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DER-350 20 W PAR38 Dimmable LED Driver Using LYT4317E 20-May-13
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20-May-13 DER-350 20 W PAR38 Dimmable LED Driver Using LYT4317E
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DER-350 20 W PAR38 Dimmable LED Driver Using LYT4317E 20-May-13
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Figure 1 — Populated Circuit Board Photograph (Left) and Placed Inside a CREE PAR38 Lamp (Right).
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DER-350 20 W PAR38 Dimmable LED Driver Using LYT4317E 20-May-13

Figure 3 — Populated Circuit Board Photograph (Bottom View).
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DER-350 20 W PAR38 Dimmable LED Driver Using LYT4317E

2 It AScH0l AL
Oteh H= CXele =4 o8 ds= UEHELICH A ds2 23 A80 HELO
USLICH
493 s 2 | et | =ICH = 49

ozl
= 7
o VN 90 120 132 VAC
2|:—E|'—J|K— fLINE 60 Hz
]
=8 MY Vout 33 36 39 V
E2 M= lout 550 mA
= ERCE
L = M Pour 20 w
S8
- = Vour = 36, Viy = 120VAC, =8
Z 25t n 85 % T asec
3
dEH EMI CISPR 15B/EN55015B
oF % & zoy
2 101 2(100kHz)

CIHe & 2&(L1-L2) 2.5 kV

HH 2 E(L1/L2-PE)
CIT @l & A XI(1.2/50ps) 500 v

= Vouryey, loutrye

AE 0.97 120VAC, 60Hz Ol Al S &

_ - Pn<25W 2 22 2dACE
ST SR EN 61000-3-2 22§ A D(C) SoADHBAE KX
=2 Tavs | 45 | | °c MRS, AdnE

Power Integrations E
Tel: +1 408 414 9200 Fax: +1 408 414 9201
Page 7 of 57 www.powerint.com



DER-350 20 W PAR38 Dimmable LED Driver Using LYT4317E

20-May-13

3 =2k

c13
R26 100 pF
300 200V
D2 SouF S0F P23 sev,
DFLU1400-7 ; s ~ U "Gl 20ko ssoma
g P 0
3
D7
ro L ‘ BYW29-200 = F 2
BRI 10k0 3 3 T RN
8105-G BW 3 3 19||Caz -
600V D6 P4
. BAV21
g
R0 Cs co
390 100 nF 3 = 56 uF
1BW 50V 50V
R10 L =
b c4 [
< R6 L e
3 = 180 nF 3R 2.2 uF
$15Me 250V | 400V
m
K D8
R28 Ds R18 BAV21
D10 w
BAV2IWSTF 3 Savin 31 "~
AMA—e LYTSwitch-4 {TROL 116 W a
R1 c1 vh BP 35>
F1 5100 220nF § LYT4317E ggg
5AC 1W 250V VRS 3
8 1N52458-T| - S lee wwsto0s 2 o1
90- 132 3] cs 15V |08 H ==100 nF
v vac. o Bk o0k 4 R14 AW 50V
499kQ
™1 ™2 BY H & 3 1% cl4 Rer b R22
oW ¥ 1000 visw C8I= | tonE = 08, 3 1ka
o0 47 4F 110 W [l
¢ AW 470 pF
250 VAC
P1-6934-052213

Figure 4 — Schematic.

Power Integrations, Inc.

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

www.powerint.com

Page 8 of 57



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

4 32 &

LYTSwitch-4 CIHFOI A= LED S20IH] OHZ 2101 &0IA AFRSIES AHE AES Y
670V X2 MOSFET)I =8'% HMZQLICH LYTSwitch-4= UME Zero|w
EEEIIOH/H MESIES THE0] 2O AC 2NN £E ABES SXSHEA

1IXE0A X2 2202 K&

41 2= ZEE

EXFIS 2E 22 UM Al ©5 J152 MZELICH CIH a4 (1.2us/50ps) 240! A X2
o5 SHE WAl SUof HDX =2 N M= di”iﬂQLIEP. LYTSwitch-42]
AEB Q12 DEE 2R JISS D2 ¥ C6 I ZAI HIMAIES B 2Bo=
D50 1ICS] MOSFETO Zi2ls 20 MY AEYAS MBHELICH CIHAA 2401 A X
HMOL0| >500V0l FQ MEIE MOV (2= ASI2 HH2IAH) RVI0 AFZEUSLICH

A= 20 &s 82 132VACELE QPJ =2 140VAC E3H 230 8T UASLICH
SclXl U0lLE BR12 1AE A& MF70 £2 SLEA Z(LHEE)E MSBot=e
HIHAIE C4E Solf AC B8 &M= F=FELICH

