. Resistors R6, R29, and capacitor C3 provide the 0.5 ms
delay after the TRIAC conducts. Transistor Q3 discharges capacitor C3 when the TRIAC
is not conducting; VR5 clamps the gate voltage of Q1 to 15 V while R28 prevents
MOSFET oscillation.

The passive bleeder circuit is comprised of C1 and R1. This keeps the input current
above the TRIAC holding current while the driver input current increases during each AC
half-cycle preventing the TRIAC switch from oscillating at the start (and end) of each
conduction angle period.

Want More?

Use your smartphone to get
related content on our website.
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Figure 6 — Bottom Side.
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6 Bill of Materials

Item | Qty | Ref Des | Description Mfg Part Number Mfg

1 1 BR1 1000 V, 0.8 A, Bridge Rectifier, SMD, MBS-1, 4-SOIC B10S-G Comchip

2 1 C1 220 nF, 250 V, Film ECQ-E2224KF Panasonic

3 1 Cc2 100 nF, 250 V, Film ECQ-E2104KB Panasonic

4 2 C3C14 | 10 nF 50V, Ceramic, X7R, 0603 C0603C103K5RACTU Kemet

5 1 C4 180 nF, 250 V, Film ECQ-E2184KB Panasonic

6 1 C5 100 nF, 50 V, Ceramic, X7R, 0805 CCO0805KRX7R9BB104 Yageo

7 1 Cé 2.2 uF, 400 V, Electrolytic, (6.3 x 11) TAB2GM2R2E110 Ltec

8 1 c7 2.2 nF, 630 V, Ceramic, X7R, 1206 C3216X7R2J222K TDK

9 1 C8 47 uF, 16 V, X5R, 1206 3216X5R1C476M TDK

10 1 co (566:5)':151(; V, Electrolytic, Very Low ESR, 140 mQ, EKZE500ELL560MF11D Nippogoihemi-
11 | 2 | c11c12 | 330 uF, 63V, Electrolytic, (10 x 20) EKMG630ELL331MJ20s | United Chemi-
12 1 C13 100 pF, 200 V, Ceramic, COG, 0805 08052A101JAT2A AVX

13 1 C15 100 nF 50 V, Ceramic, X7R, 0603 C1608X7R1H104K TDK

14 1 CY1 470 pF, 250 VAC, Film, X1Y1 CD95-B2GA471KYNS TDK

15 2 D2D9 | 400V, 1A, DIODE SUP FAST 1 A PWRDI 123 DFLU1400-7 Diodes, Inc.
16 1 D3 DIODE ULTRA FAST, SW 600 V, 1 A, SMA US1J-13-F Diodes, Inc.
17 1 D4 DIODE ULTRA FAST, SW, 200V, 1 A, SMA US1D-13-F Diodes, Inc.
18 1 D5 75V, 0.15 A, Switching, SOD-323 BAV16WS-7-F Diodes, Inc.
19| 3 D§1%8 250V, 0.2 A, Fast Switching, 50 ns, SOD-323 BAV21WS-7-F Diodes, Inc.
20 1 D7 200V, 8 A, Ultrafast Recovery, 25 ns, TO-220AC BYW29-200G On Semi
21 1 F1 5 A, 250 V, Fast, Microfuse, Axial 0263005.MXL Littlefuse
29 1 L1 Bobbin, RM6, Vertical, 6 pins B65808-N1006-D1 Epgos

Inductor SNX-R1684 Santronics-USA

23 1 L3 5 mH, 0.5 A, Common Mode Choke Vertical SU9VF-05050 Tokin
24 1 Q1 400V, 3.1 A, N-Channel, TO-251AA IRFU320PBF Vishay/Siliconix
25 1 Q2 NPN, Small Signal BJT, 40 V, 0.2 A, SOT-23 MMBT3904LT1G On Semi
26 1 Q3 PNP, Small Signal BJT, 40 V, 0.2 A, SOT-23 MMBT3906LT1G On Semi
27 1 R1 510 Q, 5%, 1 W, Thick Film, 2512 ERJ-1TYJ511U Panasonic
28 1 R2 12 kQ, 5%, 1/8 W, Thick Film, 0805 ERJ-6GEYJ123V Panasonic
29 1 R6 1.5 MQ, 5%, 1/4 W, Thick Film, 1206 ERJ-8GEYJ155V Panasonic
30 1 R8 100 Q, 5%, 2 W, Metal Oxide RSMF2JT100R Stackpole
31 1 R9 510 kQ, 5%, 1/8 W, Thick Film, 0805 ERJ-6GEYJ514V Panasonic
32 1 R10 2.00 MQ, 1%, 1/4 W, Thick Film, 1206 ERJ-8ENF2004V Panasonic
33 1 R14 49.9 kQ, 1%, 1/16 W, Thick Film, 0603 ERJ-3EKF4992V Panasonic
34 1 R15 200 kQ, 5%, 1/4 W, Thick Film, 1206 ERJ-8GEYJ204V Panasonic
35 1 R17 3 kQ, 5%, 1/4 W, Thick Film, 1206 ERJ-8GEYJ302V Panasonic
36 1 R18 196 kQ, 1%, 1/16 W, Thick Film, 0603 ERJ-3EKF1963V Panasonic
37 1 R19 20 kQ, 5%, 1/8 W, Thick Film, 0805 ERJ-6GEYJ203V Panasonic
38 1 R20 39 Q, 5%, 1/8 W, Thick Film, 0805 ERJ-6GEYJ390V Panasonic
39 1 R22 1kQ, 5%, 1/10 W, Thick Film, 0603 ERJ-3GEYJ102V Panasonic
40 1 R23 20 kQ, 5%, 1/4 W, Thick Film, 1206 ERJ-8GEYJ203V Panasonic
41 1 R24 47 kQ, 5%, 1/4 W, Thick Film, 1206 ERJ-8GEYJ473V Panasonic
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42 1 R26 30 Q, 5%, 1/4 W, Thick Film, 1206 ERJ-8GEYJ300V Panasonic
43 1 R27 10 Q, 5%, 1/10 W, Thick Film, 0603 ERJ-3GEYJ100V Panasonic
44 1 R28 15 Q, 5%, 1/8 W, Thick Film, 0805 ERJ-6GEYJ150V Panasonic
45 1 R29 2.4 MQ, 5%, 1/8 W, Thick Film, 0805 ERJ-6GEYJ245V Panasonic
46 1 RV1 140V, 12 J, 7 mm, RADIAL V140LA2P Littlefuse
47 1 T Bobbin, RM8, Vertical, 12 pins RM8/12/1 Schwaﬁzpunkt
Transformer SNX-R1670 Santronics-USA
48 1 U1 LYTSwitch-4, eSIP-7C LYT4317E Ints;r";’tei;ns
49 1 VR4 33V, 5%, 200 mW, SOD-323 MMSZz5257BS-7-F Diodes, Inc.
50 1 VR5 15V, 5%, 500 mW, DO-35 1N5245B-T Diodes, Inc.

| o
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7 Transformer Specification

7.1 Electrical Diagram

wi 120
Primary
31T
#26 AWG
1 [ J
FL1
[ J
1T - #22 TIW W2
Output
FL2
10
()
w3 8T
Bias 2x #28
AWG
11

Figure 7 — Transformer Electrical Diagram.

