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Figure 2 — Populated Circuit Board Photograph, Bottom.

Power Integrations
Hi% © +1408 414 9200 {5 : +1 408 414 9201

W
%Sﬁ (;H\:4Oﬁ ) www.powerint.com



RDR-355: i HHLYT0006P ¥t 16 WAEKS &5 % & XALED IR 5)) %% 18-Jun-13
2 HFEHE
A we |s/ME|RBE RXE| B &ix
A
HINHE Vin 90 265 | VAC £k - TP.E.
TAESSEARZ R SR
PE fLne 47 | 50/60 Hz R H400 Hz2k i FE A, MIi%
AR e L
it
i HLUE Vour 52 54 56 \Y;
S 100 VAC - 240 VAC
i tH LU lout 110 mA BT 4%
U SRl ey P Pout 6 6.5 W
BxE
120 VAC; 54 V LED n 91 % TEPour 25 "CE 1 Fill#
240 VAC; 54 V LED n 90 %
hEAH
120 VAC; 54 V LED PF 0.75 #EPour 25 “CH 1 F il
240 VAC; 54 V LED PF 0.5
s
& SEMI i FLCISPR22B / EN55015B %3k
AN VBT 1.2/50 ps?Pd%, IEC 1000-4-5,
%”)%%ﬁ Lo 05 o 4 L
w(L1-L2) i 20
= LAY 500 A% %
(100 k) N
A(L1-L2) L 20
- . ESRXH, P
IR Tams -10 25 C UUT il g8
A 7E—40 °CF 3 3

Power Integrations, Inc.
HLIE © +1408 414 9200 fE35 @ +1 408 414 9201
www.powerint.com



18-Jun-13

RDR-355: f# HLYT0006P ¥ it 116 WAHEKR &5 [% & XALEDZK 5 %%

3 HREFREHE

R1 s St
22 uF
el 2 100nF TV
re| |Bp Tzsv - 4 110
s ROt 3
L1 b S T1 +
4.7 mH LYTSwitch-0 EE10
LYTO006P < Re
31870
¥ 1%
c1 C2 c5 Lk vR1
90 - 265 RV1* = 47 nF ==330nF 4TpF =R 7\ 1N4759A ;
VAC 275 VAC 630V 450 v 63V : 62V i
1 Non- |
D1 1 |Recovering}
N ° MURS160T3G . OovP
o o
*Optional Component PI-6998-060713 RTN

Figure 3 — Schematic. T1 can be replaced by a drum core inductor if final casing/housing has sufficient
room to avoid shorting the magnetic flux. Zener diode VR1 is an option and provides one-time no-load
protection.
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Figure 5 — Printed Circuit Layout. Bottom View.
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6 ¥kEFE®(BOM)
Item | Qty | Ref Des | Description Manufacturer P/N Manufacturer
1 1 BR1 600 V, 0.5 A, Bridge Rectifier, SMD, MBS-1, 4-SOIC MB6S-TP Micro Commercial
2 1 C1 47 nF, 630 V, Film ECQ-E6473KF Panasonic
3 1 C2 330 nF, 450 V, METALPOLYPRO ECW-F2W334JAQ Panasonic
4 1 C3 100 nF, 25V, Ceramic, X7R, 0603 VJ0603Y104KNXAO Vishay
5 1 C4 22 uF, 16 V, Ceramic, X5R, 1206 EMK316BJ226ML-T Taiyo Yuden
6 1 C5 47 uF, 63V, Electrolytic, Gen. Purpose, (6.3 x 13) 63YXJ47M6.3X11 Rubycon
7 1 D1 600 V, 1 A, Ultrafast Recovery, 35 ns, SMB Case MURS160T3G On Semi
8 1 L1 4.7 mH, 0.150 A, 20% RL-5480-3-4700 Renco
9 1 R1 4.7k Q, 5%, 1/8 W, Thick Film, 0805 ERJ-6GEYJ472V Panasonic
10 1 R2 18.7 Q, 1%, 1/4 W, Thick Film, 1206 ERJ-8ENF18R7V Panasonic
11 1 RF1 4.7 Q, 5%, 2 W, Metal Film Fusible FW20A4R70JA Bourns
12 1 RV1 275V, 23 J, 7 mm, RADIAL V275LA4P Littlefuse
13 1 T EE10, Bobbin Custom Kunshan angshunhe
Inductor SNX-R1699 Santronics USA
14 1 U1 LinkSwitch-0, DIP-8B LYTOO06P Power Integrations
15 1 VR1 62V, 5%, 1 W, DO-41 1N4759A Vishay
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Figure 6 — Inductor Electrical Diagram.
7.2 BH%

Primary Inductance | Pins 4-5, all other windings open, measured at 100 kHz, 0.4 Vgys. | 1.4 mH 7%

7.3 H#

Item Description
[1] Core: EE10; TDK-PC40EE10/11-Z; or equivalent.
[2] Bobbin: EE10; 8 pins (4/4), Horizontal, PI#: 25-00956-00.
[3] Magnet Wire: #31 AWG, double coated.
[4] Tape: Polyester film, 3M 1350-1, 6.5mm wide.
[5] Varnish.
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Figure 7 — Inductor Build Diagram.

