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Figure 1 — GU10 Bulb from CREE.
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Figure 2 — Populated Circuit Board Photograph, Top.
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Figure 3 — Populated Circuit Board Photograph, Bottom.

Power Integrations, Inc.
Tel: +1 408 414 9200 Fax: +1 408 414 9201
www.powerint.com Page 6 of 40




25-Sep-13 DER-387 5.1 W Non-Isolated Buck Using LYT0006D

2 It A=chOol At

Ot cH CIXtelel x4 olE &= LIEELO X ds2 20 A&E0l LIEX 0
USLICH
49 plk=d ZA | et | =l | &= &9
olad
= -
dY XS Vin 90 132 | VAC 2484 _PE. 28
s FO4E MetE X 2sU
=1t fLINE 47 60 Hz | 400Hz 2tol0ll AL E H <2 M4
MBS REELICH
£
= MY Vout 38 \%
= M2 lout 135 mA +5%, 90VAC-132VAC
E &2 &
s =5 M Pour S.1 W
[=3=3
120VAC, 38 V LED n 85 % Pour25 C Ol X
o9E
120VAC, 38 V LED PF 0.7 Pour25°CHIA =&
83
d=d EMI CISPR22B/EN55015B &%
1.2/50u M XI, IEC 1000-4-5, & &
ctel /\jXI AT A:
gl e 2E(L1-L2) 0.5 kv CHAE 2520
500A ttet 3l
& 910l 2(100kHz) X2 o] Cji:
el 2E(L1-L2) 2.5 kv CHelad 2= 20
TH e Tave 50 C TEEPEEEES

Power Integrations

Tel: +1 408 414 9200 Fax: +1 408 414 9201 E
Page 7 of 40 www.powerint.com




DER-387 5.1 W Non-Isolated Buck Using LYTO006D 25-Sep-13
c4
C3  224F
L1 R1 D2 100nF 1@V
47mH 100 DFLU1400-7 fB| |BP T 50V — 38V, 135 mA
—D— k1 T 'S
D s L2 v+
LYTSmitch-O 1.5mH
R2 & R3
LYT0006D 301 02301 0
1% § 1%
c1 c2 C5
== 47nF == 470 nF 56 uF =~
90 - 132 RV1 250 V 250 V 50V
VAC 140 VAC
D1
N MURS160T3G
o, 4
RTN
> O
PI-7141-092513 V-

Figure 4 — Schematic.

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

Page 8 of 40



25-Sep-13 DER-387 5.1 W Non-Isolated Buck Using LYT0006D

4 32 43

18 400 LHERH I A =ct0l= of0l AMF0l= & &0l LYTO006D(UL)E AtEdl &
&2 38VDCOIAl 135mASl M FE N=ELILH II9 MEd0ls &g 8= (CC)E
+SH 00 ot LEDE2 2 2 A ASLICH

4.1 o/a1 EMI E/Ba/

FX Fl2 84 dEitiA 312 25 JlsE M306tH, 22/Xl BR12 &I} 8% JlIs

HSeLICh HIMAIE C1, CZBP ClHel€ =3 L10l 84 EMI 73S %’—.‘/\Ialjl
FlolA m EHE AHELILL PF &8s =015 EEE ZHE SEo)| ol Het
R10| AtE&ELICH E&t J11LH/\|E1 ClJJ C28 OIUXl MEBE2Z AIE0tH et =02 E

=012 el AXI0ll CHoll 2= &FLICH.

4.2 LYTSwitch-0

LYTSwitch- 0 2 2=¢ct 2tel dIZ2d0/& 0 0~100°C(LYTSwitch-0 HOIA 25)° 82&

HI%HIOI g 2 A5t HIS S H0l LED S2t0IHE PE6t =S 2 X stE of
USLILCE HJ OIEE 2 MAl M&to AE S OITOi &I”OI ctol diZ2dlolEs €40t