7.2 Electrical Specifications

Electrical Strength 1 second, 60 Hz, from pins 1, 10, 11, 12 to FL1, FL2. 3000 VAC

. Pins 1 and 12, all other windings open, measured at 10
Primary Inductance KHZ, 0.4 Veys, 387 uH +7%
Resonant Frequency Pins 1 -12, all other windings open. 750 kHz (Min.)
Primary Leakage Pins 1-12, with FL1-FL2 shorted, measured at 132 kHz, <10 uH
Inductance 0.4 Vgrus. i

7.3 Materials

Item Description
[1] Core: RM8/I, 3F3.
2] Bobbin, 12 pin vertical, CSV-RM8-1S-12P from Philips or equivalent.
With mounting clip, CLI/P-RM8.
[3] Tape, Polyester film, 3M 1350F-1 or equivalent, 9 mm wide.
[4] Wire: Magnet, #26 AWG, solderable double coated.
[5] Wire: Magnet, #28 AWG, solderable double coated.
[6] Wire, Triple Insulated, Furukawa TEX-E or Equivalent, #22 TIW.
[7] Transformer Varnish, Dolph BC-359 or equivalent.

Power Integrations E
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7.4 Transformer Build Diagram
] ] 3L Tape
WS3 - Finish (P11) _ 1L Tape
W3 - Start (P10) ——@) () OCOOOO00)
1L Tape
W2 - Finish (FL2) O>
W2 - Start (FL1) . 0000000000000
1L Tape
W1 - Finish (P12) QQQQQQQQQQQQQQ} 1L Tape
w1 -start (P1)— - —@)( OO

Figure 8 — Transformer Build Diagram.

7.5 Transformer Construction

Bobbin Place the bobbin item [2] on the mandrel such that pin side on the left side. Winding
Preparation direction is the clockwise direction.

WDG 1 Starting at pin 1, wind 31 turns of wire item [4] in two layers. Apply one layer of tape
(Primary) item [3] between 1% and 2™ layer (spread the winding evenly). Finish at pin 12.
Insulation Apply one layer of tape item [3].

WDG 2 Leave about 1” of wire item [6], use small tape to mark as FL1, enter into slot of

(Secondary) secondary side of bobbin, wind 11 turns in one layer. At the last turn exit the same
y slot, leave about 1”, and mark as FL2.
Insulation Apply one layer of tape item [3].
WDG 3 (Bias) :tte;;tr:n191at pin 10, wind bifilar 8 turns of wire item [5], spreading the wire, and finish
Finish Wrap Apply three layers of tape item [3] for finish wrap.
Final Assembly Cut FL1 and FL2 to 0.75”. Grind core to_ get 387 uH |n.ductanc_e. .
Assemble and secure core halves. Dip impregnate using varnish item [7].

| o

Power Integrations, Inc.
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DER-350 20 W PAR38 Dimmable LED Driver Using LYT4317E

8 Transformer Design Spreadsheet

Fg\?::BLg?)‘;:;:t_ e INPUT INFO  |oUTPUT UNIT .LrYTS‘”'tCh—m"?z: ABERE:
Integrations 2012 ransformer Design Spreadsheet
[ENTER APPLICATION VARIABLES
Dimming required ves Yes Fequired. Othenuise seloot NO
VACMIN 90 v/ Minimum AC Input Voltage
VACMAX 132 \V/ Maximum AC input voltage
fL 60 Hz IAC Mains Frequency
O 36.00 26 \/ ;Il'}l/lplicc)::ldoutput voltage of LED string at
VO_MAX 39.00 39.00 \V/ Maximum expected LED string Voltage.
VO_MIN 33.00 33.00 \V/ Minimum expected LED string Voltage.
V_OVP 42.90 \V Over-voltage protection setpoint
10 |0.55 0.55 A Typical full load LED current
PO 19.8 W Output Power
n |0.85 0.85 Estimated efficiency of operation
VB 25 \V/ Bias Voltage
|ENTER LYTSwitch VARIABLES
[LYTswitch LYT4317 LYT4317 Selected LYTSwitch
Select "RED" for reduced Current Limit
Current Limit Mode RED RED mode or "FULL" for Full current limit
mode
ILIMITMIN 2.35 A Minimum current limit
ILIMITMAX 2.73 A Maximum current limit
fS 132000 Hz Switching Frequency
fSmin 124000 Hz Minimum Switching Frequency
fSmax 140000 Hz Maximum Switching Frequency
\% 79.8 UA V pin current
RV 2 M-ohms [Upper V pin resistor
RV2 1E+012 M-ohms [Lower V pin resistor
IFB |133.00 133.0 UA FB pin current (85 uA < IFB < 210 uA)
RFB1 165.4 k-ohms [FB pin resistor
VDS 10 \/ I\_/Z;[:gv;tch on-state Drain to Source
Output Winding Diode Forward Voltage
VD 0.50 \V/ Drop (0.5 V for Schottky and 0.8 V for
PN diode)
DB .70 \/ girispWinding Diode Forward Voltage
|Key Design Parameters
Ripple to Peak Current Ratio (For PF >
KP 0.97 0.97 0.0, 0.4 < Kb < 0.9) (
LP 389 uH Primary Inductance
VOR [102.00 102 v Reflected Output Voltage.
Expected |O (average) 0.55 A Expected Average Output Current
KP_VACMAX 1.08 Expected ripple current ratio at VACMAX
TON_MIN 183 s \l)/loilr:;ng;:m on time at maximum AC input
PCLAMP 0.16 W Estimated dissipation in primary clamp
JENTER TRANSFORMER CORE/CONSTRUCTION VARIABLES
Core Type [RmaiI [Rmsi
Bobbin |RM8/I_BOBBIN P/N: *
IAE 0.63 cm”2 Core Effective Cross Sectional Area
LE 3.84 cm Core Effective Path Length
AL 3000 nH/T*2 |Ungapped Core Effective Inductance
BW 8.6 mm Bobbin Physical Winding Width
M 0 mm Safety Margin Width (Half the Primary to

Page 17 of 56
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Secondary Creepage Distance)

L 1.50 1.5 Number of Primary Layers
NS 11 11 Number of Secondary Turns
IDC INPUT VOLTAGE PARAMETERS
VMIN 127 \V Peak input voltage at VACMIN
VMAX 187 vV Peak input voltage at VACMAX
CURRENT WAVEFORM SHAPE PARAMETERS
DMAX 0.47 Minimum duty cycle at peak of VACMIN
IAVG 0.25 IAverage Primary Current
P 1.29 A Peak Primary Current (calculated at
) minimum input voltage VACMIN)
Primary RMS Current (calculated at
IRMS 0-39 A minimum input voltage VACMIN)
TRANSFORMER PRIMARY DESIGN PARAMETERS
LP 389 uH Primary Inductance
LP_TOL 10 Tolerance of primary inductance
NP 31 Primary Winding Number of Turns
NB 8 Bias Winding Number of Turns
IALG 412 nH/TA2 |Gapped Core Effective Inductance
Maximum Flux Density at PO, VMIN
BM 2586 Gauss (BM<3100)
BP 3081 Gauss Peak Flux Density (BP<3700)
IAC Flux Density for Core Loss Curves
BAC 1254 Gauss |6 5 X Peak to Peak)
ur 1455 Relative Permeability of Ungapped Core
LG 0.17 mm Gap Length (Lg > 0.1 mm)
BWE 12.9 mm Effective Bobbin Width
oD .42 m .Maxm?um. Prlma.ry Wire Diameter
including insulation
INS .06 m Es;tn.”nated. Total Insulation Thickness (=
2 * film thickness)
DIA 0.36 mm Bare conductor diameter
Primary Wire Gauge (Rounded to next
AWG 28 AWG smaller standard AWG value)
cM 161 Cmils ieiilrse conductor effective area in circular
Cmils/Am [Primary Winding Current Capacity (200
CMA 416 b < CMA < 600)