7.5 ZEZEFE

Winding Place bobbin item [2] on the mandrel with pin side 1-4 on the right side.
Preparation Winding direction is clockwise direction.
Winding Start pin 4, wind 150 turns of wire item [3] from right to left then left to right in ~6

layers and finish at pin 5.

Tape Secure winding with tape item [4].

Gap cores to get the 1.35 mH inductance. Apply tape to secure both cores.

Final Assembly Remove pins: 2 and 3.

Figure 8 — Transformer Assembly Sample.
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ACDC_LYTSwitchZero_052813; LYTSwitchZero_Rev_0-8.xls:
Rev.0.8; Copyright Power INPUT INFO OUTPUT UNIT | LYTSwitchZero Design
Integrations 2013 Spreadsheet
INPUT VARIABLES
VACMIN 90 90 Volts Minimum AC Input Voltage
VACNOM 120 120
VACMAX 265 265 Volts Maximum AC Input Voltage
FL 60 60 Hertz | Line Frequency
VO 54 54 Volts | Output Voltage
10 110 110 mA Output Current
Pout 5.94 w
Overall Efficiency Estimate (Adjust to
EFFICIENCY 0.9 0.9 match Calculated, or enter Measured
Efficiency)
CIN 0.38 0.38 uF Input Filter Capacitor
Input Stage Resistance 4.7 4.7 ohms ::r!put.Stage Resistance, Fuse &
iltering
Switching Topology Buck Type of Switching topology
DC INPUT VARIABLES
VMIN 54.00068302 Volts Minimum DC Bus Voltage
VMAX 374.766594 Volts
LYTSwitchZero
LYTSwitchZero LYTO006 LYTO0006
ILIMIT 0.375 Amps | Typical Current Limit
ILIMIT_MIN 0.33275 Amps | Minimum Current Limit
ILIMIT_MAX 0.401 Amps | Maximum Current Limit
FSMIN 62000 Hertz | Minimum Switching Frequency
VDS 4.8375 Volts \I\;I;gggrgrc())pn-State Drain To Source
DIODE
VD 0.7 Volts Er:)iwheeling Diode Forward Voltage
I e
IF 1 Amps Recommended Diode Continuous

Current Rating
Diode Recommendation BYV26C Suggested Freewheeling Diode
OUTPUT INDUCTOR

Select core type between Ferrite and

Core type Ferrite Ferrite Off-the-Shelf

Core size EE10 EE10 Select core size

Custom Core Egézr) custom core description (if

AE 121 mm?2 | Core Effective Cross Sectional Area
LE 26.1 mm Core Effective Path Length

AL 850 nH/TA2 | Ungapped Core Effective Inductance
BW 6.6 mm Bobbin Physical Winding Width

NL 149.6667555 Number of turns on inductor

BP 3100 Gauss | Peak flux density

LG 2.253983597 mm Gap length

Maximum Primary Wire Diameter

oD 0.132293908 . L )
including insulation

INS 0.031219467 E_stlrr:a.ted Tptal Insulation Thickness
(= 2 * film thickness)

DIA 0.101074441 Bare conductor diameter
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Primary Wire Gauge (Rounded to
AWG 39 next srzaller stand%rd( AWG value)
cM 12.69920842 gﬁéﬁlgsm;ctor effective area in
I INCREASE CMA > 200 (increase
CMA 0.112907248 L(primary layers),decrease NS, use
larger Core)
L 3
LP 1400 1400 uH | Quiput Induictor, Recommended
LR 2 2 Ohms | DC Resistance of Inductor
10_Average 112.474696 Average output current
ILRMS 112.474696 mA \Eliﬂtg‘n)?)ted RMS inductor current (at
FEEDBACK COMPONENTS
RFB 18.7 18.7 Ohms | Feedback Hesistor. Use closest
CFB 22 uF Feedback Capacitor
OUTPUT REGULATION
10_VACMIN 109.393596 mA Output Current at VACMIN
10_VACNOM 112.474696 mA Output Current at VACNOM
10_VACMAX 114.3382366 mA Output Current at VACMAX