2SH PIXI AZHEAIEE AR Q 3t gg= 0IXAe

AN (e}

20
i}g 0
C ok
D

LYTSwitch-0 MI&=20l= &2 2%0t HEotH =018 22 I AZel0IE 2
/st M Mt IS0l LHEZ O ASLICH

oI

fol

JAME ABIOIKE TSl MOSFET ASIXIZ &8 LYTO006D(UL), Z2lEE

012E(D1), MA ME(R2, R3), O+ QAE(L2), £ HINAIE(CE)R RALICH

Fle Hgts Mo AIOIZS MBS YIGHA HHES DCM 08 HESLICH AS|E
231510 SIoH IHAE Hol22 CHOI2ES MABSLICH

Iy 13
r & 2

fjo
i 1
i ¢

43 £ FZ

248 SEE SEG1 ECE LRI A WAS £ O2S0OLE NSUSUL.
LED OfZ2/30/49 YBt=ol Q122X =¥ SEE 70°C 8 ZBHELICH tre(<35ns)0)
Qe £ BRIIDN AHEEH, Ol e 01 HOO CHO|REJ}F o 22Y 2ER
MECls SO I} MOSFET SUIA A9I& 40| 24850 HRYLIC

A& MOI2E d=E22=2M diZ2d0lds RAELIL. 24 8FIF SItotH FB
E%*OI =O0LELICH Ol 80l VegE =S 82 80| Ve OFcHZ S HS THIHX
AOI20| d=gLIt. 8%JF R2-R3 0l A &A'EI—J C4 0l 2Joff EHEE = &
diZ2cll0l&8 S <ol FB 2122 g ELILH S8 ctel d=2diolds a6t

J Lo

d0 Jor o rE
ror ron |

Power Integrations

Tel: +1 408 414 9200 Fax: +1 408 414 9201 E
Page 9 of 40 www.powerint.com




DER-387 5.1 W Non-Isolated Buck Using LYT0006D

A2 FHA QICEAT} HAME S MY ASEY MA WEO A0 RS 0TS
21U

HEOI T A 94T Al E4(C4)S FEEDBACK It SOURCE Tl ALOI0| 2125101 52 T3 M4
S0l M2 2A2 S0/ f £20/ HIES YSUCH 0l HHAIEIS FB B2 239
M M2 PSS MEUSD B 1o HSSLICHL FB ED C4 AOIOI HS
ME0l Ze sLICh YUSHE I3 MU0l CIHIOIA Bo| 20 B 2 Mos
ZtotAl D] 2L LIC

45 9 L5 85 QS

0l J1JI0E 2E 25 25 IS0l gL,

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

Page 10 of 40



25-Sep-13 DER-387 5.1 W Non-Isolated Buck Using LYTO006D

5 PCB dlO0I0t=

.8 ¢
L22.2]

Figure 5 — Printed Circuit Layout, Bottom View.
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Figure 6 — Printed Circuit Layout, Top View.
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25-Sep-13 DER-387 5.1 W Non-Isolated Buck Using LYT0006D
6 BOM
Item | Qty g:; &9 Mfg Part Number Mfg
1 1 BR1 | 600V, 0.5 A, Bridge Rectifier, SMD, MBS-1, 4-SOIC MB6S-TP Micro Commercial
2 1 C1l 47 nF, 250 V, Film ECQ-E2473KB Panasonic
3 1 Cc2 470 nF, 250 V, Film ECQ-E2474KB Panasonic
4 1 C3 100 nF, 50 V, Ceramic, X7R, 1206 GRM319R71H104KA01D Murata
5 1 Cc4 22 uF, 16 V, Ceramic, X5R, 1206 EMK316BJ226ML-T Taiyo Yuden
6 1 cs 5615': » 50V, Electrolytic, Very Low ESR, 140 m®, (6.3 | ¢y 7r500E1 1560MF11D | Nippon Chemi-Con
7 1 D1 600 V, 1 A, Ultrafast Recovery, 35 ns, SMB Case MURS160T3G On Semi
8 1 D2 400 V, 1A, DIODE SUP FAST 1A PWRDI 123 DFLU1400-7 Diodes, Inc.
9 1 F1 3 A, 125V, Fast, Microfuse, Axial MQ3 Bel Fuse
10 1 L1 4.7 mH, 0.11 A, Shielded Radial Choke Caoil RL-8054-1-472KR11-S Renco Electronics
11 1 L2 1.5mH, 0.46 A, 10% RL-5480HC-3-1500 Renco Electronics
12 1 R1 10 Q, 5%, 1/4 W, Pulse Proof, Thick Film, 1206 SR1206JR-0710RL Yago
13 1 R2 30.1 Q, 1%, 1/4 W, Thick Film, 1206 ERJ-8ENF30R1V Panasonic
14 1 R3 30.1 Q, 1%, 1/4 W, Thick Film, 1206 ERJ-8ENF30R1V Panasonic
15 1 RV1 140V, 12 J, 7 mm, RADIAL V140LA2P Littlefuse
16 1 Ul LinkSwitch-TN, SMD-8C LYTO0006D Power Integrations
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7 A AZYEANE