TRANSFORMER SECONDARY DESIGN PARAMETERS (SINGLE OUTPUT EQUIVALENT)

JLumped parameters

ISP 3.59 A Peak Secondary Current
ISRMS 1.07 A Secondary RMS Current
IRIPPLE 0.92 A Output Capacitor RMS Ripple Current
cMS 514 Crmils S_econdary Bare Conductor minimum
circular mils
Secondary Wire Gauge (Rounded up to
AWGS 26 AWG next larger standard AWG value)
DIAS 0.41 m Sc_econdary Minimum Bare Conductor
Diameter
Secondary Maximum Outside Diameter
ODS 0.78 mm for Triple Insulated Wire
VOLTAGE STRESS PARAMETERS
Estimated Maximum Drain Voltage
VDRAIN 394 \V/ assuming maximum LED string voltage
(Includes Effect of Leakage Inductance)
Output Rectifier Maximum Peak Inverse
PIVS 110 \V/ \Voltage (calculated at VOVP, excludes
leakage inductance spike)
PIVB 77 \/ Bias Rectifier Maximum Peak Inverse

\Voltage (calculated at VOVP, excludes

Power Integrations, Inc.
Tel: +1 408 414 9200 Fax: +1 408 414 9201
www.powerint.com
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DER-350 20 W PAR38 Dimmable LED Driver Using LYT4317E

|Ieakage inductance spike)

|[FINE TUNING (Enter measured values from prototype)

V pin Resistor Fine Tuning

RV1 2.00 M-ohms [Upper V Pin Resistor Value

RV2 1E+012 M-ohms [Lower V Pin Resistor Value

VAC1 115.0 \V/ Test Input Voltage Condition1

VAC2 230.0 \V/ Test Input Voltage Condition2

1I0_VAC1 0.55 A Measured Output Current at VAC1

10_VAC2 0.55 A Measured Output Current at VAC2

RV1 (new) 2.00 M-ohms [New RV1

RV2 (new) 10455.82 M-ohms |New RV2

\ OV 161.1 \/ Typical AC ipput vgltage at which OV
- shutdown will be triggered

v UV 345 \/ Typical AC input voltage beyond which
— power supply can startup

IFB pin resistor Fine Tuning

RFB1 165 k-ohms [Upper FB Pin Resistor Value

RFB2 1E+012 k-ohms [Lower FB Pin Resistor Value

VB 1 22.9 \V/ Test Bias Voltage Condition1

VB2 27 .1 \V/ Test Bias Voltage Condition2

101 0.55 A Measured Output Current at Vb1

102 0.55 A Measured Output Current at Vb2

RFB1 (new) 165.4 k-ohms [New RFB1

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

Page 19 of 56
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9 L1 Inductor Specification

9.1 Electrical Diagram

4 o

2507
#32 AWG

5 [ ]

Figure 9 — Inductor Electrical Diagram.

9.2 Electrical Specifications

. Pins 4-5, all other windings open, measured at
Primary Inductance 100 kHz, 0.4 Vrys. 2 mH £5%
Resonant Frequency Pins 4-5, all other windings open. 750 kHz (Min.)

9.3 Materials

Item

Description

[1]

Core: RM6, TDK - PC40. ALG=32nH/n".

[2]

Bobbin: RM6-V 6 pins (3/3), Pl#: 25-00039-00.

[3]

Clip: AllStar Magnetic, #: CLI-RM6/I; or equivalent.

[4]

Tape: Polyester film, 3M 1350F-1; or equivalent, 6.4 mm wide.

[5]

Wire: Magnet, #32 AWG, solderable double coated.

[6]

Varnish: Dolph BC-359 or equivalent.

| o

Power Integrations, Inc.
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9.4 Inductor Build Diagram

4 0000000000

250T - #32 AWG 00000000000

5 — @

Figure 10 — Inductor Build Diagram.

2

9.5 Inductor Construction

Place bobbin item [2] on the mandrel such that pin side is on the left side.
Bobbin Preparation | Winding direction is the clockwise direction.
Note: pin 1 side has V notch on the top of bobbin.

Start pin 5, wind 250 turns of wire item [5] from left to right then form right to left

Winding in 10 layers, at the last turn finish at pin 4.
Apply 1 layer of tape item [4] to secure the winding.
Finish Grind both core halves to get 2.0 mH and assemble with clip item [3].

Cut pins: 2 and 3.
Varnish item [6].

Power Integrations E
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10 U1 Heat Sink Assembly

10.1 U1 Heat Sink Fabrication Drawing
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Figure 11 — Heat Sink Fabrication Drawing.
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10.2 U1 Heat Sink Assembly Drawing
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Figure 12 — U1 Heat Sink Assembly Drawing.
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10.3 U1 and Heat Sink Assembly Drawing
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11 Performance Data

All measurements performed at room temperature using an LED load. The table in
Section 11.6 shows complete test data values.

11.1 Efficiency
88

=+=11LED
===12 LED
=4=13 LED

87 1

85 1

Efficiency (%)

84 1

82 v r v r " " ' ' ' '
85 90 95 100 105 110 115 120 125 130 135 140

Input Voltage (VAC)
Figure 14 — Efficiency vs. Line.
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11.2 Line and Load Regulation
630

==11 LED
=m=12 LED

570

540 4

510 1

Output Current (mA)

480

450 1

420 ' v " " ' ' T " " r
85 90 95 100 105 110 115 120 125 130 135 140

Input Voltage (VAC)

Figure 15 — Regulation vs. Line and Load.
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11.3 Power Factor

0.995 .
=11 LED
=m=12 LED
=13 LED

0.990

0.985

| &5
i)
(&)
(1+]
L 0.080

o

S

o

o

0.975 \
N

0.970 e

0.965

85 100 105 110 115 120 130 135
Input Voltage (VAC)

Figure 16 — Power Factor vs. Line and Load.
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11.4 A-THD
26 I
-p=11 LED
o4 =B=12 LED ]
=213 LED
22 /;‘
il
/d
20
)
(m]
T 18
iy
<
16 s
14
12
10

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

Figure 17 — A-THD vs. Line and Load.
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11.5 Harmonic Currents

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.

11.5.1 11 LED Load

160

m Class C (D) Limit
150 + mmA Content

140 »
130 1
120 +o
110 »
100 1
90 1
80 1
70 1
60 1
50 1
40 1
30 1
20
10 »

0 o

Harmonic Current (mA)

3 5 7 9 11 13 15 17 19 21 23 25 27 29 31 33 35 37 39
Harmonic Number (n)

Figure 18 — 11 LED Load Input Current Harmonics (IEC61000-3-2) at 120 VAC, 60 Hz.
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11.5.212 LED Load

170
m Class C (D) Limit
160 + @mA Content

150 1

Harmonic Curre
\'
o

3 5 7 9 11 13 15 17 19 21 23 25 27 29 31 33 35 37 39
Harmonic Number (n)
Figure 19 — 12 LED Load Input Current Harmonics case (IEC61000-3-2) at 120 VAC, 60 Hz.
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11.5.3 13 LED Load

190 Cl C(D)L

m Class imit
180 @mA Content
170

160 1
150
A140 "

Harmonic Curren
N
o

3 5 7 9 11 13 156 17 19 21 23 25 27 29 31 33 35 37 39

Harmonic Number (n)
Figure 20 — 13 LED Load Input Current Harmonics (IEC61000-3-2) at 120 VAC, 60 Hz.
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11.6 Test Data

All measurements were taken with the board at open frame, 25 °C ambient, and 60 Hz
line frequency.