E Power Integrations, Inc.
HLIE © +1408 414 9200 fE35 @ +1 408 414 9201 ope
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9 ERERIE
All measurements performed at room temperature (=25 °C) otherwise specified.
Input Input Measurement LED Load Measurement . . .
Efficiency | Regulation
VAC | Freq| Vi Iin Pin PE Vour lout Pour (%) (%)
(Vrms) | (Hz) | (Vews) | (MAgwms) | (W) (Voc) | (mAoc) | (W)
90 60 90.07 82.57 |6.480] 0.871 ] 54.0400 ] 108.050 | 5.918 91.33 -1.77
100 60 | 100.11 78.53 | 6.584 ] 0.838 | 54.1400 ] 110.150 | 6.024 91.49 0.14
115 60 | 110.12| 73.24 |6.555] 0.813 | 54.1400 | 110.080 ] 6.006 91.62 0.07
120 60 ] 120.12] 69.70 | 6.566 | 0.784 | 54.1600 | 110.500 | 6.021 91.70 0.45
132 60 | 135.16 | 67.07 | 6.564 | 0.724 | 54.1600 | 110.590 | 6.015 91.64 0.54
190 50 ]190.30 ] 57.15 |]6.386] 0.587 | 54.0200 | 107.810 | 5.836 91.39 -1.99
200 50 | 200.41 56.02 | 6.359 ] 0.566 | 53.9900 ] 107.310 | 5.805 91.29 -2.45
220 50 | 220.35| 54.16 | 6.308 ] 0.529 | 53.9400 | 106.430 | 5.749 91.14 -3.25
230 50 | 230.37 | 53.68 | 6.286] 0.508 | 53.9200 | 106.010 ] 5.723 91.04 -3.63
240 50 | 264.15| 55.86 | 6.726 ]| 0.456 | 54.2500 | 112.380 | 6.098 90.66 2.16
265 50 | 90.07 | 82.57 | 6.480] 0.871 | 54.0400 | 108.050 | 5.918 91.33 -1.77
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Figure 9 - Efficiency with Respect to AC Input Voltage. 90-132 VAC (50 Hz) and 190-265 VAC (60 Hz)
Input.
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Figure 10 — Load Regulation, Room Temperature.
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10 #HiEHE

10.1 FTARE
Chamber: Tenney Environmental Chamber Wattmeter: Yokogawa Power Meter
Model No: TJR-17 942 Model No: WT2000
AC Source: Chroma Programmable AC Source  Data Logger: Yokogawa
Model No: 6415 Model: 2008-3-4-2-2-1D

SN: 851409310

Figure 11 — Thermal Chamber Set-up Showing Box Used to Prevent Airflow Over UUT.

Figure 12 — Thermal Unit Thermocouple Measurement Set-up.
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11 HER

Input: 90 VAC / 60 Hz
Load: 54 V/ 110 m A LED load.

Location Temperature UGIaE] Ulermel
Shutdown | Recovery
Ambient | 23.3 | 38.7 | 479 | 58.4 | 70.0 | 80.0 | 90.0 | 100.0 107.9 40.5
Bridge | 37.8 | 524 | 60.8 | 70.9 | 80.7 | 89.6 | 99.0 | 108.5 115.1 64.4
L1 3721527 ]|609]|71.2]81.9]90.6 | 100.4 | 109.9 117.8 60.2
L2 394|546 |63.7]739]84.7]934]103.2]|112.7 120.6 63.0
IC 4091569 |66.1]769]|876]|97.5]|107.5]|117.8 125.0 61.7
Diode 38.0]| 535|628 73.5]839]93.3]103.1]113.0 120.1 59.4

Table 1 — Thermal Measurement.

Note: Unit will start reliably at -40 °C. Tests were performed but are not shown here.
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w H (@] (o] ~ (0] (o)
o o o o o o o

N
o

=ie|C
==Bridge
| 2
=ii=|_1

O/P Diode

10

20

30 40 50 60 70 80 90 100 110 120
Ambient (°C)

Figure 13 — Thermal Performance Curve.

%2100 (F£4050)

Power Integrations
HLUE ¢ +1408 414 9200 fEH @ +1 408 414 9201
www.powerint.com



RDR-355: i HHLYT0006P ¥t 16 WAEKS &5 % & XALED IR 5)) %% 18-Jun-13

11.1 234

Open-frame thermal measurement at 25°C ambient. UUT was soaked for 1 hour to
achieve steady-state before the measurement.