OIS H L1t HINAIE C2, C4 & CYL0IA EMIE =l . =3
Mg R2, R24= 2H 23 € AC ctel JOEALS LC S8 = HEELILL 0] &2
ZMAPDIX HE B B=d EMIDE SOt &= USLILH

4.2 LYTSwitch-4 1 =

EWALD(TYS BHES DC HAN HAED (2 =S 222 [10|QC D4 =
LYTSwitch-4 © DRAIN(D) E0i <Z=LICt I MOSFET 0 & 12l AEHL
M2 1UE2 S S06H01 HIUXIZE MESHD, 0 0L Xl= I MOSFET 0
/\FEHOI [[H % 24 O E I—| CI-El L_l [:I,

KO O OH
|E e St

I3 2o d HES ULl MIBaH| 9o S0 IR ACTII=ED2E S c6S
SXELICL J8 C12 R10 2 Sdl Ul o VOLTAGE MONITOR(V) H0il HR2
ZZELCH N RISV B MBI U FOH0A BEEE HE gfxlom 215104
HRE ACO AT+ 8N 20 AIMOZ C69 UM FZE MBBLICHPFS 242
e

e BAY AOIE JISS SilM BRE 22 MY LMK L L2 BE ANS U=
I+9) MOSFET 2| 650BVpss B2 2 S &8 LICH

V & MF=2 FEEDBACK(FB) Bl 8F7= LHFXR2Z B =4 LED 8% E M Oiot)| <loH
AMEELICH a2 T HS2lAH 08 0l= 49.9kQ M e 0l REFERENCE(R) £(R14)0il

AMEE LD 2MQR10)01 V B0 AIEE0, 5 gy =28 dF 242 dd HAE
LIt Tetd TRIAC CIGI2 S AFSE M Ol E20F 2 s LICH

Power Integrations E
Tel: +1 408 414 9200 Fax: +1 408 414 9201
Page 9 of 57 www.powerint.com
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20-May-13 DER-350 20 W PAR38 Dimmable LED Driver Using LYT4317E

5 BOM

Iltem | Qty | RefDes | 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 C3Ci14 10 nF 50 V, Ceramic, X7R, 0603 C0603C103K5RACTU Kemet
5 1 Cc4 180 nF, 250 V, Film ECQ-E2184KB Panasonic
6 1 C5 100 nF, 50 V, Ceramic, X7R, 0805 CCO805KRX7R9BB104 Yageo
7 1 C6 2.2 uF, 400 V, Electrolytic, (6.3 x 11) TAB2GM2R2E110 Ltec
8 1 Cc7 2.2 nF, 630V, Ceramic, X7R, 1206 C3216X7R2J222K TDK
9 1 C8 47 uF, 16 V, X5R, 1206 3216X5R1C476M TDK
10 1 co (5:;515:8 V, Electrolytic, Very Low ESR, 140 mQ, EKZES00ELL560MF11D Nippogocr;]hemi_
11 | 2 | ciici2 | 3304 63V, Electrolytic, (10 x 20) EKMG630ELL331MJ205 [ United Chem-
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 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 Dgl%B 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, RM6, 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 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 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.

E
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Output
oFL2
10
[ )
W3 8T
Bias 2X #28
AWG
11

Figure 7 — Transformer Electrical Diagram.

6.2 &IIZ A

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

6.3 MZ
Item Description

[1] Core: RM8/1, 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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W3 - Finish (P11)
W3 - Start (P10)

6.4 EGAZH HEF PET

W?2 - Finish (FL2)
W2 - Start (FL1)

W1 - Finish (P12)
W1 - Start (P1) —

90000000000000 I i
000000000000

COCO0O0000000N | -

Fsssceceeeeceee :

Figure 8 — Transformer Build Diagram.

6.5 E&AZ[D 74

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 i_tem [6], use smal_l tape to mark as FL1, enter int.o slot of

(Secondary) secondary side of Pobbln, wind 11 turns in one layer. At the last turn exit the same
slot, leave about 17, and mark as FL2.

Insulation Apply one layer of tape item [3].

WDG 3 (Bias) Starting at pin 10, wind bifilar 8 turns of wire item [5], spreading the wire, and finish
at pin 11.

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 in_ductanc_e. _

Assemble and secure core halves. Dip impregnate using varnish item [7].