ACDC_LYTSwitch-0_062013;

LYTSwitch-0_Rev_1-0.xls: LYTSwitchZero

E?Zé;lréot’ig:nospggfgt Power INPUT OUTPUT UNIT Design Spreadsheet
INPUT VARIABLES
VACMIN 90 90.00 Volts Minimum AC Input Voltage
VACNOM 120 120.00 Volts Nominal AC Input Voltage
VACMAX 132 132.00 Volts Maximum AC Input Voltage
FL 60 60.00 Hertz Select Line Frequency
VO 38 38.00 Volts =3 MY
10 137.500 138 mA R
Pout 5.23 W Output Power
Overall Efficiency Estimate j
EFFICIENCY 0.90 Calculated, or er%lter Measur(eAdeIg;itctigrE)?)tCh
CIN 0.51 0.51 uF Input Filter Capacitor
DC INPUT VARIABLES
VMIN 38.1 Volts Minimum DC Bus Voltage
VMAX 186.7 Volts Maximum DC bus Voltage
LYTSwitchZero
Selected LYTSwitchZero. Ordering info - Suffix
RoHS compliance
ILIMIT 0.375 Amps Typical Current Limit
ILIMIT_MIN 0.333 Amps Minimum Current Limit
ILIMIT_MAX 0.401 Amps Maximum Current Limit
FSMIN 62000 Hertz Minimum Switching Frequency
IRMS 104.55 mA Expected RMS current through LYTSwitch
VDS 4.8 Volts (I\j/lrzz\)gimum On-State Drain To Source Voltage
DIODE
VD 0.70 Volts Freewheeling Diode Forward Voltage Drop
VRR 400 Volts Recommended PIV rating of Freewheeling Diode
IF 1 Amps Recommended Diode Continuous Current Rating
Diode Recommendation BYV26C Suggested Freewheeling Diode
OUTPUT INDUCTOR
Core type Off-the-Shelf Off-the-Shelf gﬁl;;:t core type between Ferrite and Off-the-
Core size Select core size
Custom Core RL-nggoH e Enter custom core description (if used)
AE N/A mm*2 Core Effective Cross Sectional Area
LE N/A mm Core Effective Path Length
AL N/A nH/TA2 Ungapped Core Effective Inductance
BW N/A mm Bobbin Physical Winding Width
NL N/A Number of turns on inductor
BP N/A Gauss Peak flux density
LG N/A mm Gap length
oD N/A mm :\r/llgz:?t:ér: Primary Wire Diameter including
- - - —
INS N/A mm tEhsnt:ll?:]ztsesd) Total Insulation Thickness (= 2 * film
DIA N/A mm Bare conductor diameter
AWG N/A AWG gtgr;ﬁggi/dv'\g\l;\e/gsgaee)mounded to next smaller
CM N/A Cmils Bare conductor effective area in circular mils

WWW. powerint.com
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25-Sep-13 DER-387 5.1 W Non-Isolated Buck Using LYT0006D
. <

cMA NA_ | CISAMP | 6 imary ayers) increase NS use smaller Core)

L N/A Number of layers

moo | o | wn | e O e

10_Average 135.5 mA Average output current (Nominal input voltage)

ILRMS 172.69 mA Estimated RMS inductor current (at VMAX)

FEEDBACK COMPONENTS
Feedback Resistor. Use closest standard 1%
value. Use Goal seek to adjust (or manuall

RFB 1803 15.05 Ohms adadjust) value of RFB sucjh tha(lt IO_VACI\{OM
equals the specified value of |10

CFB 22 uF Feedback Capacitor

OUTPUT REGULATION

10_VACMIN 1355 mA Output Current at VACMIN

10_VACNOM 135.6 mA Output Current at VACNOM

10_VACMAX 135.0 mA Output Current at VACMAX

Page 15 of 40
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8 ds Hole

All measurements performed at room temperature (=25 °C) unless otherwise specified.