Sp3 41.8

- ! Sp2 38.7
]

Sp3 37.6

Sp4 35.1

Figure 14 — Temperature (°C) at Top Side of PCB. Figure 15 — Temperature (°C) at Bottom Side of PCB.

SP1 - U1, LYTO0O06P. SP1 - BR1, Bridge Rectifier.
SP2 — L2, Power Inductor. SP2 — PCB, Trace Temperature.
SP3 - L1, EMI Choke. SP3 - D1, Freewheeling Diode.

SP4 — FR1, Fusible Resistor.

E Power Integrations, Inc.
HLIE © +1408 414 9200 fE35 @ +1 408 414 9201
%2270 (34070
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12 JH
12.1 [EE TIERTRI iR E

LeCroy LeCroy
Vels
Vs
Vbuk
0
Vbuk
& Iy
Measure P1:max(C1) P2max(C2) P3max(F1) P4 PG--- 2asure P1:max(C1) P2Max(C2) P3max(F1) Pd--- P5--- P - -
value 140V 140V 147V lue 395V 382V 403V
v v v

status v v

v
C1 el F1 (€1-c2) (Timebase 0.00mg (Triger  GOED)
100 Vidiv Uumsldw Stop 112V
-300.0 Vofst 2.00 msidiv 1.00 M8 S0MSis|Edge  Positivel

F (¢1-C2) ligger  ENED)
200 Vid| 200Yrdiv 200msfdivlStop 394V
-600.0'V ofst 2.00mssdiv 100MS 50 MSisjEdge  Positive]

Figure 16 — 90 VAC, 60Hz, Full Load gure 17 — 265 VAC, Full Load
F1 (Orange): VDRAIN-SOURCE, 100 V / div. F1 (Orange): VDRA|N-SOURCE! 200 V / div.
Ch1 (YeIIow): VDRAIN-GNDy 100 V / div. Ch1 (Yellow): VDRAIN-GND1 200 V / div.
Ch2(Red) VSOURCE-GND, 100 V, 2 ms/ div. Ch2(Red) VSOURCE-GND! 200 V, 2 ms/div.
LeCroy LeCroy

‘ Vhbuk
Vhulk i
i i
Vs
Vds

IREEERENE UUL LWMUMMMLMLMLMW

Measure P1imax(C1) PZmax(C2) Pamax(F1) PE--- casure P1imax(C1) P2max(C2) Pamax(F1)
Cl  cume . ©1-c)[@ (Triguer  GOED) 'r1 (C1-C2) [T 1) ([imebase 0003 (Tigger _EHED
ol A D SR e
Figure 18 — 90 VAC, 60Hz, Full Load Figure 19 — 265 VAC, Full Load
F1 (Orange): VDRAIN-SOURCE, 50 V / div. F1 (Orange): VDRA|N-SOURCE! 200 V / div.
Ch1 (YeIIow): VDRAIN-GNDy 50 V / div. Ch1 (Yellow): VDRAIN-GND1 200 V / div.
Ch2(Red) VSOURCE-GND, 50 V, 2 ms/ div. Ch2(Red) VSOURCE-GND, 200V, 2 ms /
Z1 (YeIIow): VDRAIN-GND, 50 V / div. div. Z1 (YeIIow): VDRAIN-GND, 200V / div.
ZZ(Red) VSOURCE-GND1 50 V, 20 us / div. ZZ(Red) VSOURCE-GND! 200 V, 20 us / div.

Power Integrations E
Hi% © +1408 414 9200 {5 : +1 408 414 9201
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12.2 [EE TIERTHI IR E it

Missing pulses are normal and are used to regulate the output current. These missing
pulses are present every time the sense resistor (R2) 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.

I LeCroy|

el
00 ge
KI= 569.27 us 1iAW= 207.9 kHz

Figure 21 — 115 VAC, 60 Hz, 54 Vo

Ch2(Red) VBULK: 50V / div. Ch2(Red) VBULKy 50 V / div.
Ch4(Green): Iprain, 200 mA / div., 1 ms / div. Ch4(Green): Iprain, 200 mA / div., 1 ms / div.
Z2(Green): Iprain, 100 mA / div., 20 us / div. Z2(Green): Iprain, 100 mA / div., 20 us / div.
E Power Integrations, Inc.
HLTE © +1408 414 9200 14 H : +1408 414 9201 e
www.powerint.com %24ﬁ (;j\:40ﬁ )
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| LeCroy e LeCroy«
T e I’ : R e TN
R B B R M e i D o et Sttt it et NG T
| | N
u-/.' IIJ' ,
| Il : Il
" o
] i ] ] i r i ]
| | / / / ! 1 ' ]
%‘ i ) | | IV |

X2= -41.1508 UL 461 kHZ

Figure 22 —

VAC, 60 Hz, 54 V gp

Ch2(Red): Vguwk, 50 V / div.