Page 17 of 57
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7 E®AEMN CIXL ATYEAE

IACDC_LYTSwitch_101712; . .
Rev.1.0; Copyright Power INPUT INFO  |oUTPUT UNIT #&i\?oltrﬁérlgg.l;n 'ggf’:ac('j‘sh oot
Integrations 2012
ENTER APPLICATION VARIABLES
Dimming reuired YES YES Fequired. Othemise select NO"
[VACMIN 90 vV Minimum AC Input Voltage
VACMAX 132 \ Maximum AC input voltage
IfL 60 Hz IAC Mains Frequency
VO 26.00 26 \/ Typical output voltage of LED string at
full load
VO_MAX 39.00 39.00 vV Maximum expected LED string Voltage.
[VO_MIN 33.00 33.00 \ Minimum expected LED string Voltage.
V_OVP 42.90 vV Over-voltage protection setpoint
10 |0.55 0.55 A Typical full load LED current
PO 19.8 W Output Power
n |O.85 0.85 Estimated efficiency of operation
VB 25 \ 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
IS 132000 Hz Switching Frequency
fSmin 124000 Hz Minimum Switching Frequency
fSmax 140000 Hz Maximum Switching Frequency
\Y 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
LY TSwitch on-state Drain to Source
VDS 10 \V Voltage
Output Winding Diode Forward Voltage
VD 0.50 \V Drop (0.5 V for Schottky and 0.8 V for
PN diode)
VDB 0.70 \/ girz:l)%Winding Diode Forward Voltage
Key Design Parameters
Ripple to Peak Current Ratio (For PF >
KP 0.97 0.97 o.g,po. A< KP < 09) (
LP 389 uH Primary Inductance
VOR 102.00 102 \ Reflected Output Voltage.
Expected IO (average) 0.55 A Expected Average Output Current
KP_VACMAX 1.08 Expected ripple current ratio at VACMAX
Minimum on time at maximum AC input
TON_MIN 1.83 us oltage P
PCLAMP 0.16 W Estimated dissipation in primary clamp
ENTER TRANSFORMER CORE/CONSTRUCTION VARIABLES
Core Type [Rms/1 RM8/I
Bobbin RM8/I_BOBBIN P/N: *
IAE 0.63 cm”2 Core Effective Cross Sectional Area
LE 3.84 cm Core Effective Path Length

g Power Integrations, Inc.
Tel: +1 408 414 9200 Fax: +1 408 414 9201
www.powerint.com Page 18 of 57



20-May-13 DER-350 20 W PAR38 Dimmable LED Driver Using LYT4317E
AL 3000 nH/T"2  [Ungapped Core Effective Inductance
BW 8.6 mm Bobbin Physical Winding Width
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
IVMIN 127 \ 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 A Average Primary Current
P 1.29 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 _l\/laxmum_ Prlma_ry Wire Diameter
including insulation
INS 0.06 mm Estlmateq 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)
oM 161 Cmils iirse conductor effective area in circular
Cmils/Am |Primary Winding Current Capacity (200
CMA 416 p < 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
cMS 14 Cmils S_econdary Bare Conductor minimum
circular mils
Secondary Wire Gauge (Rounded up to
AWGS 26 AWG next larger standard AWG value)
DIAS 0.41 mm S(_acondary Minimum Bare Conductor
Diameter
oDS 0.78 mm Secondary Maximum 'Out3|de Diameter
for Triple Insulated Wire
VOLTAGE STRESS PARAMETERS
Estimated Maximum Drain Voltage
[VDRAIN 394 \V assuming maximum LED string voltage
(Includes Effect of Leakage Inductance)
PIVS 110 \/ Output Rectifier Maximum Peak Inverse

\Voltage (calculated at VOVP, excludes

Page 19 of 57
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DER-350 20 W PAR38 Dimmable LED Driver Using LYT4317E 20-May-13

leakage inductance spike)

Bias Rectifier Maximum Peak Inverse
PIVB 77 \V \Voltage (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 \ 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

V_ OV 1611 \/ Typical AC input voltage at which OV

shutdown will be triggered

Typical AC input voltage beyond which

V_UV 34.5 v power supply can startup

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 vV Test Bias Voltage Conditionl
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 (hew) 165.4 k-ohms [New RFB1

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

g Power Integrations, Inc.
Tel: +1 408 414 9200 Fax: +1 408 414 9201
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8 L12YH At

8.1 A&J/F P&
4 O

250T
#32 AWG

[ ]
5
Figure 9 — Inductor Electrical Diagram.

8.2 H&IIE A

Primary Inductance Eé%sk‘:'_s 8!I40\t/t;:ﬂr:vmdmgs open, measured at 2 mH £5%
Resonant Frequency Pins 4-5, all other windings open. 750 kHz (Min.)
83 MZ
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-RM®6/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
Tel: +1 408 414 9200 Fax: +1 408 414 9201
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8.4 COISH HF PEL

250T - #32 AWG

G
G

! 00000000
&\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\
Figure 10 — Inductor Build Diagram.