11.6.1 Test Data, 11 LED Load

Input Measurement Load Measurement Calculation
VIN IIN PIN VOUT IOUT POUT PCAL Efficiency Loss
PF | %ATHD
(Vrws) | (MAgus) [ (W) ° (Voc) | (mAc) [ (W) | (W) (%) (W)

90.04 | 213.30 | 18.944 |1 0.986 | 16.09 | 33.56 | 467.90 | 15.76 | 15.70 83.20 3.18
100.01 | 202.56 | 19.904 | 0.983 | 17.93 | 33.65|] 495.89 | 16.75 | 16.69 84.15 3.16
110.07 | 195.64 | 21.086 | 0.979| 19.14 | 33.76 | 528.03 | 17.90 | 17.82 84.87 3.19
120.05 | 187.84 | 22.004 | 0.976 | 20.12 | 33.83 | 553.86 | 18.81 | 18.74 85.49 3.19
132.08 | 180.56 | 23.136 | 0.970 | 21.96 | 33.92 | 584.33 | 19.90 | 19.82 86.03 3.23

11.6.2 Test Data, 12 LED Load

Input Measurement Load Measurement Calculation

Vin In Pin Vour lour Pour | Pca. | Efficiency | Loss
PF %ATHD
(Vrms) | (MAgus) (W) ° (Voc) | (mApc) | (W) (W) (%) (W)

90.03 | 229.36 | 20.401]0.988 | 15.20 | 36.30 | 466.32 | 16.99 | 16.93 83.26 3.42
100.01 | 218.20 | 21.456 | 0.983 | 17.76 | 36.43 | 494.09 | 18.06 | 18.00 84.18 3.40
110.07 | 210.62 | 22.723 |1 0.980 | 18.94 | 36.56 | 526.19 | 19.31 | 19.24 84.97 3.42
120.05 | 202.30 | 23.726 | 0.977 | 19.96 | 36.65 | 552.30 | 20.32 | 20.24 85.63 3.41
132.08 | 194.00 | 24.923 | 0.973 | 21.23 | 36.76 | 582.69 | 21.50 | 21.42 86.25 3.43

11.6.3 Test Data, 13 LED Load
Input Measurement Load Measurement Calculation

V|N IIN P|N VOUT IOUT PQUT PCAL EffiCiency Loss
(Vrms) | (MAgws) (W) (Voc) | (mApc) | (W) (W) (%) (W)

90.03 | 246.50 | 21.967 | 0.990 | 13.95 | 39.21 | 464.64 | 18.27 | 18.22 83.17 3.70
100.00 | 234.86 | 23.117 |1 0.984 | 17.37 | 39.36 | 492.59 | 19.44 | 19.39 84.11 3.67
110.06 | 226.53 | 24.460 | 0.981 18.73 | 39.50 | 524.39 | 20.78 | 20.72 84.95 3.68
120.04 | 217.61 | 25.547 | 0.978 | 19.82 | 39.61 | 550.75 | 21.89 | 21.82 85.67 3.66
132.07 | 208.34 | 26.822 | 0.975| 20.65 | 39.72 | 581.26 | 23.16 | 23.09 86.35 3.66

PF | %ATHD
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11.6.4 120 VAC 60 Hz, 11 LED Load Harmonics Data

Current Harmonics Limits for IEC61000-3-2

\" Freq I (mA) P PF %THD
120 60.00 187.84 | 22.0040 | 0.9758 20.12
nth mA % Limit Limit Remarks

Order | Content | Content | <25W >25 W

1 183.99

2 0.04 0.02% 2.00%

3 33.44 18.17% | 149.6272 | 29.27% Pass

5 13.81 7.51% 83.6152 | 10.00% Pass

7 4.99 2.71% 44.0080 | 7.00% Pass

9 2.76 1.50% 22.0040 | 5.00% Pass
11 2.19 1.19% 15.4028 | 3.00% Pass
13 2.63 1.43% 13.0331 | 3.00% Pass
15 1.82 0.99% 11.2954 | 3.00% Pass
17 2.08 1.13% 9.9665 3.00% Pass
19 1.62 0.88% 8.9174 3.00% Pass
21 1.30 0.71% 8.0681 3.00% Pass
23 1.06 0.58% 7.3666 3.00% Pass
25 0.28 0.15% 6.7772 3.00% Pass
27 0.12 0.07% 6.2752 3.00% Pass
29 0.54 0.29% 5.8424 3.00% Pass
31 0.56 0.30% 5.4655 3.00% Pass
33 0.67 0.36% 5.1343 3.00% Pass
35 0.61 0.33% 4.8409 3.00% Pass
37 0.28 0.15% 4.5792 3.00% Pass
39 0.28 0.15% 4.3444 3.00% Pass
41 0.34 0.18%

43 0.33 0.18%
45 0.40 0.22%
47 0.34 0.18%
49 0.19 0.10%
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11.6.5120 VAC 60 Hz, 12 LED Load Harmonics Data

Current Harmonics Limits for IEC61000-3-2

\" Freq I (mA) P PF %THD
120 60.00 202.30 | 23.7260 | 0.9769 19.96
nth mA % Limit Limit Remarks

Order | Content | Content | <25W >25 W

1 198.22

2 0.03 0.02% 2.00%

3 35.84 18.08% | 161.3368 | 29.31% Pass

5 14.56 7.35% 90.1588 | 10.00% Pass

7 5.20 2.62% 47.4520 | 7.00% Pass

9 2.94 1.48% 23.7260 | 5.00% Pass
11 2.44 1.23% 16.6082 | 3.00% Pass
13 2.81 1.42% 14.0531 | 3.00% Pass
15 2.06 1.04% 12.1793 | 3.00% Pass
17 2.35 1.19% 10.7465 | 3.00% Pass
19 1.86 0.94% 9.6153 3.00% Pass
21 1.43 0.72% 8.6995 3.00% Pass
23 1.03 0.52% 7.9431 3.00% Pass
25 0.12 0.06% 7.3076 3.00% Pass
27 0.14 0.07% 6.7663 3.00% Pass
29 0.71 0.36% 6.2997 3.00% Pass
31 0.62 0.31% 5.8932 3.00% Pass
33 0.71 0.36% 5.5361 3.00% Pass
35 0.62 0.31% 5.2197 3.00% Pass
37 0.27 0.14% 4.9376 3.00% Pass
39 0.28 0.14% 4.6844 3.00% Pass
41 0.35 0.18%

43 0.36 0.18%
45 0.49 0.25%
47 0.43 0.22%
49 0.27 0.14%
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11.6.6 120 VAC 60 Hz, 13 LED Load Harmonics Data

Current Harmonics Limits for IEC61000-3-2

\" Freq I (mA) P PF %THD
120 60.00 217.61 25.5470 | 0.9780 19.82
nth mA % Limit Limit Remarks

Order | Content | Content | <25W >25 W

1 213.26

2 0.05 0.02% 2.00%

3 38.35 17.98% | 173.7196 | 29.34% Pass

5 15.40 7.22% 97.0786 | 10.00% Pass

7 543 2.55% 51.0940 | 7.00% Pass

9 3.09 1.45% 25.5470 | 5.00% Pass
11 2.69 1.26% 17.8829 | 3.00% Pass
13 3.00 1.41% 15.1317 | 3.00% Pass
15 2.20 1.03% 13.1141 | 3.00% Pass
17 2.49 1.17% 11.5713 | 3.00% Pass
19 1.93 0.90% 10.3533 | 3.00% Pass
21 1.45 0.68% 9.3672 3.00% Pass
23 1.02 0.48% 8.5527 3.00% Pass
25 0.19 0.09% 7.8685 3.00% Pass
27 0.19 0.09% 7.2856 3.00% Pass
29 0.78 0.37% 6.7832 3.00% Pass
31 0.73 0.34% 6.3455 3.00% Pass
33 0.86 0.40% 5.9610 3.00% Pass
35 0.55 0.26% 5.6203 3.00% Pass
37 0.83 0.39% 5.3165 3.00% Pass
39 0.85 0.40% 5.0439 3.00% Pass
41 0.52 0.24%

43 0.61 0.29%
45 0.68 0.32%
47 0.68 0.32%
49 0.42 0.20%
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12 Dimming Performance Data

TRIAC dimming results were taken at an input voltage of 120 VAC, 60 Hz line frequency,
room temperature, and a nominal 36 V LED load.

