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Figure 3 — Populated Circuit Board Photograph (Bottom View).

Power Integrations, Inc.
Tel:+1 408 414 9200 Fax: +1 408 414 9201
Www.powerint.com Page 6 of 56



20-May-13

DER-350 20 W PAR38 Dimmable LED Driver Using LYT4317E

2 EREH

ROKIE, BETOEFRBETT , EEOMEEE, THERET —210 I a0 E2SBLTIZEN,

W= iLs B/ | RE | &KX | B aAVb

AA
BE Vin 90 120 132 VAC
JBIRE fLine 60 Hz
Hh
HAEE Vout 33 36 39 V
HAER lout 550 mA
HABHDER
B AEN Pour 20 w
hae
PN n 85 0 | Vour=36. VE{ —ZJéZPCVACN FEE:R
RiE
=& EMI CISPR 15B/EN55015B
ZEHRE RigR
)24 9z —7J (100 kHz)

T477Liw)L E—F (L1-

L2) 2.5 KV

aEY £—F (L1/L2-PE)
TAI7LoI v )L H— (1.2/50 500 \
us)
nE 0.97 R 12 VAG. 60 1 iz
BIRER EN61000-3-2 45 D (C) Piv <25 W o);fdc;’]%?m; CihE. 73
Bl T av | 45 | | °c B R K E

Page 7 of 56

Power Integrations

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

WWW.pOWEI’int.COfT]

| 8
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6 HPRFE

Item | Oty 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 C1l 220 nF, 250 V, Film ECQ-E2224KF Panasonic
3 1 c2 100 nF, 250 V, Film ECQ-E2104KB Panasonic
4 2 C3C14 | 10nF 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 Cé6 2.2 uF, 400 V, Electrolytic, (6.3 x 11) TAB2GM2R2E110 Ltec
8 1 c7 2.2 nF, 630V, Ceramic, X7R, 1206 C3216X7R2J222K TDK
9 1 Cc8 47 uF, 16 V, X5R, 1206 3216X5R1C476M TDK
10 1 c9 (5663515151(; V, Electrolytic, Very Low ESR, 140 mQ, EKZE500ELL560MF11D Nippogocrihemi-
11 2 | ci1c12 | 330 uF, 63 V, Electrolytic, (10 x 20) EKMG630ELL331MJ20S U”itegocnhemi'
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 CY1l 470 pF, 250 VAC, Film, X1Y1 CD95-B2GA471KYNS TDK
15 2 D2 D9 400 V, 1 A, DIODE SUP FAST 1 A PWRDI 123 DFLU1400-7 Diodes, Inc.
16 1 D3 DIODE ULTRA FAST, SW 600V, 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 | 3 081%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, 250V, Fast, Microfuse, Axial 0263005.MXL Littlefuse
22 1 L1 Bobbin, RM86, Vertical, 6 pins B65808-N1006-D1 Epcos

Inductor SNX-R1684 Santronics-USA

23 1 L3 5mH, 0.5 A, Common Mode Choke Vertical SU9VF-05050 Tokin
24 1 Q1 400 V, 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 1 kQ, 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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DER-350 20 W PAR38 Dimmable LED Driver Using LYT4317E 20-May-13
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
a7 1 T1 Bobbin, RM8, Vertical, 12 pins RM8/12/1 Schwar_tzpunkt
Transformer SNX-R1670 Santronics-USA
48 1 U1 LYTSwitch-4, eSIP-7C LYT4317E IntePg(])rva\llgcr)ns
49 1 VR4 33V, 5%, 200 mW, SOD-323 MMSZ5257BS-7-F Diodes, Inc.
50 1 VR5 15V, 5%, 500 mW, DO-35 1N5245B-T Diodes, Inc.

Power Integrations, Inc.
Tel:+1 408 414 9200 Fax: +1 408 414 9201
www.powerint.com
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7 FSURD R

7.1 [EIE5E
wi 120
Primary
31T
#26 AWG
[
1 FL1
°
11T - #22 TIW W2
Output
cFL2
10
)
w3 8T
Bias 2X #28
AWG
11
Figure 7 — Transformer Electrical Diagram.
72 EmF
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 Vs 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 Vgws. H
7.3 #HH
Iltem 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
Tel:+1 408 414 9200 Fax: +1 408 414 9201
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74 FSXDBEE
[ ] 3L Tape
W3 - Finish (P11) — 1L Tape
w3 - start (P10) ——@) ) COOOOOO0O0)
1L Tape
W?2 - Finish (FL2) O)
w2 - start (FL1) ——— @) OO0
1L Tape
WL - Finish (P12) 9000000000000
wi-senen- Q@O0 |

Figure 8 — Transformer Build Diagram.