.
|

8.5 9/5H 74

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].

g Power Integrations, Inc.
Tel: +1 408 414 9200 Fax: +1 408 414 9201
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10 &= GIolH

All measurements performed at room temperature using an LED load. The table in

Section 11.6 shows complete test data values.

10.1 &&
88
=+=11LED
=m=12 LED
=4=13 LED
87
A
86 “““"’gﬁﬁgh
S )
>
O
% 85 A
o
(i
84 _
X
83
82 ” ”

85 90 95 100 105 110 115 120

Input Voltage (VAC)
Figure 14 — Efficiency vs. Line.

135 140
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10.2 &8 & Fof df=24)/0/4
630

==11 LED
=m=12 LED
600 =2=13 LED

570 1

540

510

Output Current (mA)

480 1

450 1

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

Input Voltage (VAC)
Figure 15 — Regulation vs. Line and Load.

Power Integrations g
Tel: +1 408 414 9200 Fax: +1 408 414 9201
Page 27 of 57 www.powerint.com



DER-350 20 W PAR38 Dimmable LED Driver Using LYT4317E 20-May-13
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Figure 16 — Power Factor vs. Line and Load.

g Power Integrations, Inc.
Tel: +1 408 414 9200 Fax: +1 408 414 9201
Page 28 of 57

www.powerint.com



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

10.4 A-THD
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Figure 17 — A-THD vs. Line and Load.
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10.5 ZZX0f 8 F

The design met the IEC61000-3-2 Limits for Class C equipment (section 7.3-a) for an
Active input power of >25 W, which states that the harmonic currents shall not exceed
the related limits given in Table 2 - Limits for Class C equipment.

10.5.1 11LED =6t

160

m Class C (D) Limit
150 1 = mA Content

140
130 1
120

e
© O K
o © o

Harmonic Current (mA)
N W b OO0 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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10.5.212 LED 2ot

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

150 +o

& 100 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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10.5.3 13 LED ot

190
J mClass C (D) Limit

180 = mA Content

170 +

Harmonic C
\]
(@]

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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10.6 H/AE LIO/E

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

10.6.1 HIAE HIOIE, 11LED 2ot

Input Measurement Load Measurement Calculation
Vo) | ey | ¥y | PF | PR | 02 | iy | O [ o | omy | o
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 |1 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

10.6.2 HHAE OI0IH, 12LED ot

Input Measurement Load Measurement Calculation
Vo) [ ) | 3 | PF | 9ATHO | 25 | iy | b | O | o0 | o
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 85.63 341
132.08 | 194.00 | 24.923 ] 0.973 | 21.23 36.76 | 582.69 | 21.50 | 21.42 86.25 3.43

10.6.3 HIAE OI0IH, 13LED £t

Input Measurement Load Measurement Calculation
o) | i | o) | PF [ 28T [ 25 | iy | 8 | o [ o0 | oy
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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10.6.4 120VAC 60Hz, 11LED 2ot )21t G0l &

Current Harmonics Limits for IEC61000-3-2

\% Freg I (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%

E

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

10.6.5120VAC 60Hz, 12LED £ot 1A 1t GI0IH

Current Harmonics Limits for IEC61000-3-2

\% Freg I (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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10.6.6 120VAC 60Hz, 13LED S ot )21} GOl E

Current Harmonics Limits for IEC61000-3-2

\% Freg I (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%

E

Power Integrations, Inc.
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11 0¥ ds UiolH

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 loytr (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.

11.1 Agilent 6812B AC £ AZE A/E5/0/&3 CIE XA CIHE AIEE IS [/ E &

100

= == NEMA Limits (Max) P
90 4-|==Output Current (0-180) P4 &
== Qutput Current (180-0) ’ -~

== NEMA Limits (Min /
80 | (Min) Y

70 +

60 1

50

40 o

30 1

Relative Output Current (%)

20 1

0 v ' ’ .

0 20 40 60 80 100 120 140 160 180
Phase Angle (°)

Figure 21 — Dimming Curve at 120 VAC, 60 Hz Input.
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11.2 TRIAC J/E! LI H E AtEE HHE £ EfE 2/(<200ms)

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 i
o
T d
| 1
| 1
| 1
i
Measure Plms(C2) P2max(C2) P3ms(C3 P4mean(C3) Pa:pkpk(C3) PEms(C1)
value =E13my 29516 mA 29114 mA
status L L v v

Xl= 18.186ms &%= -114.143ms
= 95 98Tms 1= -B 76094 He

120102012 B:49:13PM

LeCroy

Figure 22 — Measured Start-up Time 114 ms.
Flicking the Switch ON, Dimmer at Full
Conduction.