Ch4(Green): lprain, 200 mA / div., 1 ms/ div.
Z2(Green): Iprain, 100 mA / div., 20 us / div.

M= 40365 G%= 2013
X2= -3B35us M= 498 kHE

Figure 23 —

5 VAC, 60 HZ, 54 VLED

Ch2(Red): Vguwk, 50 V / div.

Ch4(Green): Iprain, 200 mA / div., 1 ms/ div.
Z2(Green): Iprain, 100 mA / div., 20 us / div.

%2500 (F£4000)
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12.3 i i A EE 109 FoHR BB & FI B 7

,,,,, _ _LeCroy

,,,,,,,,,,,,,,, , /1‘
Figure 24 — LYT0006P Output Short. Figure 25 — LYTO006P Output Short.

Ch4: IDRAIN; 0.2 A/ div. Ch4: IDRAIN; 0.2 A/ div.

Time Scale: 20 ms / div. Time Scale: 20 ms / div.

Z4: Vps; 0.2 A/ div. Z4: \Vps; 0.2 A/ div.

Zoom Time Scale: 5 us / div. Zoom Time Scale: 2 us / div.

12.4 JHRE EF1E IS S0 AE

P2--- P3:-- Pe--- [ PE---

<l f cast PiaealF2)
n ] value 2189676 1
tatt v

F1 (zoom

oYV, 500
500ns

- 803

F1 @oomiCa)-

Figure 26 — 265 VAC / 50 Hz Start-up. Figure 27 — 265 VAC / 50 Hz Start-up.
Ch1, Z1: SOURCE Pin to Ground; 100 V / div. Ch1: SOURCE Pin to Ground; 100 V / div.
Ch2, Z2: Bulk Input; 100 V / div. Ch2: Bulk Input; 100 V / div.
Ch4, Z4: IDRAIN; 0.2 A/ div. Ch4: IDRAIN; 0.2 A/ div.
Time Scale: 100 us / div. Time Scale: 500 ns / div.
F1: Vps; 100 V / div. F1: Vps; 100 V / div.
Zoom Time Scale: 500 ns / div. F2: Switching Power; 500 W / div.

Zoom Time Scale: 500 ns / div.

E Power Integrations, Inc.
HLIE © +1408 414 9200 fE35 @ +1 408 414 9201
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12.5 3 H BB

Output current/light is present in just one AC cycle. <20 ms
| : I [

LeCroy T
I
&L
i

P

367
200 Vidiv} 20.0 Vidiv| 100 mA/div| 20.0msidiv| Stop 10,0V
400.0V ofst -80.00V ofst -400.0 mA| 1.00MS  5.0MS/is]Edge  Positive]
176.0v| L 51.84V| L 34.6mA X1= 14.4912ms &%= -18.1038ms
45V 140 my 1 7.6mA 2= -36126ms 18%= -55.2370 Hz

Figure 29 — 265 VAC, Full Load

lo 1
200 Vidiv| 100 mA/div| 0
400.0V ofst -400.0 mA S 0 MS¢
L 448 mA| 1= 12421ms &= -14.481ms
3. 4.2 mA| X2= -2080ms 1/&X= -69.056 Hz

"60Hz, Full Load

Ch1(Yellow): Vin, 200 V / div. Ch1(Yellow): Viy, 200 V / div.
Ch2(Red): Vour, 20 V, Ch2(Red): Vour, 20 V,
Ch3(Blue): Iy, 0.5 A/ div. Ch3(Blue): Iy, 0.5 A/ div.
Ch4(Green): loyt, 100 mA / div., 20 ms / div. Ch4(Green): lout, 100 mA / div., 20 ms / div.
Power Integrations E
. HLIE © +1408 414 9200 f£# : +1 408 414 9201
5@27ﬁ (:/H\:4Oﬁ ) www.powerint.com
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12.6 HA-%0 L 1FIE
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.

LeCroy

LeCroy

NN NN N

) Load
Ch1(Yellow): Vi, 200 V / div. Ch1(Yellow): Viy, 200 V / div.
Ch2(Red): Vour, 20 V. Ch2(Red): Vour, 20 V.
Ch3(Blue): Iy, 0.5 A/ div. Ch3(Blue): Iy, 0.5 A/ div.
Ch4(Green): loyt, 100 mA / div, 10 ms / div. Ch4(Green): loyt, 100 mA / div, 10 ms / div.
E Power Integrations, Inc.
HLTE © +1408 414 9200 14 H : +1408 414 9201 ne
www.powerint.com %Zsﬁ (;j\:40ﬁ )
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12.7 BEREFRE

The inherent advantage of the buck converter implemented with LYTSwitch-0 is the
imperceptible start-up delay, the driver will turn-on within 20 ms as shown in the figures
below. No failure of any component occurred during line fluctuation tests.