8.1 HAE [/O/E, 38V LED Fof

Input Measurement Load Measurement Calculation

Vin Iin PN Vout lout Pout | PcaL | Efficiency | Loss
Vaws) | A | W) | PP [PATHP ] vo) [ ma) | ow) [om | e | w)
90.03 83.58 6.279 ] 0.834 63.61 38.6900 | 136.910 | 5.356 | 5.30 85.30 0.92
100.00 79.13 6.286 | 0.794 72.99 38.7150 | 137.290 | 5.363 | 5.32 85.31 0.92
115.04 73.38 6.259 | 0.742 84.27 38.7350 | 136.910 | 5.338 | 5.30 85.28 0.92
120.03 72.09 6.249 | 0.722 88.02 38.7340 | 136.710 | 5.327 | 5.30 85.24 0.92
132.06 69.09 6.233 ] 0.683 96.1 38.7390 | 136.340 | 5.307 | 5.28 85.14 0.93

Table 1 — Test Data for 38 V LED Load.

Power Integrations, Inc.
Tel: +1 408 414 9200 Fax: +1 408 414 9201
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Figure 7 — Efficiency with Respect to AC Input Voltage. 90-132 VAC (60 Hz) Input.

Power Integrations
Tel: +1 408 414 9200 Fax: +1 408 414 9201
Page 17 of 40 www.powerint.com



DER-387 5.1 W Non-Isolated Buck Using LYT0006D 25-Sep-13

83 FF IF=0/4

160
=¢=-38 V CREE LED Load

150 =
<
E
— 140 =
[
o —— ————— —
S
O
gl 130 =
>
@)

120 o

110 | | | | | | |

80 90 0 130 140

100 110 12
Input Voltage (VAC)

Figure 8 — Line Regulation.
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9 ME ds

9.1 M#HE ELE

The LED Driver was placed inside a GU10 assembly provided by CREE and the thermal
test was conducted with the unit placed inside the chamber.

Figure 10 — Bottom Side Thermocouple Location.
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Figure 11 — Top Side Thermocouple Location.
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DER-387 5.1 W Non-Isolated Buck Using LYTO006D 25-Sep-13

Figure 12 — GU10 Bulb Placed Inside an Enclosed Box to Prevent Air Flow from the Fan of the Thermal
Chamber.
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Figure 13 — UUT Placed Inside an Enclosed Box as Shown.
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9.2 ME Z1

9.21 &/=:90VAC/60Hz
$ot: 38 V LED ot

Snin/div

g

13:38 13=42 1308 14:02 14:18

Figure 14 — Thermal Measurement at 90 VAC Input, ~50 °C External Ambient.
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14:22

Location &3 Tem p()oeg)ature
AMB External Ambient 49.8
Ul LYTO006D 117.8
L1 Differential Choke 106.5
L2 Power Inductor 106.7
C5 Output Capacitor 97.8

Table 2 — 90 VAC Input Critical Components Thermal Measurement.

Power Integrations, Inc.
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9.22 &=:120 VAC/ 60 Hz
$ot: 38 V LED Fat

Bnin/div
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Figure 15 — Thermal Measurement at 120 VAC Input, ~50 °C Ambient.

oy

Location &9 Tem p()otag;iture
AMB External Ambient 51.3
Ul LYTO006D 117
L1 Differential Choke 104.7
L2 Power Inductor 107.8
C5 Output Capacitor 98.7

Table 3 — 120 VAC Input Critical Components Thermal Measurement.

Power Integrations E
Tel: +1 408 414 9200 Fax: +1 408 414 9201
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9.23 &/=:132 VAC/60 Hz
$ot: 38 V LED ot

Bnin/div

III|R§III|III"I‘_;

'=PIII|Illl|glll|gll|glll|¢tl
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14:58 1526 12:15 1528 153 15045 15:56

Figure 16 — Thermal Measurement at 132 VAC Input, ~50 °C Ambient.