75 FSUXBEMLHE

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:)ritrl]niqlat 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 m_ductanc_e. _
Assemble and secure core halves.Dip impregnate using varnish item [7].

Power Integrations, Inc.
Tel:+1 408 414 9200 Fax: +1 408 414 9201

www.powerint.com
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8 FIURADEBHEHES—

éerD.EBI;_gi\;Vrlit;Et_ Ich())]\;v?elrz ' INPUT INFO  |ouTPUT UNIT #YTSW'tCh—loﬂ.lZ:F'ybaCk
Integrations 2012 ransformer Design Spreadsheet
ENTER APPLICATION VARIABLES
Dimming required YES M equired. Otherise select NG'-
[VACMIN 90 \ Minimum AC Input Voltage
VACMAX 132 vV Maximum AC input voltage
fL 60 Hz IAC Mains Frequency
VO 26.00 26 \/ ;I;J){Ipliggljoutput voltage of LED string at
VO_MAX 39.00 39.00 vV Maximum expected LED string Voltage.
VO_MIN 33.00 33.00 vV Minimum expected LED string Voltage.
V_OVP 42.90 \ Over-voltage protection setpoint
10 |O.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 vV 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
LYTSwitch on-state Drain to Source
VDS 10 \; Voltage
Output Winding Diode Forward Voltage
VD 0.50 \V Drop (0.5 V for Schottky and 0.8 V for
PN diode)
DB 0.70 \/ Bias Winding Diode Forward Voltage
Drop
Key Design Parameters
Ripple to Peak Current Ratio (For PF >
KP 0.97 0.97 00,04 < KP < 0.9) (
LP 389 uH Primary Inductance
\VOR [102.00 102 v Reflected Output Voltage.
Expected |0 (average) 0.55 A Expected Average Output Current
KP_VACMAX 1.08 Expected ripple current ratio at VACMAX
TON MIN 1.83 s Minimum on time at maximum AC input
— voltage
PCLAMP 0.16 W Estimated dissipation in primary clamp
ENTER TRANSFORMER CORE/CONSTRUCTION VARIABLES
Core Type [RMms!I [RMSII
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

Page 17 of 56
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Safety Margin Width (Half the Primary to

M 0 mm Secondary Creepage Distance)
L 1.50 1.5 Number of Primary Layers
NS 11 11 Number of Secondary Turns
DC INPUT VOLTAGE PARAMETERS
\VMIN 127 vV Peak input voltage at VACMIN
IVMAX 187 vV Peak input voltage at VACMAX
CURRENT WAVEFORM SHAPE PARAMETERS
DMAX 0.47 Minimum duty cycle at peak of VACMIN
IAVG 0.25 A [Average Primary Current
P 129 A Peak Primary Current (calculated at
) minimum input voltage VACMIN)
Primary RMS Current (calculated at
IRMS 039 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/T"2 |[Gapped Core Effective Inductance
Maximum Flux Density at PO, VMIN
BM 2586 Gauss (BM<3100)
BP 3081 Gauss |Peak Flux Density (BP<3700)
AC Flux Density for Core Loss Curves
BAC 1254 Gauss (0.5 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 0.42 mm Maxm_lum_ Prlma_ry Wire Diameter
including insulation
Estimated Total Insulation Thickness (=
INS 0.06 mm 2 * film thickness)
DIA 0.36 mm Bare conductor diameter
Primary Wire Gauge (Rounded to next
AWG 28 AWG smaller standard AWG value)
oM 161 Cmils aﬁrse conductor effective area in circular
Cmils/Am |Primary Winding Current Capacity (200
CMA 416 D < CMA < 600)

TRANSFORMER SECONDARY DESIGN PARAMETERS (SINGLE

OUTPUT EQUIVALENT)

Lumped parameters

ISP 3.59 A Peak Secondary Current
ISRMS 1.07 A Secondary RMS Current
IRIPPLE 0.92 A Output Capacitor RMS Ripple Current
CcMS 514 Cmils gfgljg?z:?/lsBare Conductor minimum
Secondary Wire Gauge (Rounded up to
AWGS 26 AWG next Iarge): standard ,gW(G value) P
DIAS 0.41 mm Sgcondary Minimum Bare Conductor
Diameter
ndary Maximum ide Diameter
ODS 0.78 mm f?)??’i[ﬂg K]su?ateduWiSeUts de Diamete
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

Power Integrations, Inc.