URGR R RO IR RS R
vidy div
o et 1 i

Figure 32 — Line sag testat 230 - 0 V at 1 Sec Figure 33 — Line Surge Test at 230 - 265 V at 1
Interval. Sec Interval.
Ch1: V\; 100 V / div. Ch1:V\y; 100 V / div.
Ch2: lout; 50 mA / div. Ch2: lout; 50 mA / div.
Time Scale: 5 s/ div. Time Scale: 5 s/ div.

Figure 34 — Line Surge Test at 230 - 265 V at 1 Sec  Figure 35 — Line Sag Test at 230 - 265 V at 1 Sec
Interval. Interval.
Ch1:Viy; 100 V / div. Ch1: V)y; 100 V / div.
Ch2: lout; 50 mA / div. Ch2: lout; 50 mA / div.
Time Scale: 5 s/ div. Time Scale: 5 s / div.

Power Integrations E
Hi% © +1408 414 9200 {5 : +1 408 414 9201
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12.8 B EZEIEH

No failure of any component during brownout test of 0.5 V / sec AC cut-in and cut-off.

: LeCroy

Figure 36 — Brown-out Test at 0.5 V / s. The Unit is
Able to Operate Normally Without Any
Failure and Without Flicker.
Ch1: Viy; 100 V / div.
Ch2: loyt; 50 mA / div.
Time Scale: 100 s / div.

E Power Integrations, Inc.
HLIE © +1408 414 9200 fE35 @ +1 408 414 9201
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13 BAIRIE

Differential input line 1.2 kV / 50 us surge testing was completed on a single test unit to
IEC61000-4-5. Input voltage was set at 230 VAC / 60 Hz. Output was loaded at full load
and operation was verified following each surge event.

Surge Vlonll;.:;e Injection | Injection | Test Result

Level (V) (VAC) Location | Phase (°) | (Pass/Fail)
+500 230 LtoN 90 Pass
-500 230 LtoN 90 Pass
+500 230 L to N 270 Pass
-500 230 LtoN 270 Pass
+500 230 LtoN 0 Pass
-500 230 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 230 VAC / 60 Hz. Output was loaded at full load and
operation was verified following each surge event.

Surge Vlonlfaugte Injection | Injection | Test Result
Level (V) (VAC) Location | Phase (°) | (Pass/Fail)
+2500 230 LtoN 90 Pass
-2500 230 LtoN 90 Pass
+2500 230 LtoN 270 Pass
-2500 230 LtoN 270 Pass
+2500 230 LtoN 0 Pass
-2500 230 LtoN 0 Pass

Unit passed under all test conditions.

3100 (F£4050)
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LeCroy!|

Figure 38 — Differential Ring Surge at 2500 V / 90°.

Figure 37 — Differential Line Surge at 500 V / 90°.
Peak Drain Voltage Recorded is 468 V.

Peak Drain Voltage Recorded is 678 V.

Ch1: Viy; 200 V / div. Ch1: Viy; 200 V / div.

Ch2: VDRAIN; 200 V / div. Ch2: VDRAIN; 200 V / div.

Ch3: Vguik; 200 V / div. Ch3: Vgyik; 200 V / div.
Time Scale:1 ms / div.

Time Scale: 1 ms/ div.

E Power Integrations, Inc.
HLIE © +1408 414 9200 fE35 @ +1 408 414 9201
%327 (3L4070)
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14 {EZ2EMI

Att 10 dB AUTO
dBuv

EN55015Q LIMIT CHECK BASS

SGL

TDF

6DB

9 kHz 30 MHz

Figure 26 — Conducted EMI, Maximum Steady State Load, 120 VAC, 60 Hz, and EN55015 B Limits.