Location &9 Temperature
AMB External Ambient 49.9
Ul LYTO0006D 115.2
L1 Differential Choke 102.9
L2 Power Inductor 106.6
C5 Output Capacitor 97.5

Table 4 — 132 VAC Input Critical Components Thermal Measurement.

Power Integrations, Inc.
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value 133V
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Figure 17 — 90 VAC, 60Hz, Full Load.
Ch4: Vp.s, 50 V / div., 2 ms/ div.
Z4:Vp.s, 50 V, 20 ps / div.
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b ) PRCOHERy ¥ N oy e
‘lmﬂ 11 Tt Titkani | {
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<
Measure Plmanci) PLmMax(C2) Patrea(C2) P4 maxF ) PSMINGF2) PEMaXCZ)
value my
stalus v

4 Trailing numbe(s) in

Figure 18 — 115 VAC, Full Load.
Ch4: Vp.s, 50 V / div., 2 ms/ div.
Z4: Vp.s, 50V, 20 us / div.

truncated 1o allow

sis  Uilies Help

¢
Measure P1imax(C4) PZMaxC2) P3Meq(C2) PamaK(F2) PSMINF2) PEMax(C2)
value 178V
status v

LeCroy

Figure 19 — 120 VAC, 60Hz, Full Load.
Ch4: Vp.s, 50 V / div., 2 ms/ div.
Z4. VD-Sv 50 V, 20 H,S / d|V

942013 1:31:38 PM

U remm— e ——
(Wi 1 - Nihboon i W
{1} i h i i

= el o | L i

.

Measure P1max(C4) PZmax(C2) P3freq(C2y Pa:max(F2) PEmMIn(F2) PE:max(C2)

lue 199V

status 4

A, Trailing number(s) in the flename were fruncaled 10 allow aulo-numbering

Figure 20 — 132 VAC, Full Load.
Ch4: Vp.s, 50 V / div., 2 ms/ div.
Z4. VD-Sa 50 V, 20 H,S / d|V
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102 Y HE & oo/ 7

Missing pulses are normal and are used to regulate the output current. These missing
pulses are present every time the sense resistor (R2, R3) voltage-drop reaches 1.65 V.
The unit will enter into auto-restart if there is not at least one missing pulse within 50 ms.
For some designs wherein the power inductance is high and operating mostly in CCM, a
reverse current may be present. One way to avoid this is by increasing the device size or
increase input capacitance or adding a blocking diode in the drain. See AN-60 for more
details.

VEEETSIES

Measure Pi:manC4) P2max(C2) P3ireq(C2) Paman(F2) P&min(F2) PEmax(C2)
value 401 my

LeCroy 9442013 1:34:51 PM

Figure 21 — 90 VAC, 60 Hz, 38 V gp.
Ch2: Ip.s, 100 mA / div., 2 ms / div.
Z2: Ip.s, 100 mA, 20 pus / div.

ff;__."J/UL/'_J /J/UL__JU/U/L

¢
Measure P1max(C4) PZmMax(C2) P3frea(C2) P4max(F2) PSMInF2) PEMa(C2)
value 398 mv
status v

A\ Tralling number(s) in the flename were fruncated 1o allow auto-numbering

Figure 22 — 115 VAC, 60 Hz, 38 V gp.
Ch2: lp.s, 100 mA / div., 2 ms / div.
Z2: Ips, 100 mA, 20 ps / div.
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i e

¢
Measure P1maK(C4) PZmax(C2) P3meq(C2) Pama(F2) PEMINF2) PBMax(C2)
value
stafus v

A\, Trailing number(s) in the fllenarme were lruncated 10 allow auto-numbering

Figure 23 — 120 VAC, 60 Hz, 38 Vgp.
Ch2: Ip.s, 100 mA / div., 2 ms / div.
Z2: Ip.s, 100 mA, 20 pus / div.

e

¢
Measure P1max(C4) P2MaK(CZ) P3fren(C2) Paman(F2) PEMINEF2) PEmMaxCZ)
value

stalus v

A, Trailing number(s) in the flename were fruncaled 10 allow aulo-numbering

Figure 24 — 132 VAC, 60 Hz, 38 V gp.
Ch2: lp.s, 100 mA / div., 2 ms/ div.
Z2: Ip.s, 100 mA, 20 ps / div.
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10.3 £ &2 M4 S0 B Y IS
DeV|ce IS operatrng Wlthln the range and no |nductor saturatlon was observed