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

www.powerint.com
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20-May-13 DER-350 20 W PAR38 Dimmable LED Driver Using LYT4317E

\/oltage (calculated at VOVP, excludes
leakage 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 vV Test Input Voltage Conditionl
[VAC2 230.0 \ Test Input Voltage Condition2
10_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

Typical AC input voltage at which OV
VOV 161.1 v szﬂtdown WiIIpbe trigggred

Typical AC input voltage beyond which
VLUV 34.5 v pg\ll)ver supply[z:an star?up ’
FB pin resistor Fine Tuning
RFB1 165 k-ohms [Upper FB Pin Resistor Value
RFB2 1E+012 k-ohms [Lower FB Pin Resistor Value
VB1 22.9 Y Test Bias Voltage Condition1
VB2 27.1 vV 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
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9 L1AUFZO2DHH*

9.1 [MHE
4 O
250T
#32 AWG
5 o
Figure 9 — Inductor Electrical Diagram.
92 EM#H#
. Pins 4-5, all other windings open, measured at
+50
Primary Inductance 100 KHz, 0.4 Viys, 2 mH 5%
Resonant Frequency Pins 4-5, all other windings open. 750 kHz (Min.)
9.3 #H#H
Iltem 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.

Power Integrations, Inc.
Tel:+1 408 414 9200 Fax: +1 408 414 9201
www.powerint.com
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0.4 AHOLDEEE

250T - #32 AWG

5 \ 00000000
e
Figure 10 — Inductor Build Diagram.

&,
]

95 TFISBEME

Bobbin Preparation

Place bobbin item [2] on the mandrel such that pin side is on the left side.
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].
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11 ¥RET—4

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

11.1 &

88

87

86

85

Efficiency (%)

84

83

82

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

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 ADRUEBFHDLFaL—3>
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Figure 15 — Regulation vs. Line and Load.
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11.3 fH&E
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Input Voltage (VAC)

Figure 16 — Power Factor vs. Line and Load.
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11.4 A-THD
26 1
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Figure 17 — A-THD vs. Line and Load.
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11.5 BHEERL
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.

11.5.111 @D LED &

160

mClass C (D) Limit
150 1 = mA Content

140 4
130 1
120 1

el
© O kK
o O O

Harmonic Current (mA)
N W A O O N @
o O O O O o o

=
o

o

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 &7y

c

Harmonic Curre

170
160
150

100

m Class C (D) Limit
@ mA Content

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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11.5.313 @D LED &7

190
| E Class C (D) Limit

180 = mA Content

170

Harmonic Curren
\]
o

3 5 7 9 11 13 15 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 HET—%
All measurements were taken with the board at open frame, 25 °C ambient, and 60 Hz
line frequency.

11.6.1 RE&RT—4. 11 E®D LED &7

Input Measurement Load Measurement Calculation
VIN IIN PIN VOUT IOUT POUT PCAL Efficiency LOSS
PF | %ATHD
(Vaws) | (MArus) [ (W) ’ (Voo) | (MAc) | (W) | (W) ORI\

90.04 | 213.30 | 18.944 | 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 HE&RT—4. 12 @D LED &%

Input Measurement Load Measurement Calculation
VN I Pn Vout lout Pour | PcaL | Efficiency | Loss
PF %ATHD
(Vaws) | (MArus) | (W) ’ (Voo) | (MAs) | (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 | 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 35 T—%. 13 E®D LED &7

Input Measurement Load Measurement Calculation
VN I Pn Vout lout Pour | PcaL | Efficiency | Loss
PF | %ATHD
(Vews) | (MAzys) [ (W) ° (Voo) | (MAe) | 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 | 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
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11.6.4 120 VAC 60 Hz. 11 {fE®) LED BHDERET—4

Current Harmonics Limits for IEC61000-3-2

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

Order | Content | Content <25 W >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% 45792 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 AR D EHERT—4

Current Harmonics Limits for IEC61000-3-2

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

Order | Content | Content <25 W >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 @M LED AR D EHART—4

Current Harmonics Limits for IEC61000-3-2

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

Order | Content | Content <25 W >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 5.43 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 B ERET—4
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 Y=70>0 T D SaL—23> (Agilent 6812B AC EREFRSE) [ZH TS
SHAAH—T