The output current High Limit loyt (Max) and Low Limit loyr (Min) were incorporated
based on the USA NEMA publication SSL6-2010 section 4 page 9 for dimming
performance system requirements for reference. The standard however refers to 120
VAC operating input voltage and pertains to the limits as relative light output. The limits
incorporated on the succeeding graphs assumes that 100% relative light output falls on
the maximum operating output current of 550 mA and 0 mA as 0% light output, and input
line of 120 VAC, 60 Hz.

12.1 Dimming Curve with Simulated (Using Agilent 6812B AC Source) Leading
Edge Dimmer

100

= = NEMA Limits (Max) 7

90 | e= Qutput Current (0-180) ,/ L2
e Qutput Current (180-0) / -

== NEMA Limits (Min) v Y

80 1

70 »

60 1

50 1

40 »

30 1

Relative Output Current (%)

20 1

10 »

80 100 120 140 160 180
Phase Angle (°)

Figure 21 — Dimming Curve at 120 VAC, 60 Hz Input.
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12.2 Fast Start-up (<200 ms) with TRIAC-Based Dimmer

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

Input voltage: 120 VAC / 60 Hz

i i

Measure PLmMS(C2 PZmax(C2) PRmMs(C3) P4mean(C3) PSpKp(C3) PEMS(C1)  Measure P1ms(C) P2:max(C2) PIms(C3) Pamean(C3) PS:RkpK(C3) PEmMS(CT)
value 813 my 20516 mA 29114 mA 167 my a2 mv 337.84 mA 23258 mA

status K R v v 4 v % %

100 mAdiv)
B Edge  Posiiive)
K= 181560 ms = -183.9975ms
X2= -1658415ms 1= -5.43486 Hz

LeCroy 12102012 6:49.13PM LeCroy 121102012 6:50;32 PM

¥2= -95887ms 1/8¢= -B76094 Hz

Figure 22 — Measured Start-up Time 114 ms. Figure 23 — Measured Start-up Time 184 ms.
Flicking the Switch ON, Dimmer at Full Quickly Sliding the Knob from Minimum
Conduction. to Full Conduction.

Upper: lout, 100 mA / div. Upper: lout, 100 mA / div.
Lower: Iy, 500 mA, 50 ms / div. Lower: Iy, 500 mA, 50 ms / div.

Power Integrations E
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12.3 Pop-on Point with TRIAC-based Dimmer

Pop-on per NEMA SSL-6 definition is lowest dimmer setting above minimum at which the
lamp transitions from off to dimmed.

This particular test was conducted using 120 V / 60 Hz TRIAC dimmer model S-600P-
WH (Lutron U.S. dimmer).

File Vertical Timebase Trigger Displ: asure Mah Analysis Utiities Help

r Y
T [
Measure PlrmsiCd) P2max(C3) P3rms(C3) Pd:mean(CH PSpkpk{C3) PEms(CT
valug =B13my H.75mA 2937 mA
. status k3 i % %
IO Min 54 mA :
2= 2728185 1= -351 836mHz
e J —
LeCroy 1211012012 6:34:00 PM

Figure 24 — 35° Conduction Angle was Measured at Figure 25 — 35° Conduction Angle at Pop-on Point.
Pop-on Point. Upper: lout, 20 mA / div.
Middle: Vour, 200 V / div.
Lower: Iy, 0.2 A/ div., 1 s/ div.
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12.4 Output Current and Input Current Waveforms with Dimmer

Input: 120 VAC, 60 Hz Utility Line
Output: 36 V LED Load
Dimmer: LUTRON GL-600WH

Analysis  Ullities  Help

i
Measure P1rms(C2) P2Zmax(C2) P3:msiC3) P4dmean(C3 P5:pkpk(C3) PBrms(C1)y
value 196.8 mv B0 My 540.87 mA 530.06 mA
status v v v v

v 0fst)
LeCroy

Figure 26 — 147° Conduction Angle.
Upper: loyt, 100 mA / div.
Lower: Iy, 200 mA, 5 ms / div.

i
Measure P1rms(C2 P2imax(C2) P3ms(CH Pamean(C3 PipkokiC3) PEms(C)
value 160 Y 128Y 293.20 mA 27357 mA
status v v v v

100 masgiv 5.00 midi] autc

-305.00 mAJ 5.00 MS 100 MSis
LeCroy Pracessing ..

Figure 27 — 90° Conduction Angle.
Upper: lout, 100 mA / div.
Lower: Iy, 500 mA, 5 ms / div.

N N

i
Measure F1ims(C2) PZmax(C2) P3:msiC3) Fdmean(C3) P5:pkpk(C3) PBms(CT)
value 138mv 135V 161.40 mA 157.08 mA
status v v v v
100 |
-305.00 rma)
LeCroy 121102012 5:5713 PM

Figure 28 — 60° Conduction Angle.
Upper: loyt, 100 mA / div.
Lower: Iy, 500 mA, 5 ms / div.

B ~ i |

i
Measure P1irms(C2) P2max(CG2) P3ms(CH Pamean(C3 PipkokiC3) PEmMs(C)
value 123 my 292 my 7707 mA 76.59 mA
status v v v v
20,0 maddiv|
-61.00 maj
LeCroy Frocessing ..

Figure 29 — 40° Conduction Angle.
Upper: lout, 20 mA / div.
Lower: |y, 500 mA, 5 ms / div.
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12.6 Compatibility List

The following U.S. TRIAC-based dimmers were tested with utility line input (~120 VAC,
60 Hz) and 36 V LED load.