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

T
T
I
I
T
T
T
I

ESER

i
PImMS(C3)
337.94 mA

%

Measure PLms(C2) PE:pkpk(C3) PEmS(C1)
value 187 mv
v

status

P2max(C2)
aizmy
v

Pamean(C3)
23259 mA
%

X2= -1658415ms 1AX= -543486 Hz

LeCroy 1211002012 6:50:32 PM

Figure 23 — Measured Start-up Time 184 ms.
Quickly Sliding the Knob from Minimum
to Full Conduction.

Upper: lout, 100 mA / div.
Lower: l,y, 500 mA, 50 ms / div.
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DER-350 20 W PAR38 Dimmable LED Driver Using LYT4317E

11.3 TRIAC J/Et [IHE At EE 19 B2 Z2/E
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).

61 mA

File sure Math alysis  Utiliies  Help

54 mA

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

Measure P1ms(C2) PZmax(C2) PIms(C3 P4mean(C3)
valug =813my H.75mA 28,37 mA
status & i3 % %

PEPRIKCI) PEms(C1)

W= MBddms O
1= 2729185 1 351536

184466

LeCroy 121072012 6:34:00 PH

Figure 25 — 35° Conduction Angle at 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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11.4 [IHE AIEE 18 £5 &7 & &4 N7 I8

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

i
Measure P1rms(C2) P2max(C2) P3ms(C3) Pdmean(C3) P&:pkpk(C3) PErms(C1)
value 186.8 my 640 mv 540.87 mA 530.06 mA
status v v v v

LeCroy

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

i
Measure Plms(C2) P2max(C2) P3ms(C3) P4mean(C3 P5:pkpk(C3) Perms(C1)
value 160 mv 126V 28320 mA 27357 mA
status v v v v
100 v
-305 00 ma}

Fi_gu re 27 — 90° Conduction Angle.
Upper: loyt, 100 mA / div.
Lower: Iy, 500 mA, 5 ms / div.

Processing ..

N N

i
P3:ms{C3)

Measure P1rms(C2) P2Zmax(C2) Pdmean(C3) PSipkpk(C3) PBrms(C1)
value 138mv 125y 161.40 ma 157.00 mA
status v v v v

100 maciv|

-305.00 ma) il
LeCroy 12102012 55713 P

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

- ~ r |

i
P3:ms(C3)

Measure P1rms(C?) P2max(C2) P4'mean(C3) P& pkpk(C3) PBrms(C1)
value 123my 992 mv 7777 mA 7659 mA
status v v v v
20,0 sy
-61.00 MA) 5
LeCroy Processing .

Fi_gu re 29 — 40° Conduction Angle.
Upper: loyt, 20 mA / div.
Lower: l;y, 500 mA, 5 ms / div.

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

E

Page 40 of 57



20-May-13

DER-350 20 W PAR38 Dimmable LED Driver Using LYT4317E

115

11.6 =224 =

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) (:7“1"1'0“\) VRMsMAX) (Ir’;"{‘&() 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 R62-06633-1LW 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-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
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DER-350 20 W PAR38 Dimmable LED Driver Using LYT4317E 20-May-13

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
Lutron L AY-10P-WH 245 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 VPI06 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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12 WE 85

12.1 PAR38 X9 MHEZ £&F

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.

i
00’}
4

'

'

0'010'
'

Ae

Doioy 1512 16:05:05 e eIEEZRE (O]

1Amin/div 3 18min/div 3
o Ho
s =z
& /

15838 15:50

16218 16230 1620 182
8.4 '

- 15224 15846 16280
) ' Wﬂli o iii °p 99.2 ¢
94.5 - | 7.2 ¢ 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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12 3 132VAC, b’/E/D/

12 15:24:27 (e e IEIEER (O)

T e
18dminSdiy =
)
P
—— E
2
17: 1@ 17 17250 1810

93.8 ¢
111.4 -¢ 162.4 ¢ 84.2 ¢
Figure 34 — 132 VAC.

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

12 4 120VAC, 90° &2

ll£1m|m’|:||'uI S
)
= e s
17iEa 17028 17548 1268 18
96.4 -c

97.8 ¢
Figure 35 - 132 VAC.

BR1, L1, R1, R8, Q1.