100 =
= == NEMA Limits (Max) ,/ -
90 4-|==Output Current (0-180) P d &
=== Qutput Current (180-0) ,' . :
== NEMA Limits (Min) v/
80 +« ,
S
o 70 L
c
o
S 60 9
O
5 .
2 50
S
O 40
O
=
T 30 1
[}
o
20 o
10 +o
0 o ” ’ ” ” ” ” ”
0 20 40 60 100 120 140 160 180

80
Phase Angle (°)
Figure 21 — Dimming Curve at 120 VAC, 60 Hz Input.
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12.2 FSATY0 X=X DIHFIZLEDFEL AT (200 ms LITF)

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

File Vertical Timebase Trigger Display Cursors Measure Math Analysis Utiities Help

File Verical Timebase Trigger Display Cursors Measure Math Analysis Utiities Help

!

| | L LJ._ i
T
A
Measure Plms(C2 P2max(C2) P‘Slms(ca P4mean(C3) P5:pkpk(C3) PEms(C1)  Measure P1:rms(C3) P2max(C2) P‘E rm;(ca P4mean(C3) P5:pkpk(C3) PEms(C1)
value =g13my 20516 mA 29114 mA valug 167 mv' a2 my 33794 mA 23259 mA
status ¢ v v status v % %
P r
ne v
= -1 X1=  18.1560ms 3.9975ms
. ¥2= -950887ms 1/A¥= -B76004 Hz _— K2= -1658415ms 1idd= -543486 Hz
LeCroy ] 12102012 6:49.13FM LeCroy ] 121102012 6:50;32 PM
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:loyt, 100 mA / div. Upper:loyt, 100 mA / div.
Lower:l,y, 500 mA, 50 ms / div. Lower:l,y, 500 mA, 50 ms / div.
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12.3 FSA TV RXR—IDFHAEICH T By TA>

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).

Pop On 4 61 mA

I, Min 54 mA

Figure 24 — 35° Conduction Angle was Measured at
Pop-on Point.

Utilities Help

i
PZman(C2) Pams(C3) Pdmean(Ch
> @13my 41.76 mA 29.37 mA
& % %

Measure P1imns(C2
value
status

PEpkpk(C3) Pms(C1)

Ki= -2718185 ik -351.536mHz

LeCroy 121072012 6:34:00 P11

Figure 25 — 35° Conduction Angle at Pop-on Point.
Upper:lout, 20 mA / div.
Middle:Vour, 200 V / div.
Lower:ly, 0.2 A/ div., 1 s/ div.
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12.4 FHAZICH T BESERRUIASERDEE

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

File Cursors  Measure  Math Analbysis Ulliles Help File Cursors Measure Math Analysis  Ulilties Help

i i
Measure Plms(C2) PZmax(C2) PRIME(CT) Pémean(C? PSipkpkiC3) Phms(C1) Meastre F1ms(C2) P2:mMax(C2) P3ms(C3) P4mean(C3) PS5 pkokiC3) PEImMS(C1)
walue 196.8 my Ba0 MY 540,87 MA 530.06 mA walue 160 my 126Y 28320 mA 27357 mA
status v v v v status v v v v

rigger  COED)|
5001 uto 64 mv. 100 ma/div|
5 5 Sis Edge  Positive -305 00 mA)

Processing . LeCroy

Fi_gure 27 — 90° Conduction Angle.
Upper:loyt, 100 mA / div. Upper:loyt, 100 mA / div.
Lower:ljy, 200 mA, 5 ms / div. Lower:ljy, 500 mA, 5 ms / div.

Cursors Measure Math Analysis Utiities Help File Cursors Measure Math Analysis  Utiliies Help

| —— e e e e R X —
EEEEEEnEaEleEnITE R

i [
Measure P1rms(C2) P2max(C2) P3:ms{C3) Pdmean(C3) PS:pkpk(C3) PErms(CT) Measure Plirms(C2 P2imax(C2) P3Ims(CH Pa:mean(C3 P5ipkok(C3) PEmMS(C1)
value 138 mv 125 16140 ma 157.00 mA value 123 my 292 mv 7737 mA 76.59 mA
status v v v v status v v v v
100 mafdi 5,00 uh
-305 00 ma) 3
LeCroy 255T13PM LeCroy