File Verical Timeba: Trigger Display Cursors Measure Analysis  Utilities  Help ertical Timeba Trigger Display Zoom | S
[ | || RIEREI l L] 1| |
L T i LERRR AT

LU LU L] L el LU L WL

= \ﬂ,_ 2 l/]r. L

: d

Measure P1:max(C4) P2max(C2) PIms(C3) P4:mean(CH PS:min{F2) PBmMax(C2) Measure P1:max(C4) P2max(C2) PIrms(C3) Pdmean(C3) P5min(F2) PBmax(C2)

walue 135V 536 mV 1784 mv wvalue 199V 568 mv 1791 mv

status e v Cd status v v b4

4\ Trailing number(s) in the flaname were truncated ta allow auto-numbering A Trailing number(s) in the fllename were truneated 1o allow auto-numbering

Figure 25 — 90VAC Input, Output Short. Figure 26 — 132VAC Input, Output Short.
Ch4: Vpg; 50 V / div., 2 ms / div Ch4: Vp.s; 50 V / div., 2 ms/ div.
Ch2: Ip.s; 100 mA / div., 2 ms /div Ch2: Ip.s; 100 mA / div., 2 ms /div.
Z2: Ip.s; 100 mA / div., 5 ps / div Z2: Ip.s; 100 mA / div., 5 us / div.

104 EGJo/ M L HF AEIEY T Z 1L
DeV|ce is operatrng W|th|n the range and no mductor saturatlon was observed

:T:’:“" P Mﬁgdj ‘ P2 mﬁ;ﬁﬁ; P2 mawsa(is PAmean(Cl) P5:min(F2) PE:max(C2) Measure Pr‘mamrcr) P2max(C2) Py rms(CJ) Pdmean(Cy) P&mIn(F2) PEmax(C2)
M Trailing number(s) in the “ual\nw 1 412013 319.04 PM
Figure 27 — 90 VAC / 60 Hz Start-up. Figure 28 — 132 VAC / 60 Hz Start-up.
Ch4: Vps; 50 V / div., 50 us / div. Ch4: Vps; 50 V / div., 50 us /div.
Ch2: Ip.s; 200 mA / div., 50 ps / div. Ch2: Ip.s; 200 mA / div., 50 pus /div.
Z2: Ip.s; 200 mA / div., 2 us / div. Z2: Ip.s; 200 mA / div., 2 us /div.
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105 =&

HEZ AEEY Y IS 42 TE0L

Output current/llght is present in just one AC cycle <20 mSs.

Na'e'e'd'a'e%
| /\/\/\F Y

PSmin(F2) PEMaxC?)

P max (ca; P2max©3) PIMS(CY P mean(c?)

196 m

8412013 4.00:14 FM

Figure 29 — 90 VAC, 60Hz, Full Load Start-up.
Ch3: loyr, 50 mA / div., 10 ms / div.
Ch4: V\y, 50 V / div., 10 ms /div.

Plmax(C3) PZmax(C2) PIms(C3) PAmean(C3)

197 m
v

4 Trailing number(s) in the filename were fruncated to allow auto-numbering.

Figure 31 — 90 VAC, 60Hz, Full Load, Power Down.

Ch3: loyt, 50 mA / div., 10 ms / div.
Ch4: Vi, 50 V / div., 10 ms/ div.

P& min(F2) PEmaxC2)

o
/ ]
/.\ \ /f\ /\ f/\
4 \ t ff \\
s \ i f i
\ \
\/ \/ \/ VoA
Measure Pimaxcy) P2maxca) PIrms(C3) Pd:mean(c) P&:min(F2) PE:makC
walu 176 mv
sta v

3 ve
SI4/2013 40145 FM

Figure 30 — 132 VAC, 60Hz, Full Load Start-up.

Ch3: lour, 50 mA / div., 10 ms / div.
Cha4: V,y, 50 V / div., 10 ms / div.