EDIT PEAK LIST (Final Measurement Results)

Tracel: EN55015Q

Trace2: EN55015A

Trace3: ---

TRACE FREQUENCY LEVEL dBuVv DELTA LIMIT dB

2 Average 22.25 N gnd
2 Average 67.8393045788 kHz 23.52 N gnd
2 Average 134.789536006 kHz 38.77 N gnd
1 Quasi Peak 165.693318812 kHz 47 .45 L1 gnd -17.72
2 Average 167.350252 kHz 33.66 N gnd -21.42
2 Average 200.175581485 kHz 38.55 N gnd -15.05
1 Quasi Peak 204.199110673 kHz 45.87 N gnd -17.56
2 Average 267.135089486 kH:z 34.58 N gnd -16.62
1 Quasi Peak 272.504504785 KkHz 44 .83 N gnd -16.20
2 Average 397.727746704 kH:z 31.37 N gnd -16.53
1 Quasi Peak 401.705024172 kHz 41.34 N gnd -16.47
1 Quasi Peak 475.741040231 kHz 40.79 N gnd -15.62
1 Quasi Peak 536.076911993 KkH:z 39.85 N gnd -16.14
1 Quasi Peak 610.105531335 kHz 41.66 N gnd -14.33
1 Quasi Peak 806.126927408 KkHz 43.14 N gnd -12.85
2 Average 806.126927408 KkHz 33.29 N gnd -12.70
1 Quasi Peak 1.00339897152 MHz 39.33 N gnd -16.66
2 Average 2.03372014292 MHz 26.57 N gnd -19.42
1 Quasi Peak 29.2697736439 MHz 43.21 L1 gnd -16.78
2 Average 29.5624713804 MHz 34.37 L1 gnd -15.62

Table 2 — Conducted EMI, Maximum Steady State Load, 120 VAC, 60 Hz, and EN55015 B Limits.

Power Integrations
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17.0ct 12 21:24

dBuv
EN550150Q

9 kHz

Att 10 dB AUTO

RBW
MT

LIMIT CHECK

9 kHz
500 ms

BASS

SGL

TDF

6DB

30 MHz

Figure 27 — Conducted EMI, Maximum Steady State Load, 230 VAC, 60 Hz, and EN55015 B Limits.

Tracel:
Trace2:

Trace3:

TRACE

Quasi

Quasi

Quasi

Quasi

Quasi
Quasi
Quasi

Quasi

Quasi

N HF N R FFEFHEFNEPRENDENDEDNDDNDNDNDDNDN

Average
Average
Average
Average

Average

Peak

Average

Peak

Average

Peak
Peak

Average

Peak
Peak
Peak
Peak

Average

Peak

Average

EN55015Q
EN55015A

FREQUENCY

134.789536006 kH

200.175581485
267.135089486
332.507282579
475.741040231

kHz
kHz
kHz
kHz

592.16241791 kHz
592.16241791 kHz

667.263434405
667.263434405
744 .444692652
872.919948931
872.919948931
954.699692378
1.02356729084
1.55458365781
2.50634031306
2.93888112801
29.2697736439
29.2697736439

kHz
kHz
kHz
kHz
kHz
kHz

LEVEL dBuVv

37.
41.
39.
35.
.70
45.
35.
48.
36.
48.
50.
38.
.91
47 .
.77
.47
31.
48.
40.

33

47

43
42

65
49
23
66

66
36
66
60
12
67
46

16

88

08
24

Ll

Z 2222222 22222223242

|
B

Ll

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

DELTA LIMIT dB

-12

-11.
.72
.71

-13
-12

-10.
-10.
-7.
-9.
-7.
-5.
-7.
-8.
-8.
.22
.53
.11

-12
-13
-14

-11.
-9.

.10

97

33
63
33
39
87
32
53
08
83

91
75

Table 3 — Conducted EMI, Maximum Steady State Load, 230 VAC, 60 Hz, and EN55015 B Limits.
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===
15 SHNLRFS
Input voltage were sweep from 90V to 265Vac at 60Hz line input.
+80 A
+70" P
+60 L
+501
+40
d =
B +30F
r . .
+20(' A i [ - ]
BARCE M’\\, A | A\ ' ’-‘
A ; il il L \ i .
+10 \ ‘ ¢ i R f
A u} b \{ | A \ VR i ¢l
W A 1 i / | /
+0w’ "l MQ\’%‘E | i & 4 ) ! A
- x £l THNETL
10
20F
o L PP P P PP ]
2k 4k 6k 8k 10k 12k 14k 16k 18k 20k 22k
Hz
Color  Line Style Thick Data Axis
Cyan Solid 1 Fft.Ch.1 Ampl Left
Green Solid 1 Fft.Ch.1 Ampl Left
Yellow Solid 1 Fft.Ch.1 Ampl Left

Pl Standard Audio Noise (do not edit).at2

Figure 39 — Noise from the UUT at 1 cm from the Center of the Board to Microphone Receiver Position.
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16 B