97.8 ¢

lﬂmlnfdlu

61.3 -c

9.9 ¢ 69.7 -c | 91.2 ¢
Figure 36 — 120 VAC, 90 ° Conduction Angle.
AMBOUT, U1, D7, D4, T1, C11.

lE'Imlm"u:Iw 20
]
18
190 ER 19524 1940 2AEA =5
181.8 -c

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

92.3 -¢
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13 HICIY Its

og

131 E§ M7 2 g8 HF IS

File Verlical Timebase Trigger Display

rsore  Measure Math Analysis  Ulilities

i
P3ms(C3)

Measure P1:rms(C2) PZmax(C2) Pdmean(C3) P5:pkpK(C3) PEIMs(C1)
valug 221.9 my 298 v 470.7 mA 4626 MA
status v v v v

Upper: loyt, 100 mA / div.
Lower: l,y, 100 mA, 5 ms/ div.

File orsore Measure Math Analysis Utlities Help

b i
Measure P3ms(CH

P1ims(C2) PLmaxC2) Pd:mean(C3) P5:pkpk(C3) PEMS(C1)
value 180.0mv 250 v S84.7 mA 5748 A
status v v v v

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

Figure 39 — 132 VAC, 36 V LED Load.
Upper: loyt, 100 mA / div.
Lower: l,y, 100 mA, 5 ms / div.
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132 FY HS A EF HF Y £ M IS

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

nalysis  Utilities  Help

nalysis  Ulilties  Help

—
Measure P1rms(C1) P2max(C1) P3ms(C3) Pémean(C3 PS:pKOK(C3) PEIMS(CT) Measure P1rms(C1) P2:max(C1) PIms(C3) P4mean(C3 PS:pkpK(C3) PEIMS(C1)
valug 36,68V 390V 264,66 MA 45714 mA 256 MA value 0V 393V 548.45 A 539.97 MA 291 mA
v v v v status v v v v

status

19,60V of
LeCroy

121002012 10:39:44 AM

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

1202012 10:41:22 AW

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

nalysis  Ulllities  Help

Measure
value
status

P2max(C1)
393V
v

P1irms(C1)
3710V
v

Figure 42 — 132 VAC, 60 Hz Full Load.

P5pkpkiC3)
3N5mA
”

G o)
) o 454 ma

P4mean(C3)
572.25 mA
v

&
P3ms(C3
581.56mA
o

Upper: loyt, 100 mA / div.
Lower: Vout, 10V, 5 ms / div.

Pé:rms(C1y
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13.3 AEIEZ A/ &8 M & £E HF IS

File Verical Timebase Trigger Display Cursors Measure Math Analysis Ullities Help File Verical Timebase Trigger Display Cursors Measure Math Analysis Utiliies Help

0

@

[

I \Vﬁg\/ﬁv \//\\/\uf\v’\v!\vn\jk V‘\\/\ V\AI\A \JV\P A"v y ——/\// { r/ ik fﬁ M ﬂ /\ ﬂ ﬂ‘ ﬂ ﬂ \! :

vvu\fvuu\.\wuvuu'«'vﬂu‘vv“vvd

T i
Measure P1rme(C4) P2max(C1) P3ms(C3) Pamean(C3) PSIpkOK(C3) PEImMs(CT) Measure: Plrms(C4) PZmax(C1) Parms(G3) Pamean(C3) PSpKPKICT) PBms{GT)
value 91.2v 296V 34268 mA 262,80 mA 556 mA value 1329V 40BY 44216 mA 34604 mA 694 mA

% %

status v v % % v status v L4

LeCroy 12072012 111531 AW A\ Trailing numberts) In the filename were truncated o allow auto-numbering

Figure 43 — 90 VAC, 60 Hz. Figure 44 — 132 VAC, 60 Hz.
Upper: loyt, 100 mA / div. Upper: lout, 100 mA / div.
Lower: Vout, 100 V, 50 ms / div. Lower: Vour, 100 V, 50 ms / div.

13.4 AEIEG N £ M & £ HF IIE

File Verical Timebase Trgger Display Cursors Measure Math Analysis Ulities Help e Verical Timebase Trigger Display Cursors Measure Math Analysis Ulliles Help

0 i
Measure Plms(C1) P2max(Cl) PIms(C3 Pamean(C3 P5pkpK(C3) PhImS(G1) Measure PLMSCT) PZmax(C1) PIrms(Cy P4mean(C PERKRKICT) PE.mMS(CT)
value 2847V 400V 31989 mA 22834 mA 559 ma value 2894V 408V 397.89 maA 28371 mA 692 mA
status % 4 % % v status % v % %

LeCroy BEEET D/ZMZ‘H 0752 AN A&, Tralling number(s) in the filename were fruncaied to allow aulo-numbering.