P1max(C3) PZmaxC2)
Wsmv

PIrms(C3 F4mean(C3) P& min(F2) PEmaxC2)

_nuev
Figure 32 — 132 VAC, 60Hz, Full Load, Power Down.
Ch3: loyt, 50 mA / div., 10 ms / div.
Ch4: V, 50 V / div., 10 ms/ div.
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10.6 &&¢-58 ZZ[12

There is no limitation to the amount of output capacitance that can be added. If the
application requires less output current ripple then increasing the output capacitance is
straight forward. Note that the output current waveform below will vary depending on LED
load impedance and will vary according to LED type.

i 0

P1max(c3) P2pkpK(C) PIMS(C? Pams(C3 P& mean(cy PEmaxcn  Measure P1man(C3) P2pkpk(C3) PAIMS(C PamMS(CY PSmean(cy PEMax(C2)
197 mié 136 mi 803 mi 1301 my 1381 my e 183 my 110 mv 708 mv 136.7 mv 1347 mv
v v v v v

412013 4:22:22 P

Emzm: 421:42FM

Figure 33 — 90 VAC, 60 Hz, Full Load. Figure 34 — 115 VAC, Full Load.
Ch3: lout, 50 MA [ div., 5 ms / div. Ch3: lout, 50 MA /[ div., 5 ms / div.
Ch2: Iy, 100 mA / div., 5 ms / div. Ch2: iy, 100 mA / div., 5 ms / div.
Ch4: Vi, 50 V / div., 5 ms / div. Ch4: V, 50 V / div., 5 ms / div.

i
Measure P1max(C3) P2 pkpkIC3) PIrmMs(CY P4mms(C3) P5mMean(Cy) PEMasC2) Measure P1:manCs) PZ:pkp(C3) et MME(Cy) Pams(C3) PSmMEan(Cy PEMaX(C2)
value 181 mv 108 my 69.2my 1364 mV 1347 mv value 178 mv 98 miv B6.9 MY 135.4mv 1341 mv

status v v v v

ge  Positiv
9442013 4:23:29 PM

A\, Traling number(s) in the filename were fruncated ta allow auto-numbering

Figure 35 - 120 VAC, 60 Hz, Full Load. Figure 36 — 132 VAC, Full Load.

Ch3: loyt, 50 mA / div., 5 ms / div. Ch3: loyt, 50 mA / div., 5 ms / div.
Ch2: Iy, 100 mA / div., 5 ms / div. Ch2: Iy, 100 mA / div., 5 ms / div.
Ch4: Vi, 50 V / div., 5 ms / div. Ch4: V, 50 V / div., 5 ms / div.
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10.7 E2/20f= E2t=220/
No failure of any component during brown-out test of 0.5 V / sec AC cut-in and cut-off.

wsors  Measure Math Analysis Ulilities  Help

y

Measure P1:max(C3) P2pkok(C3) PIms(c2) Pams(cd PSmean(Cy) PE:max(C2)
value 215mv 24 mv
L4 L

Figure 37 — Brown-out Test at 0.5 V /s. The Unit is
Able to Operate Normally Without Any
Failure and Without Flicker.
Ch4: Vi, 50 V / div.
Ch3: loyt, 50 mA / div.
Time Scale: 50 s / div.
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11 ctQl A X

Differential input line 500 V surge testing was completed on a single test unit to
IEC61000-4-5. Input voltage was set at 120 VAC / 60 Hz.

Surge Vlc?lli):te Injection Injection | Test Result
Level (V) (VAC?) Location | Phase (°) | (Pass/Fail)
+500 120 LtoN 90 Pass
-500 120 LtoN 90 Pass
+500 120 LtoN 0 Pass
-500 120 LtoN 0 Pass

Unit passed under all test conditions.

Differential ring input line surge testing was completed on a single test unit to IEC61000-
4-5. Input voltage was set at 120 VAC / 60 Hz. Output was loaded at full load and
operation was verified following each surge event.

Surge Vlcg]IFt)ellge Injecti_on Injection | Test ReSl_JIt
Level (V) (VAC) Location | Phase (°) | (Pass/Fail)
+2500 120 LtoN 90 Pass
-2500 120 LtoN 90 Pass
+2500 120 LtoN 0 Pass
-2500 120 LtoN 0 Pass

Unit passed under all test conditions.
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2013/09/06 15:24:31 NORM:200MS /s ms Adiv 2013/09/06 15:37:03 HORM:200MS /s 1ms/div
Stopped. g (1ms /div) Stopped ] (1ms/div]
: : CHz=200v S:Mélh

CHz=zo0v

DC 1001 DC 100:1 1-?