Dimmer Brand | Type Part Number VRumsMiN) (:::R) VRmsMAX) (IIT'IAAX) Dim Ratio
Lutron L LG-600PH-WH 24 41 115.5 492 12
Lutron L S-603P-WH 24.5 43 116.0 497 12
Lutron L SLV600P-WH 29 62 116.7 505 8
Lutron L S-600-WH 27.5 57 118.5 530 9
Lutron L S-600PH-WH 23 40 116.1 501 13
Lutron L DVWCL-153-PLH-WH 21.8 32 114.0 484 15
Lutron L DV-603P-WH 25 48 115.6 498 10
Lutron L DV-600P-WH 24 42 115.8 498 12
Lutron L TG-600PH-WH 40 87 117.0 513 6

Q-600P-WH aka
Lutron L FA-600 19.6 18 115.0 494 28
Lutron L AY-600P-WH 42.2 91 116.5 508 6
Lutron L GL-600P-WH 28.5 61 116.0 502 8
Leviton L R62-06633-1LW 24 42 119.8 549 13
Leviton L R62-06631-1LW 13 4 117.6 520 130
Leviton L R60-1P106-1LM 43 95 119.2 542 6
Leviton E R52-06161-00W 33 60 116.3 507 8
Leviton L R52-RP106-1LW 32 50 119.9 555 11
Leviton L TGM10-1LW 16.8 12 115.0 493 41
Leviton L R02-06613-PLW 21 28 120.0 550 20
Cooper L SLCO3P-W-K-L 16 10 117.4 519 51
Lutron L GL-600-WH 31 66 118.4 533 8
Lutron L DVPDC-203P-WH 65 166 118.0 527 3
Lutron L LX-600PL-wh 29 60 118.0 525 9
Lutron L CTCL-153PDH 20 21 114.7 488 23
Lutron L S-600P 22 36 116.0 503 14
Lutron L TGLV-600P 33 70 117.0 517 7
Lutron L TGLV-600PR 32 67 117.0 512 8
Lutron L TT-300NLH-WH 40 84 119.0 540 6
Lutron L NLV-1000-WH 25 45 117.4 519 12
Lutron T 30.7 52 115.5 495 10
Lutron L 24 41 118.2 532 13
Cooper L 32 70 118.0 528 8
Lutron L S-103P-WH 32 68 116.0 503 7
Lutron L S-10P-WH 27 56 115.0 496 9
Lutron L S-600PNLH-WH 29 63 116.2 511 8
Lutron L S-603PNL-WH 31 68 116.0 508 7
Lutron L SLV-603P-WH 33 71 116.0 506 7
Lutron L AYLV-600P-WH 33 71 117.0 514 7
Lutron L AYLV-603P-WH 33.5 73 115.0 497 7
Lutron L AY-103PNL-WH 31 65 117.6 523 8
Lutron L AY-103P-WH 31 60 118.0 526 9
Lutron L AY-10PNL-WH 29 63 119.8 551 9
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Lutron L AY-10P-WH 24.5 44 117.8 528 12
Lutron L AY-603PNL-WH 34 73 114.6 493 7
Lutron L AY-603PG-WH 37 77 103.7 395 5
Lutron L AY-603P-WH 41 90 115.1 497 6
Lutron L AY-600PNL-WH 37 76 116.6 512 7
Lutron T DVELV-300P-WH 25 33 112.3 458 14
Lutron L DVLV-10P-WH 34 72 115.8 493 7
Lutron L DVLV-103P-WH 33 70 115.9 498 7
Lutron L DVLV-603P-WH 32 68 116.0 500 7
Lutron L S-1000-WH 32 67 118.6 531 8
Lutron T SELV-300P-WH 25 34 111.0 452 13
Lutron L S-600P-WH 24 41 115.6 501 12
Lutron L S-103PNL-WH 33.5 66 115.3 498 8
Lutron SPSLV-1000-WH 30 64 117.0 518 8
Lutron SPSLV-600-WH 30 64 116.7 517 8
Lutron SPSELV-600-WH 30 52 115.7 496 10
Lutron L GLV-600-WH 24 43 118.5 533 12
Lutron L LG-603PGH-WH 27 54.0 106.0 ] 408.0 8
Lutron L DVW-603PGH-WH 29 61.0 106.1 409.0 7
Leviton L VP06 26 51.0 116.9 | 510.0 10
Lutron L TG-10PR-WH 39.7 85.0 118.0 | 523.0 6
Lutron L NT-600 22.5 32.0 118.7 | 532.0 17
Lutron L NT-1000 23 38.0 118.7 | 534.0 14
Lutron L LGCL-153PLH-WH 27 56.0 114.2 | 486.0 9
Lutron L CTCL-153PDH-WH 37 75.0 115.0 | 491.0 7
Lutron L TGCL-153PH-WH 27 56.0 1145 | 491.0 9
Lutron L DVWCL-153PH-LA 38.7 81.0 114.7 ] 492.0 6
Leviton L 81000-W 38 79.0 119.3 | 538.0 7
Lutron L TTCL-100LH-WH 37 76.0 1144 | 486.0 6

Figure 30 — U.S. TRIAC-Based Dimmers Compatibility List.
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13 Thermal Performance

13.1 Thermal Measurement with PAR38 Lamp

The UUT was placed inside a PAR38 with MT-G2 lamp provided by CREE and the lamp
was screwed into a conical metal housing oriented in upside down position for worse
case position. Type-T thermo-couple wire was attached on the body of each device under
test. Temperature readings were recorded when it stabilizes after running more than one
hour with 36 V LED (MT-G2) load at the specified input voltage and load current. The
probe location for the ambient was shown on the figure below.

TP
iy &
DN

TS
N

7
WA

Figure 31 — Thermal Set-up.

13.2 90 VAC, Non-Dimming

)

[

1Bmind v =

E-“|“'ﬁ'|"“|g*"* !'wg“w

15:38 1550 1e:18 16:38

: 15229 15248 16200 16220 162
TR s | S | w2
94.5 ¢ | 11.2 185.1 «¢ 1683.3 =

Figure 32 — 90 VAC. Figure 33 — 90 VAC Conduction Angle.
AMBOUT, U1, D7, D4, T1, C11. BR1, L1, R1, R8, Q1.
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13 3 132 VAC, Non-Dlmmmg
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1710 1738 1758 12018

93.8 ¢
111.4 ¢ 182.4 -c 84.2 ¢
Figure 34 — 132 VAC.

AMBOUT, U1, D7, D4, T1, C11.

13.4 120 VAC, 90° Conduction Angle

lE'lmlm"u:Iw e
H2E
= — — [
1788 17028 1754 1285 18
96.4 -c

97.8 ¢
Figure 35 — 132 VAC.
BR1, L1, R1, R8, Q1.

97.8 ¢
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19: 66 19:28 19246 pstls s 23

61.3 -c

79.9 ¢ 69.7 ¢ | 91.2 ¢
Figure 36 — 120 VAC, 90 ° Conduction Angle.
AMBOUT, U1, D7, D4, T1, C11.

lﬂmlnfdlu

FoE
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111.4 - 92.3 ¢
Figure 37 — 120 VAC, 90° Conduction Angle.
BR1, L1, R1, R8, Q1.
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14 Non-Dimming Waveforms

14.1 Output Current and Input Current Waveforms

i
P3ms(C)

Measure P1ims(C2) P2max(C2) Pamean(C3) PSipkok(C3) PEMSC
value 221.9 v 298 v 4707 mA 4626 mA 282 A
status v v v v v

5,00 ms/div| Auto 0 mv|

0fs| 1.00 M5 20 MSis]Edge  Fositive]

LeCroy

Figure 38 — 90 VAC, 36 V LED Load.
Upper: loyt, 100 mA / div.
Lower: Iy, 100 mA, 5 ms / div.

121062012 10:23:58 AM

0
PIms(CH

Measure P1ms(C2) PRmax(C2) Pamean(C3) P pkpk(C3) PEImMS(C1)
value 188.0 mv 250 MV S84.7 A 5748 mA 336 mA
status v v v v

100 mvidw|

0.0 m¥ ofst}
A\ Trailing number(s) in the fllename were truncated to allow auto-numbering,

Figure 39 — 132 VAC, 36 V LED Load.
Upper: lout, 100 mA / div.
Lower: Iy, 100 mA, 5 ms / div.
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14.2 Output Current and Output Voltage Waveform at Normal Operation

Input Condition | loyr, Mean (mA) | loyt, Peak to Peak (mA) | lout Ripple (%)
90 VAC, 60 Hz 457 256 +28

120 VAC, 60 Hz 540 291 +27

132 VAC, 60 Hz 572 315 +28

O i
Measure P1ms(C1) P2max(C1) PImsi(C3) Padmean(Cy P5:pkpK(C3) PEIMS(C1) Measure P1rms(C1) P2:max(C1) P3:ms(C3) Famean(C3) P8 pkpk(C3) PErms(C1)y
walue 36,68 30V 16466 MA 45714 mA 256 mA. value 70TV 393V 548.45mA 539.97 mA 291 mA
v v v o v v v v v

Tiggel e
n of Muto 454 mA|

5,00 ms/div
1.00 M5 20 MSis}Edge  Positive]
1210201210:39:44 AW

Upper: lout, 100 mA / div.
Lower: Vour, 10V, 5 ms / div.

