JIE POWER’

INTEGRATIONS

RITTE Bl E

EH_YTSwitch™-4 LYT4322E & 18912 W E L)

Rl FRH. FHE. BEE-HEL. oTiZeEts
LED 485055

it 20V oomam

S F A19 LEDERZ)) 2

e& N TR

MHERS DER-412

HEA 201446 H9H

1EIThRA 1.0
H

FLIR DY RO IE (PFC) S kS I AL (CC i AR S &

o HIEEEEDE

o TFEZF300 WZ1200 W45 Fi il 45 HE 1 ' 4%
o PRIEEZNITA](<200 ms) — Jo AT WAER
o REUIIRI KT FENERE
o IHERRORYT, T E IR ThRE
o il ORIRTH A S IR T
o {EACHJERVE I A L2 iE AT T 1A
e {E230VACF, PF>0.9
o THAIRICE. ZERAAIRIHAENSS0151% FEMIZIR

BRI B

BEAR AR AR CRLAE ™ b Z AR R S A M AT L ) T e A 35 — Tk 22 Tk [ J (R A0, BRIEAE HH i Y
FEEE LR, A XPower Integrationst #1528 51|5%, 1S Iwww.powerint.com. Power |ntegrationsfZ & 7E
<http://www.powerint.com/ip.htm>r BT RILAE, 170 % 1 15 745 5 L FIABURI R VAT o

Power Integrations
5245 Hellyer Avenue, San Jose, CA 95138 USA.
Hi%: +1408414 9200 fLE: +1408 414 9201
Www.powerint.com




DER-412: {#iHLYT4322E#)12 W LEDIKZ)j#5 9-Jun-14

B®
T 11 SRR 4
2 I ettt ettt ens 7
R = 8 2 SRS 8
R B TSSOSO 9
A BEINEMIBEVZ oottt ettt ettt ettt ettt ettt ettt ettt 9
N v B OSSR 9
B3 T R oottt ettt 9
4.4 T AT a2 oottt ettt 10
It = b A T USROS PRURTPRPRRPRN 10
N RIS 11
LR =103 = % ) = SO R U PR RURPRRUPTSRN 12
B BRI EL(BOM) ...ttt ettt ettt et 14
8.1 A B IEBTHLERIIBOM ..ot e e e 14
6.2 BOM WithTUMN=OFF CIrCUIt.. ... eeeeeeeeeee ettt e e 15
T B R T R oottt ettt ettt ettt 17
SR =5 SO R U RURRRSRPTSURN 20
T = ) RS 20
ST = R SRR URPRURTPRPRPPRN 20
ST 5 SRR PR PRURTPRURRPRN 20
8.4 HEIBEEHIEL oottt ettt ettt ettt 21
SRR . SRR 21
O R BEBII oottt ettt ettt ettt et enans 22
T TR <SSR PSS RRR RSSO 22
T R SRS 23
TR S ¥ <4 S~ S 24
0.4 B oottt ettt 25
10 R B oottt ettt ettt enas 26
10.1 PG ZR <ottt ettt ettt ettt ettt ettt ettt 26
10,2 R ettt 27
10.3 AT KB R TIEE oottt ettt ettt ettt 28
(O I - L ey | SRR SPSR S 29
T < 30
111 230VAC, S0HZ: I T TS oottt ettt ettt 30
11.2 230VAC, 50Hz: B EE, Q0 T oo 31
12 AETE CR I TITEIE ) T oottt ettt ettt 32
12.1 BTN RN FL T T ettt 32
(2 B s B X N O R e I ks ) O 33
(R R R 2 RSP SRS 34
124 IEH TAER IR L LI oottt ettt ettt 35

g Power Integrations, Inc.
Hiifi: +1408 414 9200 fL¥: +1408 414 9201 o
www.powerint.com 201 (H49750)