Tracel:: Max 240.0v

Tracel:: Max 360.0V : i H
Trace2?:’ Max 320.0v : i : : : Trace?: Max 208.0v
Trace3: Max T1.76Div : T : : : Trace3: Max  1.20Div @
CHz
CH_Pusition To I P‘:z'lt'(_’"
Tidw | +adw | e d

odiv__ |

Figure 38 — Differential Line Surge at 500 V / 90°.
Peak Drain Voltage Recorded is 360 V.
Chil: Vpran, 200V / div. Chil: Vpran, 200 V [ div.
Ch2: Vsource, 200V / div. Ch2: Vsource, 200 V [ div.
Ch3: Vp.s, 200 V / div.

Ch3: Vp.s, 200 V / div.
Time Scale: 1 ms/ div. Time Scale: 1 ms/ div.

\
[ -8div_ | -1div

Figure 39 — Differential Ring Surge at 2500 V / 90°.
Peak Drain Voltage Recorded is 240 V.
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12 8&4 EMI

121 HIAE &F

The LED driver was placed inside a GU10 assembly with 38 V LED load and then
mounted inside a metallic cone as shown in Figure 40.

Figure 40 — Conducted EMI Test Set-up. UUT mounted inside the metallic cone.
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12.2 HAE Z1

Power Integrations 9 kHz

04.Sep 13 20:45 500 ms

Att 10 dB AUTO

dBuv 120 100 kHz 1 MHz 10 MHz

knss50156 UIMIT CHE plass

110

100
|

| o0

!

2 av || N~
CLRWR [-60

|70

| ~

| 60

|| ENSS{Q 15 A

.50 \ﬂ

W ALK
\i . “ i
[P= 0 X U ‘W V‘
S Y LD
e
-

30 MHz

SGL

TDF

6DB

Figure 41 — Conducted EMI, Maximum Steady State Load, 115 VAC, 60 Hz, and EN55015 B Limits.
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ILIST {(Final T

Tracel: ENS55015Q
Tracez: ENS50152
Trace3: -
TRACE FEESUENCY LEVEL dBpwvW DELTZ LIMIT dB

2  Averade 9.74571 ! 23.12 N gnd

2  Averade 123.243440661 kH=Z 28.25 N gnd

2  Averadge 126.977840157 kH=z 37.689 .1 gnd

2  Averade 143.081808561 kH=z 28.08 .1 gnd

2 veradge 154.54515 kH= 36.76 L1l gnd —18.92
1 guasi Feak 157.651507515 kH=z 51.02 L1 gnd —-14.56
2  Average 150.46015728 kH=z 37.01 L1 gnd —-16.39
1 ¢Quasi Peak 310.135545783 kH=z 45.43 L1 gnd —-14.52
2  Average 316.369270253 kH= 34.57 L1 gnd —-15.23
1 gQuasi Peak 370.56785020% kH= 45.66 L1 gnd —-12.81
1 gQuasi Peak 505.008700673 kH= 40.00 L1 gnd —-15.5%
1 Quasi Peak 557.843784283% kH=z 41.32 L1 gnd —-14.&7
1 ©Quasi Peak 34 .878262431 kH=z 40.64 L1 gnd —-15.35
1 guasi Peak 759.4080305975 kH= 39.95 11 gnd —-1g.04
1 guasi Peak g8l.64514842 kH=z 41.%5 T1 gnd —-14.04
2  Average g8l.64514842 kH=z 33.28 11 gnd -12.71
2 Average 2.09534285698 MH=z Z2e.6l L1 gnd -15.38
2  Averadge 8.1289599279463 DIMH= 24 .27 N gnd —25.7Z2

Table 5 — Conducted EMI Final Measurements, Maximum Steady State Load, 115 VAC, 60 Hz, and
EN55015 B Limits.
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13 HE LS
= = Xt P s Description & changes Reviewed
25-Sep-13 | CA 1.0 Initial Release Apps & Mktg
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