Upper: lout, 100 mA / div.
Lower: Vour, 10V, 5 ms / div.

Measure P1ms(C1) P2imax(C1)
value 3710V 393V
status v v

LeCroy

Figure 42 — 132 VAC, 60 Hz Full Load.
Upper: loyr, 100 mA / div.
Lower: Vour, 10V, 5 ms / div.

e
P3ums(C3H P4mean(C3) P5:pkpk(C3) PEmsiC1)
581.56 mA 57225 mA 315mA
o v
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14.3 Input VoItage and Output Current Waveform at Start-up

_V‘\/\/u/\v{\vpv wVN

)
Measure P1rms(C4) P2max(C1) PIms(C3) P4mean(C3) P& pkpk(C3)
value 912w 396V 34268 mA 26280 mA 556mA
status v % %

LeCroy

Figure 43 — 90 VAC, 60 Hz.
Upper: lout, 100 mA / div.
Lower: Vout, 100 V, 50 ms / div.

ARAA AR
ﬁwﬂ'v'[\af\v\/\}\/\/ Ty

PBIms(C1)

VZNWZDHH 1531 AW

vuvdu\wsuvuvvuuvv«vve«v»e

- [
Measure Plams(Ca) PEMS(CT)

PEmax(C1) Pams(C3 Pamean(cd
valug 1320 406V A

44218 mA B0 m)
%

P5.0Kpk(C3)
B9 mA

A Tralling numbercs) in the flename wers fruncated o allow auto-numbering

Figure 44 — 132 VAC, 60 Hz.
Upper: lout, 100 mA / div.
Lower: Vout, 100 V, 50 ms / div.

14.4 Output Voltage and Output Current Waveform at Start-up

0
Measure Plrms(C1) P2max(C1) PIms(C3) Pamean(C3 P5ipkokiC3)
value 20.47¥ 400v 31989 mA 22034 mA 559 mA
status % v % *

LeCroy

Figure 45 — 90 VAC, 60 Hz.
Upper: lout, 100 mA / div.
Lower: Vout, 10 V, 50 ms / div.

PGrms(C1)

=

Measure Plams(Cl)

P2max(c1) Parms(c3) an(cy PSpkpk(C3) PEMS(CT)
valu 2804V 406V 307.89 mA 25371 mA 602 mA
status o v %

A\ Tralling numbers) in the flename wera truncated 1o allow aute-numbenng

Figure 46 — 132 VAC, 60 Hz.
Upper: lout, 100 mA / div.
Lower: Vour, 10 V, 50 ms / div.
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File Verical Timebase Trigger Display Cursors MWeasure Math A Utiliies  Help

i
Measure P1ms(C1) PZmax(C1) PIms(CD Pdmax(C2) P5:pkpkiC3) PBrms{C1)
walue 1268v 308 ERELY 1098V
status v L4 v v

e
LeCroy 12110/2012 11:45:57 AW

Figure 47 — 90 VAC, 60 Hz.
Upper: IDRAIN: 0.2 A/ div.
Lower: VDRAIN; 100 V, 5 ms / div.

14.5 Drain Voltage and Current at Normal Operation

£

ile Vertical Timebase Trigger Display Cursors

- (3
Measure P1rms(C1) PZmax(C1) Pms(CD Pa:max(C2) PSOKPKCE) PEMS(CT)
value 1BBTV 3osv 4533 mv 1108V
status v v b4 v
LeCroy 1201002012 11:46:47 AN

Figure 48 — 90 VAC, 60 Hz.
Upper: IDRAIN; 0.2 A/ div.
Lower: Vprain, 100 V / div., 5 us / div.

Measure P3:ms(C2) PB:ms(C1)y

F1ams(C1) PZmax(C1) Pdmax(C) P5:pkpk(C3)
value 1728V 5V 334my 1182V
status v v o v

LeCroy

Figure 49 — 132 VAC, 60 Hz.
Upper: IDRAIN1 0.2 A/ div.
Lower: Vpran, 100 V, 5 ms / div.

& LF b
EEREERE

i
PIrms(C2

Measure PLms(CT) P2max(C1) Pamax(C2) PSDKpK(C) PEIMS(C1)
value v v 411.5my 1182V
status v v v

Walting for Trigger

Figure 50 — 132 VAC, 60 Hz.
Upper: Ipran, 0.2 A/ div.
Lower: VDRAIN: 100V /div., 5 us [/ div.
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14.6 Drain Voltage and Current at Start-up

) Weasure File Verfical Timebase Trigger Display Cursors Measure Math Analsis Ulliles Help
[~ I
L
t [ [ !
i
2 x
Measure P1MMS(CT) P2MAX(C1) PIMS(CD PAMECT) PSIDIKICY) PEMS(CT) Measure Prmscn ST Pams©a T [ J—
value 928y wrv 303 mi 248 value 1200v 225V 4ezmy 248V
status v v v v e s > " >
A\ Tralling number(s) in the filename were truncated to allow auto-numbering Len - 210201213118 P

Figure 51 — 90 VAC, 60 Hz Start-up. Figure 52 — 90 VAC, 60 Hz Start-up.
Upper: Iprain, 500 mA / div. Upper: Iprain, 500 mA / div.
Lower: Vpran, 100 V, 2 ms / div. Lower: Vpramn, 100 V, 10 us / div.

Vertical Timebase Trigger Display Cursors Measure Math Analsis Utiliies Help

===

T
Measure Frmeey Famaen Fameca Famanen PSpIPIC) Pems(CY) Measure P1MS(CT) P2MANCT) PIMS(CD PAMANCE) P5BKPK(C3) PEmMS(CT)
s . . m L value 1249V 299V 481 my 259V

s - status v v v v

LeCroy 1211020121:33.43 M

Figure 53 — 132 VAC, 60 Hz Start-up. Figure 54 — 132 VAC, 60 Hz Start-up.
Upper: Iprain, 500 mA / div. Upper: Iprain, 500 mA / div.
Lower: Vpran, 100 V, 2 ms / div. Lower: Vpramn, 100 V, 10 us / div.
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14.7 Drain Voltage and Current at Output Short Condition

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

prapumemeires wrwry

3 i
Measure P1ms(C1) PImax(C1) PIMS(CH Pamax(C2) P5pkpk(C3) PGrms(C1) Measure P1IMS(C) PImaxiC1) PIrms(C) P4:max(C2) PSpKOKIC) PEMS(C1)
value 1007V 43V 130mv 3TV value 1631V 143y 124 my 592V
status v v v v status v v v v

2080V oo
LeCroy

Figure 55 — 90 VAC, 60 Hz Output Short Condition.

Upper: Iprain, 1T A/ div.
Lower: Vpran, 100 V, 100 ms / div.

mber(s) in the filename were truncated to allow auto-numbering

Figure 56 — 132 VAC, 60 Hz Output Short Condition.