Fi_gu re 28 — 60° Conduction Angle. Figure 29 — 40° Conduction Angle.
Upper:lout, 100 mA / div. Upper:lout, 20 mA / div.
Lower:ljy, 500 mA, 5 ms / div. Lower:ly, 500 mA, 5 ms / div.
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12.6 BREHEYXF

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 VRMSMIN) (#1”12) VRusMAX) (Ir’;"]‘x\‘) 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

-600P-WH aka
Lutron L Q 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 R62-06633-1L.W 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-RPI106-1LW 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

Power Integrations, Inc.
Tel:+1 408 414 9200 Fax: +1 408 414 9201
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20-May-13 DER-350 20 W PAR38 Dimmable LED Driver Using LYT4317E
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 VPIO6 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-600 225 | 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 | 114.5 |]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 | 114.4 | 486.0 6

Figure 30 — U.S. TRIAC-Based Dimmers Compatibility List.
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DER-350 20 W PAR38 Dimmable LED Driver Using LYT4317E 20-May-13

13 4

13.1 PAR38 S HEL /-8 EHE

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.

P

13.2 90 VAC., FEFH

o Bo EEI(O)EH

oR12/12/12 16:d3:d5

18minddiv 2 18min/div 2
oA Haoa
2 2
= /
==
15233 1558 16218 15170 15228 15240 16283 16228 152
_ 85.4 ¢ Wﬂli i aii i 99.2 -c
94.5 °¢ | 1.2 ¢ 185.1 ¢ 183.3 *¢
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. FEZ5#

( P 1 E...E-ﬂ_m@

/12/12 18:24:27

18minsdiy

Lo
o

I|§II|II

I|IIII |glll:l' '

17: 16

93.8 ¢
111.4 = 182.4 = 84.2 ¢
Figure 34 — 132 VAC.

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

13.4 120 VAC. #E& £ 90°

2 2@:75:50 i

=)
Hom
%0

19: 60 19:2m 19: 46 2 O 2

61.3 ¢

1.9 69.7 ¢ | 91.2 "¢
Figure 36 — 120 VAC, 90 ° Conduction Angle.

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

1BRind iy e
Fom
e s e
1788 17120 17248 15288 12
96.4 -

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

97.8 ¢

1Bmi v e
]
16
19066 19:28 19:40 poHE E] woH
181.8 -c

111.4 ¢
Figure 37 — 120 VAC, 90° Conduction Angle.
BR1, L1, R1, R8, Q1.

92.3 ¢
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14 JEERKE DR
14.1 HHERRUA N EADE

File Cursors Measure Math Analysis Utiities Help File Cursors Measure Math Analysis  Utiliies Help

i [
Measure P1rms(C2) P2max(C2) P3ms{C3) Pdmean(C3) PE:pkpk(C3) PErms(CT) Measure P1irms(C2 P2imax(C2) P3Ims(CH Pa:mean(C3 P5ipkok(C3) PEmMS(C1)
value 2219 mv 298 mv 4707 mA 4626 mA 282 mA value 189.0 my 250 mv 584.7 A 5748 mA 338 mA
status v v v v status v v v v v

A\ Trailing number(s) in the filename were truncated to allow auto-numbering.

Figure 38 — 90 VAC, 36 VV LED Load. Figure 39 — 132 VAC, 36 V LED Load.
Upper:lout, 100 mA / div. Upper:loyt, 100 mA / div.
Lower:ljy, 100 mA, 5 ms / div. Lower:ly, 100 mA, 5 ms/ div.

Power Integrations, Inc.

Tel:+1 408 414 9200 Fax: +1 408 414 9201
www.powerint.com Page 44 of 56



20-May-13

DER-350 20 W PAR38 Dimmable LED Driver Using LYT4317E

14.2 FEBIEFFDH ) ETR DH A EEDEE

Input Condition | loyr, Mean (mA) | loyt, Peak to Peak (mA) | lour Ripple (%)
90 VAC, 60 Hz 457 256 +28
120 VAC, 60 Hz 540 291 +27
132 VAC, 60 Hz 572 315 +28

Help

ties  Help

== = i
i 0
Measure F1rms(C1) P2max(C1) P3ms(C3) Pémean(C3 PS:pkpk(C3) PErms(C1) Measure P1:rms(C1) P2max(C1) P3ms(CH P4'mean(C3) P5:pkpk(C3) PBrms(C1)
value 3668V 300V 48466 mA 45714 mA 256 mA value arorv 393V 548.45ma 539.97 mA 291 mA
status v v v v v status v v v v
10.0 Vidiv 10,0 Vidi|
-19.80 V ofst] -19.80 V ofst
LeCroy

LeCroy

Figure 40 — 90 VAC, 60 Hz Full Load.
Upper:lout, 100 mA / div.
Lower:Vout, 10 V, 5 ms / div.