Figure 45 - 90 VAC, 60 Hz. Figure 46 — 132 VAC, 60 Hz.
Upper: lout, 100 mA / div. Upper: lout, 100 mA / div.
Lower: Vout, 10 V, 50 ms / div. Lower: Vout, 10 V, 50 ms / div.
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XTI Al Xt = A/EE//‘Q/ 57’01- al ﬁ_]g

oo TTIo = =<

13.5

Measure Math  An

Trigger Display Cursors

File Verical Timebase Trigger Display Cursors Measure Math Analysis Ullities Help

Measure P1rms(C1) P2max(C1) P3ms(C2 Pamax(C2) Paipkpk(C3) PEImMs(CT)
value 1259¥ 308 Iamy 1098y

slatus v v v

LeCroy

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

[y
i
Measure PLIMS(CT) P2maXC1) PIrms(c3 PAMaX(C2) PSpRpK(CT) PBIMS(CT)
value 1867V 08v 4533 my 1105V
status M v M v
LeCroy

Figure 48 — 90 VAC, 60 Hz.
Upper: Iprain, 0.2 A/ div.
Lower: Vpran, 100V /div., 5 us [ div.

Measure Math Analysis Utilles Help

File Verlical Timebase Trigger Display Cursors Measure Math

i
Measure P1rms(C1) P2max(C1) P3ms(C2) P4 max(C2) Pipkpk(C3) Perms(C1)
value 1728V 375V I Amy 1182V

v v v o

LeCroy

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

Trigger Display Cursors

M
[y
b b A L A
. T - T "
] | i
2 e - bl
i
Measure PL.Ms(C1) P2max(C1) Parms(C2 PAmax(C2) PEDKRRICT) PBims(CT)
value 2322V v 411.5 mv 1182V
status v £ v

i
aiting for Trigg

LeCroy

Figure 50 — 132 VAC, 60 Hz.
Upper: Iprain, 0.2 A/ div.
Lower: VDRAIN! 100V/ diV., 5 uS [ div.
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Analysis  Utlitles Help

File verical Timebase Trigger Display Cursors Measure Math

File WVerical Timebase Trigger Display Cursors Measure MWath Analysis Utiliies

Measure P1irms(C1)y PZmax(C1) PIms(C2 Pa:max(C2) PS:pkpk(C3) PBIMS(CT)
walue 925V 267 Y 246V
status v v v v

&

er(s) in the fllename were fruncated to allow auto-numbering.

Figure 51 — 90 VAC, 60 Hz Start-up.
Upper: lorains 500 MA / div.
Lower: Vpramn, 100V, 2 ms [ div.

File WVerical Timebase Trigger Display Cursors Measure Maih Analysis Utilies Help

B

PEImMsiC1)

Measure Flms(C1) PZmax(C1) PIMs(CY Pamax(C2) P5:pkpk(C3)
value 1200V 225V 492 mY 245V
status v v v v

100
S00KE 5 © ivel

121002012 1:31:19 FM

LeCroy

Figure 52 — 90 VAC, 60 Hz Start-up.
Upper: lorains 500 mA / div.
Lower: Vprain, 100 V, 10 ps / div.

e Vertical Timebase Trigger Displsy Cursors Measure Math Analysis  Ubilies Help

PIms(CD

Measure P1rms(C1)y PZmax(C1) P4:max(C2) P5:pkpK(C3) PEIMS(C1)
walue 1381V 299 254 My 259V
status v v v v

LeCroy 1210/20121:33.43 PM

Figure 53 — 132 VAC, 60 Hz Start-up.
Upper: Iprain, 500 mA / div.
Lower: Vpran: 100 V, 2 ms/ div.

Ee=n===—

PEImMsiC1)

Measure Flms(C1) PZmax(C1) PIMs(CY Pamax(C2) P5:pkpk(C3)
value 12408v 299 481 mY 259V
status v v v v

Figure 54 — 132 VAC, 60 Hz Start-up.
Upper: Ipran, 500 mA / div.
Lower: Vprain, 100 V, 10 ps / div.

LeCroy 12102012 1:34:01 PM
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13.7 £ S8t SENH S0 B L IZ

During output short condition, the Iz current falls below the Irg@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 DCag for as long as the fault condition persists.

e verical Timebase Cursors Measure Math Analysis Utiities Help

Trigger Display

P1ms(C1) PIms(C2 Pdmax(C2) PSpkpk(C3) PeIms(C1)

1007V 343V 130 mv TV
status v v v v

Measll'z PZmax(C1)

imebase -302 ag

Roll

121102012 2.01:53PM

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

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

wwwww

eeeee Plms(cl) PZmax(C1) PIms(c2) Pema (cz) P& pkpk(C3) PEms(C1)

walue 1831V 3y 124 my
status v 4 v I

A, Trailing nurnber(s) in the filename were truncated to allow auto-nurmbering.