Types of overvoltage protection for a buck converter:

o |
: 100nF 96V
FB] _|BP T 25V — 54V, 110 mA
D S

L1 .T1 +
4.7 mH LYTSwitch-0 EE10
LYT(L)J(;OGP < R
31870
5 1%
ci c2 cs5 VR1
90 - 265 RV1* = 47 nF == 330 nF 47 F 2R N IN4TS0A |
VAC 275 VAC 630V 450V 63V : 62V i
i Non- |
D1 1 |Recovering;
2 . MURS160T3G : OvP
. o
*Optional Component PI-6998a-060713 RTN

Figure 40 — Simple and cheapest approach is to add a Zener diode across the output terminals. In case of
no load, the Zener diode will short in order and protect the output capacitor. IC U1 will be limited by the
primary current limit. Note that the Zener diode will need to be replaced after this event.

o
p=|

E Power Integrations, Inc.
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R1 J_ c3 c4
22 uF
Sk 100nF G6'v
r8| |ep Tzsv - .
1 5 4 o
i
4.7 mH LYTSwitch-0 EE10
LYT0006P < R
<$187Q
5 1%
C1 C2 C5
90 - 265 RV1* = 47 nF == 330 nF Z= 47 uF
VAC 275 VAC 630V 450 V 63V
N D1
[e; * MURS160T3G
o o
*Optional Component N I 3 RTN
re D2 ! PI-6998b-060713
' DL4005-13-F VR '
. S R6 1N4750A N |
1 100Q 62V i
: 5 :
Y X0202NN5BA4 1 kQ ;
1 5 AAA 1
[ vy 1
' C8 :
' R4 < '
! 1kQ :: 182 {}F OVP Protection |
! Auto-Recovery |
' After AC Recycle !

Figure 41 — Auto-recovery OVP latch protection. Once AC input is recycled for 2s, the unit will function
normally once load is connected. Advantage is lowest no-load consumption and non-damaging failure.
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AAA o

yvy
VR1 R5
1N4759A 1 kQ
62V D2
cs DL4005-13-F
100 nF
c3 C4 100V
22 uF _13-
100 nF 161{/ DL4005-13-F
re| P Tzsv 84 ¥ iGmA
D s .T1 +
LYTSwitch-0 EE10
U1 R2
LYT0006P ;E 1870
< 1%
C2 c5 o R6
= 330 nF 47 0F 2R <€ 20 kQ
450V 63V g 12w
D1
MURS160T3G
o o
*Optional Component PI-6998¢-060713 RTN

Figure 42 — Constant voltage (CV) mode protection. Load can be connected anytime without AC recycle.
Disadvantage is it will require some pre-load in order to regulate, which decreases efficiency. Pre-load can
be replaced by a appropriately rated Zener in series with a resistor if efficiency is a concern.

OVP Protection Pros Cons
Zener 1. Cheapest and simple. 1. Non-auto recovery. Replace
2. Vout = 0V at no-load; safe. Zener once fault is removed.
1. Auto-recovery. 1. Cost.
SCR Latch 2. Lowest no-load consumption. | 2. Requires AC recycle for
3. Vour = 0V at no-load; safe. recovery.
1. Consumes extra power.
Constant 1. Hot-plug, load can be 2. Residual voltage Fe)n no-load.
Voltage Mode connected anytime. 3 Cost

Table 4 — Overvoltage Protection Comparison.

o
=t

E Power Integrations, Inc.
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17 lRAEFH R
Date Author Revision | Description & changes Reviewed
18-Jun-13 | JDC 1.0 Initial Release Apps & Mktg
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EXRHrELER, Eifim: www.powerint.com

Power Integrations reserves the right to make changes to its products at any time to improve reliability or manufacturability.
Power Integrations does not assume any liability arising from the use of any device or circuit described herein. POWER
INTEGRATIONS MAKES NO WARRANTY HEREIN AND SPECIFICALLY DISCLAIMS ALL WARRANTIES INCLUDING,
WITHOUT LIMITATION, THE IMPLIED WARRANTIES OF MERCHANTABILITY, FITNESS FOR A PARTICULAR
PURPOSE, AND NON-INFRINGEMENT OF THIRD PARTY RIGHTS.

PATENT INFORMATION

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

The PI Logo, TOPSwitch, TinySwitch, LinkSwitch, DPA-Switch, PeakSwitch, CAPZero, SENZero, LinkZero, HiperPFS, HiperTFS,
HiperLCS, Qspeed, EcoSmart, Clampless, E-Shield, Filterfuse, StackFET, Pl Expert and Pl FACTS are trademarks of Power
Integrations, Inc. Other trademarks are property of their respective companies. ©Copyright 2012 Power Integrations, Inc.
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