Figure 41 — 120 VAC, 60 Hz Full Load.
Upper:loyt, 100 mA / div.
Lower:Vout, 10 V, 5 ms / div.

alysls Uiilies  Help

— =
0
Measure P1:rms(C1) P2max(C1) P3ms(C3) F4mean(C3) P5:pkpk(C3) PEms(C1)
value 3710V 393V 581.56mA 57225 mA 3N5mA
status v v v v

LeCroy

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

12102012 10:43:16 AM
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14.3 Eﬂﬁ@l)ﬁ%/_ é‘bﬁ’ﬂfﬁfﬂ)&'ﬁ”

fohp M’MM\ pmw,\ )
_V\/Juﬂu/\vf\wv 'Nv'v'uw{\/\/\/\/\/vw

Measure P1ims(Ca P2imax(C1) PIms(CH Pamean(C3 P5pkok(C3) PEmMs(C)
value 912y 96V 34288 mA 262,80 mA 550 mA

status v v % %

LeCroy VU!ﬂlEm?WHﬁ?!AM

Figure 43 — 90 VAC, 60 Hz.
Upper:loyt, 100 mA / div.

Lower:Vout, 100 V, 50 ms / div.

14.4 Eﬂ#@b&’)ﬁ%/_ &0%’175/}7%‘0),&'17”

=

LAARAAR.

vuv4V\Muu\tvv41t¥v‘v¢#ve«\tv‘e

)
PLms(C4)

P2max(C1) PIrms(C3) P4meanicd PSpkpk(C3) PEMS(CT)
value 1328V 408V 44216 mA B.04 mA 604 mA
status v v % %

A& Trailing number(s) in the flename wers truncated to allow auto-numbering.

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

Trigger Display Cursors Measure Mal

[y
&
Measure F1ms(C1) PZmax(C1) P3:ms(C3) Famean(C3) P5.pkpk(C3) PB:ms(C1)
value 2847V 400V 31989 mA 22034 mA 559 mA
status % v % £

LeCroy VZMWZD‘\IHDTGZAM

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

File Vertical Timebase

=

i
PIrms(C3)

Measure P1Ims(C1) PZmax(G1) P4mean(c3 PSKPKICI) PEIMS(C1)
value 2894V 408V 397.89 mA 20371 mA 692 mA
status % v % %

A\ Trailing number(s) in the filename were fruncated to allow auto-numbering

Figure 46 — 132 VAC, 60 Hz.
Upper:loyt, 100 mA / div.
Lower:Voyt, 10 V, 50 ms / div.
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14.5 BRI HEHFDFL 1> BELER

File Verlical Timebase Trigger Display Measure ha ilities e Verica Trigger Display Cursors Measure Math Analysis  Ubiifies Help

0
Measure P1ims(C1) P2imax(C1) PIms(CH
value 1259 308 3511 mv
status v v v
LeCroy

Figure 47 — 90 VAC, 60 Hz.

! i
Measure PLms(C1) P2max(C1) PIrms(C2)
value 1BETY 308V 4533 mv
status v v v
LeCroy

Figure 48 — 90 VAC, 60 Hz.

Upper:lpran, 0.2 A/ div. Upper:lpran, 0.2 A/ div.
Lower:Vpran, 100 V, 5 ms / div. Lower:Vpran, 100 V / div., 5 us / div.

File Verlical Timebase Trigger Displa sors  Measure Ma os e Vertica Trigger Display Cursors Measure Math Analysis Utiifies Help
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& i
Measure P1ms(C1) PZmax(C1) PIImMS(CH Pamax(C2) PS5 phpk(C3) PmMSC1) Measre F1ams(C1) PLmax(C1) F3rms(CD PAmax(C2) PaRkpK(C3) PEIMS(CT)
1728V 38V Iamy 1182V value 2322V arzv 411.5my 1182V
v v v v status v v v -

§(Trigger  CAES)

ormal 1104 V]