Figure 56 — 132 VAC, 60 Hz Output Short Condition.
Upper: Ioramn: 1 A [ div.
Lower: Vprain, 100V, 100 ms / div.
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The LED load was disconnected from the driver.

Weasure P:ms(C1) PZMax(C1) PamsCD PaAX(C2) PSIPKPKIC3) PEIMS(CT) Measure P1ms(C1) PZmax(G1) PImMSC) PamaxC2) P5IKAKIC) PEmMS(CT)
value 5661V 583V value 67.75V 694V
status v v status v v
LeCroy 1211002012 231 JE LeCroy 121102012 23239 PM
Figure 57 — 90 VAC, 60 Hz Output Open Load. Figure 58 — 132 VAC, 60 Hz Output Open Load.
CH4: Vour, 10 V, 200 ms / div.

CH4: Vour, 10 V, 200 ms / div.
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rsors  Measure  Math

File Verlical Timebase Trigger Display

PIms(C3)

Measure P1ms(C1) P2min(C1) P4:max(C2) PS:pkpK(C3) PeIMs(C1)
valug 49.58Y 1326V 953 My 422V
status v v v v

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

121002012 3:33:56 PM

File Verical Timebase Trigger Display Cursors Measure Math Analysis Ullities Help

i
Measure P1rms(C1) P2min(C1) P3ms(C2) P4 max(C2) Pipkpk(C3) Perms(C1)
value 5528V 1370V 1094V 145V

v v v o

LeCroy

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

e Verical Timebase Trigger Display Cursors Measure Math Analysis Uliifies Help

=g

i
P3rms(C2)

Measure P1ms(C1) PZmin(C1) Pa'maN(C2) PSKPK(C3) PBIMS(CT)
value 5500V 1339V 1307V 418V
status v v - v

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

LeCroy Waiting for Trigoer

File Verical Timebase Trigger Display Gursors Analysis  Utilifles  Help

[y
il [- i s - "
i
Measure P1rms(C1) PZmin(C1) PIrms(C2 PAmax(C2) PEDKRRICT) PBms{(C1)
value 6313V 1383V 1471W 448V
status v 4 v

LeCroy Waiting for Trigger

Figure 62 — 132 VAC, 60 Hz.
Upper: Ip7, 1 A/ div.
Lower: Vp7, 20V / div., 5 ps / div.
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14 84 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.

141 HAE &F

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.

:?:e;:l-f'?“"""'w

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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Power Integrations
07.Dec 12 21:48

dBpv

EN550150

9 kHz

Att 10 dB AUTO

RBW

MT

LIMIT CHECK

9 kHz

500

PASS

ms

30 MHz

Tracel:

Trace2:
Trace3:

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

Quasi Peak

N R RN RN R NRENRNRENENRE NN

Average

EN550150Q
EN55015A

FREQUENCY

133.454986145

140.262531674

kHz

kHz

264.49018761 kHz

267.135089486
397.727746704
401.705024172
530.769219795
530.769219795
660.656865747
667.263434405
798.145472681
798.145472681
926.622115652
926.622115652
2.11629733595
19.8557266951

0.4573750697
27.5734507982
27.8491853062

kHz
kHz
kHz
kHz
kHz
kHz
kHz
kHz
kHz
kHz
kHz
MHz
MHz
MHz
MHz

MHz

LEVEL dBuv

69 .
68 .
38.
54 .
46 .
47 .
41 .
49.
42 .
42 .
33.
42 .
36.
42 .
32.
40 .
36.
44 .
44 .

36.

43
36
70
05
46
97
31
87
20
26
72
47
78
24
58
80
09
92
75
93

Ll

N
Ll
L1
L1
L1
L1
L1l
L1
L1
L1
L1
Ll
L1
Ll
L1
L1
L1l
L1

L1l

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

gnd

DELTA LIMIT dB

-11.62

-12.
-13.

-9.
-13.
-13.
-15.
-13.
-15.
-15.

-13.

.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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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 Inlput Injection |I’U(;Ctl0|’l Test Result
V) VielEDE Location PIESE e (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 I3 Injection IS Test Result
V) Vit Location FnEEe e (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
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Stopped T ——T
________________________________ vge o 1
YN Ry SN T E iy N D A 0-z00k
St s e o e s
Hax (CZ) 421.615V
Figure 65 — CH1: 90° 500 V Differential Surge (No MOV).
CH1: U1 VDS.
CH2: C2 Voltage.
16 HE UG
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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