Upper: Iprain, 1T A/ div.
Lower: Vpran, 100 V, 100 ms / div.
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14.8 Open Load Condition
The LED load was disconnected from the driver.

analysis  Utilities  Help

Measure P1ms(C1) P2ZmanC1y P%rmscczﬁ PémaxC2) PEpkpK(C) PEIMS(C1) Measure P1ims(C1) PT"WK(';—‘) P'; ms(Ca PamaxC2) P5pkpk(C3) P&ms(C1)

valug 56,61V 583V value 6775V B4y

status v v status v v

LeCroy : LeCroy

Figure 57 — 90 VAC, 60 Hz Output Open Load. Figure 58 — 132 VAC, 60 Hz Output Open Load.
CH4: Vour, 10V, 200 ms / div.

CH4: Voyr, 10 V, 200 ms / div.
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14.9 Output Diode Voltage and Current Waveform at Normal Operation

Flle  Vertical Timebase Trigger Display Cursors

1 |
PImMs(CD PEMS{CT)

Measure P1rms(C1y P2:min(C1) Pd:max(C2) P5:pkpk(C3)
value 4958V 1326V 953 my 422v
status v v v v

Figure 59 — 90 VAC, 60 Hz.
Upper: Ip7, 1A/ div.
Lower: Vp7, 10V, 2 ms / div.

0
PIms(CD

Measure Plrms(C1) P2min(C1) Pdmax(C2) P5ipkokiC3) PEmMs(C)
55.28Y 1370V 1.084Y 445V
v v v v

LeCroy 1211062012 3:35:35 PM

Figure 61 — 132 VAC, 60 Hz.
Upper: Ip7, 1 A/ div.
Lower: Vp7, 20 V, 2 ms / div.

i
Parms(c3)

Measure Plams(C1) P2min(C1) Pamax(C1) PSpkpk(o3) PEMS(CT)
value 5508V -1338V 1307V 419V
status v v v v

(Timebase 0.0

Walting for Trigger

Figure 60 — 90 VAC, 60 Hz.
Upper: Ip7, 1 A/ div.
Lower: Vp7, 20 V / div., 5 ps / div.

File Vertical Timebase Trigger Display Cursors Measure Math Analysis Ulliles Help

i
- » - - o
Measure Plams(Cl) P2min(C1) Parms(c2) Pomax(C2) PSpkpk(C3) PEMS(CT)
valu 6313V -138.3V 1471 448Y
status v v v

(Timebase 0.0

LeCroy

Walting for Trigger

Figure 62 — 132 VAC, 60 Hz.
Upper: Ip7, 1 A/ div.
Lower: Vpz, 20 V / div., 5 ps / div.
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15 Conducted EMI

The design met the limits for conducted electromagnetic emission (EMI) with frequency
range of 9 kHz to 30 MHz as per described in the CISPR 15/ IEC: 2005 Standard.

15.1 Test Set-up

The UUT was placed inside a PAR38 with MT-G2 lamp provided by CREE at input
voltage of 120 VAC, 60 Hz at room temperature. The unit was placed inside a conical
metal housing as shown in Figure 63.

v -
“'-"" o - -
RS T

Figure 63 — EMI Test Set-up with the Unit and LED Load Placed Inside a Conical Metal Housing as
Described in CISPR 15/ IEC: 2005 Standard.

Power Integrations, Inc.
Tel: +1 408 414 9200 Fax: +1 408 414 9201
www.powerint.com Page 52 of 56



20-May-13

DER-350 20 W PAR38 Dimmable LED Driver Using LYT4317E

15.2 Test Result

®

dBpv

Power Integrations
07.Dec 12 21:48
Att 10 dB AUTO

EN550160

2 AV
CLRWR

9 kHz

RBW

MT

LIMIT CHECK

9 kHz
500 ms

BASS

SG

TLC

6r

30 MHz

EDIT PEAR LIST

Tracel: ENS55015¢Q

Trace2: ENS55015A

Trace3: —

TRACE FREQUENCY

2 Average 133.454986145 kHz
2 Average 140.262531674 kH=z
1 Quasi Peak 264.49018761 kH=
2 Average 267.13508548¢6 kH=z
1 Quasi Peak 357.727746704 kH=z
2 Average 401.705024172 kH=z
1 Quasi Peak 530.7€5215795 kH=z
2 Average 530.769219795 kHz
1 Quasi Peak 660 .656365747 kH=z
2 Average 667 .263434405 kH=z
1 Quasi Peak 758.145472681 kH=z
2 Average 798.145472681 kH=z
1 Quasi Peak 926.622115652 kH=z
2 Average 926.622115652 kHz
1 Quasi Peak 2.11629733595 MH=z
2 Average 19.8557266951 MH=z
1 Quasi Peak 20.4573750697 MH=z
1 Quasi Peak 27 .5734507582 MH=z
2 Average 27.8491853062 MH=z

LEVEL dBuVv
€9.

68
38
54

46.

47
41

49.

42
42
33
42

36.

42
32
40

36.

44
44

36.

{(Final Measurement Results)

43 L1 gnd -11
.36 N gnd

.70 L1 gnd

.05 L1 gnd =7
46 L1 gnd —4
.97 L1 gnd -9.
.31 L1 gnd -6
37 L1 gnd -6
.20 L1 gnd -3
.26 L1 gnd -13
.72 L1 gnd -12
.47 L1 gnd -13
78 L1 gnd -9.
.24 L1 gnd -13
.58 L1 gnd -13
.80 L1 gnd -15
09 L1 gnd -13
.92 L1 gnd -15
.75 L1 gnd -15
93 L1 gnd -13

DELTA LIMIT dB

.62

.23
.73
92
50
12
.79
.73
.27
.52
21
.75
.41
.19
.90
.07
.24
.06

Figure 64 — Conducted EMI, 36 V LED Load, 120 VAC, 60 Hz, and EN55015 B Limits.
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16 Line Surge

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

The unit tested passed both £2500 V 100 kHz ring wave and +500 V differential surge

with and without MOV.

Level 7203 Injection i T Test Result
(V) Voltage | | tion HiEes Type (Pass/Fail)
(VAC) )
100 kHz Ring
+2500 120 L1,L2 0 Wave (500 A) Pass
100 kHz Ring
-2500 120 L1,L2 0 Wave (500 A) Pass
100 kHz Ring
+2500 120 L1, L2 90 Wave (500 A) Pass
100 kHz Ring
-2500 120 L1, L2 90 Wave (500 A) Pass
Level 7203 Injection i T Test Result
(V) Voltage | | tion FiEDs Type (Pass/Fail)
(VAC) ()
+500 120 L1, L2 0 Surge (2 Q) Pass
-500 120 L1,L2 0 Surge (2 Q) Pass
+500 120 L1, L2 90 Surge (2 Q) Pass
-500 120 L1,L2 90 Surge (2 Q) Pass

Normal

2012-12-14 12:52:25
1

Stopped

1 190H5/S SO0HSMiv

Max (C1) 425.0000
Max (CZ) 4z1.615V

: +ZON5 v

Edge CHZ £
- Hormal
| e.zo0ky

Figure 65 — CH1: 90° 500 V Differential Surge (No MOV).

CH1: U1 VDS.
CH2: C2 Voltage.
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17 Revision History

Date Author Revision | Description and Changes Reviewed

13-Nov-12 | ME 1.0 Initial release Apps & Mktg
15-Jan-13 | CA 2.0 Design Updated with Inductor Apps & Mktg
20-May-13 | KM 2.1 Changed name to LYTSwitch-4 | Apps & Mktg
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