8 gz Posilivel
LeCroy 121002012 11°47°42 AM

alting for Trigger

Figure 49 — 132 VAC, 60 Hz. Figure 50 — 132 VAC, 60 Hz.
Upper:lpran, 0.2 A/ div. Upper:lpran, 0.2 A/ div.
LOWGf:VDRNN, 100 V, 5 ms/ div. LOWer:VDRNN, 100Vv/ diV., 5 us / div.
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Flle Verlical Timebase Trigger Display s Ulliies  Help File Vertical Timebase Trgger Display Cursors Measure Math Analsis Utiiies Help
a “
)
t [ [ !
i
/’—-‘w i ’ '
Measure P1rms(C1) P2max(C1) P3:ms(CH Pama(C2) P5:pkpk(C3) PErms(C1) o .
Meas ey joi e e Measure Flmsic1) PLma(C1) P3 r:r;sz(c?’ PAmax(C2) P& pkp(C3) PBMS(CT)
e oy M " S value 1200V 2259 i
z status v v v v

Figure 51 — 90 VAC, 60 Hz Start-up. Figure 52 — 90 VAC, 60 Hz Start-up.
Upper:IDRAW, 500 mA / div. Upper:IDRA|N, 500 mA / div.

AT

er(s) in the filename were truncated to allow auto-numbering LeCro:

Lower:Vpran, 100 V, 2 ms / div. Lower:Vpran, 100 V, 10 ps / div.

File Verical Timebase Trigger Display Cursors Measure Math Analysis Ulilles Help @ Vertical Timebase Trigger Display Cursors Measure Math Analysis Utliles Help
| L X
! [ i [
)
_W o | J. J J J U |
a Fy
Measure Flms(C1) P2max(c1) P3ms(CD Femanc) PSIpkPKICE) PEIMS(CT) Measure ms ;
©1) PLma(C1) PIMS(CZ B4 maC?) P5 pkpk(C3) PEms(C1)
value ey a memy ey value 1248V 290v 481 mv 259V
status status v v v v

Figure 53 — 132 VAC, 60 Hz Start-up. Figure 54 — 132 VAC, 60 Hz Start-up.
Upper:lpran, 500 mA / div. Upper:lpran, 500 mA / div.
LOWGf:VDRNN, 100 V, 2 ms/ div. LOWer:VDRNN, 100 V, 10 us / div.

Power Integrations, Inc.

Tel:+1 408 414 9200 Fax: +1 408 414 9201
Www.powerint.com Page 48 of 56



20-May-13 DER-350 20 W PAR38 Dimmable LED Driver Using LYT4317E
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During output short condition, the Igg current falls below the lgg@ar) threshold and enters
the auto-restart condition.During this condition, to minimize power dissipation on the
power components, the auto-restart circuit turns the power supply on and off at an auto-
restart duty cycle of typically DCar for as long as the fault condition persists.

PP W

Measure P1:ms(C1) PLmax(C1) PImS(CH Pamax(c2) PS5 pkpk(C3) PBrms(C1) PLms(C1) PZmax(C1) PIms(ca PA:man(C2) P50kpkiC3) PBIMS(C1)
valug 1097V M3V 130mv TV ValuE 1831V 43V 124 my 592V
status v v v v status v v v v

imebase -302 3g

Roll 100

121012012 20153 PM A, Trailing number(s} in the filename were truncated 1o allow auto-numbering

Figure 55 — 90 VAC, 60 Hz Output Short Condition. Figure 56 — 132 VAC, 60 Hz Output Short Condition.
Upper:lpran, 1 A/ div. Upper:lpran, 1 A/ div.
Lower:Vpran, 100 V, 100 ms / div. Lower:Vpran, 100 V, 100 ms / div.
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14.8 A —F B EE
The LED load was disconnected from the driver.

File Vertical Timebase Trigger Display Cursors Measure Math Analysis Utiiies Help

Cursors Measure Math Analysis Utiliies  Help

File Verical Timehase Trigger Display

Measure P1ms(C1 PZMaKCT) Famscs PamaxC3) PSIpKpK(C3) PEIMS(C1) Msasure P1ms(C1) PZmax(C1) FIms(ca PdmaxC2) PSpkpK(C3) PEirms(C1)

value 5661V 583V value 6775V 694V

status v v status v v

LeCroy 2 LeCroy

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

CH4:Vour, 10 V, 200 ms / div.
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File Vertical Timebase Trigger Display

wrsors  Measure Math Analysis  Ulllities  Help

e Vertical Timebase Trigger Display Cursors Analysis  Utilties  Help

PEMSCD

Measure Flams(C1) P2min(C1) Pamax(C2) P5:pkpk(C3) PB:ms(C1)
value 4958 1326V 953 my av
status v v v v

Figure 59 — 90 VAC, 60 Hz.
Upper:lp7, 1A/ div.
Lower:Vp7, 10V, 2 ms / div.

File verical Timebase Trigger Display Cursors Measure Math A

1 |
Measure P1rms(C1) PZmin(C1) P3ms(CD Paman(C2) PEMS(CT)

value 5528V 1370V 1094 145V
v v v s

PS:pkpk(C3)

LeCroy

Figure 61 — 132 VAC, 60 Hz.
Upper:lp7, 1 A/ div.
Lower:Vp7, 20V, 2 ms / div.

=S

i
PIrms(Ca

Measure P1Ims(C1) F2min(C1) Pamax(C2) PSkpK(C3) PEIMS(C1)
valug 55.00% 1339V 1307V 419V
status v v v v

al
ge  Posiiive
g for Trigger

Figure 60 — 90 VAC, 60 Hz.
Upper:lp7, 1 A/ div.
Lower:Vp7, 20 V / div., 5 us / div.

Trigger Display Curs &t Analysis  Utiies  Help

Yy
o - - A A
&
Measure Flams(C1) F2min(C1) PIrms(C3) Pamax(C1) Papkpk(C3) PBImS(C1)
valug £33V 1383V 1471V 448V
status v v v v

LeCroy

Figure 62 — 132 VAC, 60 Hz.
Upper:lp7, 1 A/ div.
Lower:Vps, 20 V / div., 5 ps / div.
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15 {zE& 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 HBDtvr7vT

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.

7:5)}?:-;-:-

24 e

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.
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15.2 FABEAEE

Power Integrations RBW 9 kHz
07.Dec 12 21:48 MT 500 ms
Att 10 dB AUTO

dBupv

EN55015%0 LIMIT CHECK PASS

9 kHz 30 MHz

EDIT E

Tracel: ENZ5015Q

Tracel: ENS5015A

Trace3: -

TRACE FREQUENCY LEVEL dBpv DELTA LIMIT dB

1 Quasi Peak 69.43 Ll gnd -11.62
2 Average 133.4549586145 kH= 68.36 N gnd
2 Average 140.262531674 kH= 38.70 L1 gnd
1 ©Quasi Peak 264.45018761 kH=z 54.05 L1 gnd -7.23
2 Average 267.13508948¢6 kHz 46.46 Ll gnd -4.73
1 ©Quasi Peak 397.727746704 kH=z 47.97 L1 gnd —-9.92
2 Average 401.705024172 kHz 41.31 L1 gnd -6.50
1 ©Quasi Peak 530.7692197%5 kHz 49.87 Ll gnd -6.12
2 Average 930.7692197%5% kHz 42.20 Ll gnd -3.79
1 Quasi Peak ce0.656865747 kHz 42.26¢ Ll gnd -13.73
2 Average 667.263434405 kHz 33.72 Ll gnd -12.27
1 Quasi Peak 798.145472681 kHz 42.47 Ll gnd -13.52
2 Average 798.145472681 kHz 36.78 Ll gnd -9.21
1 Quasi Peak 926.62211%652 kHz 42.24 L1 gnd -13.75
2 Average 926.62211%652 kHz 32.58 Ll gnd -13.41
1 Quasi Peak 2.116297335%5% MH=z 40.80 L1 gnd -15.19
2 Average 19.8557266951 MH=z 36.09 L1 gnd -13.90
1 <Quasi Peak 20.457375065%7 MH=z 44.92 Ll gnd -15.07
1 Quasi Peak 27.5734507982 MH=z 44.75 Ll gnd -15.24
2 Average 27.8491853062 MHz 36.93 Ll gnd -13.06

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

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.

+Z0U5Aiv

| Edge ry
-/ Mormal
| ©.200kY

Hax (C1) 425.000U
Hax (C2) 421.615V

Input C Injection
Level Injection Test Result
Voltage . Phase Type ]
\ Location o Pass/Fail
V) (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
Input I Injection
Level Injection Test Result
V) V((\)/ItAaé])e Location Ph(zoa)se e (Pass/Fail)
+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
2012-12-14 12:52:25 Normal
Stopped i i 1 : : 1 : : wt:)HS/S ftﬁauww

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

CH1:U1 VDS.
CH2:C2 Voltage.

Power Integrations, Inc.
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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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