9-Jun-14 DER-412: {fiFLYT4322E[112 W LEDIKZ)#%

125 JE BN IR F I LT oo, 36
12.6 G BRI IR L R LR oottt 37
(A O = = U 38
12.8 B B VB T T b ettt 38
18 T T oottt 39
13.1 BN LR SN LTI = BT TG R% oo 39
13.2 T T — BT T T oo, 40
13.3  HIANHE N BIRIETE — GRS e 41
13.4 B T — T T oo, 42
13.5 TR B T T T — BT R TR <ot 43
14 FEEEEMI oottt ettt ettt ettt ettt ettt ettt ettt ettt 44
14.1 D T oottt ettt ettt ettt ettt ettt 44
14,2 R T oo, 45
1D T A R oo et — 47
(LT N PRI 48

EERA: BARAKRBRBITHE L Z e ER, HTRRER M ARSI NE. Bk, 2 IR &
A A% ) JR RUARER BEACHT N, LT PIT A it

Power Integrations g
HLTE: +1408 414 9200 f5E: +1408 414 9201
W
5§3ﬁ <;j\:49ﬁ ) www.powerint.com




DER-412: {#iHLYT4322E#)12 W LEDIKZ)j#5 9-Jun-14

1 &

ARG B R — KRR B . SR EE(PF). Al RERDEILEDIRS 2, &R LAZE190 VAC
%265 VAC (HL7UE NB50HZ) (1% N i Y [l P A LEDAT £ it e H £ 120V, e H
100 mARIIKE) . ZLEDIRZ) 24K 7 LYTSwitch-4 2 %1 ICH LY T4322E 2444,

PR MR IR B2, ARRRES . PR -TH IS sahIhaity, i R A BETH A e D 2R D 2
ERTTNTG R ZS I by

AR S LEDIR SN #5 HUkE . FESJRELE. PCBUTHANTT MRNE . 78 38 FUAE S F0
SRR RERFAL o

p=i
b
=

g Power Integrations, Inc.
Hiifi: +1408 414 9200 fL¥: +1408 414 9201
www.powerint.com 4 ( 49 )

H



9-Jun-14 DER-412: {fiFLYT4322E[112 W LEDIKZ)#%

°c lascc 105/
25 B1225 8925:

ot ..

oco1aT10d 7Y

Figure 1 — Populated Circuit Board, Top View.
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Figure 2 — Populated Circuit Board, Bottom View.
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Figure 3 — Schematic.
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Figure 4 — Turn-off Circuit.
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6 WFEFE[BOM)
6.1 PEFKMIEELHBOM
Iltem Qty g:; 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 10 nF, 630 V, Film ECQ-E6103KF Panasonic

3 1 C3 220 nF, 450 V, Film MEXXF32204JJ Duratech

4 1 C4 2.2 uF, 400 V, Electrolytic, (6.3 x 11) TAB2GM2R2E110 Ltec

5 1 C5 56 uF, 160 V, Electrolytic, Gen. Purpose, (10 x 20) UCY2C560MPD1TD Nichicon

6 1 C6 4.7 uF, 50 V, Electrolytic, Gen. Purpose, (5 x 11) EKMGS500ELL4R7ME11D | Nippon Chemi-Con

7 1 Cc7 4.7 uF, 10 V, Ceramic, X7R, 0805 CL21A475KBQNNNE Samsung

8 1 C8 680 pF 100 V, Ceramic, NPO, 0603 CGA3E2C0G2A681J TDK

9 1 C9 100 pF 50 V, Ceramic, NPO, 0603 CC0603JRNPO9BN101 Yageo

10 1 D2 600 V, 1 A, Rectifier, Glass Passivated, POWERDI123 DFLR1600-7 Diodes, Inc.
11 1 D3 600 V, 1 A, Ultrafast Recovery, DO-41 STTH1RO6RL ST Micro
12 1 D4 250 V, 0.2 A, Fast Switching, 50 ns, SOD-323 BAV21WS-7-F Diodes, Inc.
13 1 D5 DIODE, UFAST, 200V, 1A, POWERDI123 DFLU1200-7 Diodes, Inc.
14 1 D6 75V, 0.15 A, Switching,SOD-323 BAV16WS-7-F Diodes, Inc.
15 1 D7 75V, 0.15 A, Switching,SOD-323 BAV16WS-7-F Diodes, Inc.
16 1 D8 75V, 0.15 A, Switching,SOD-323 BAV16WS-7-F Diodes, Inc.
17 1 D9 75V, 0.15 A, Switching,SOD-323 BAV16WS-7-F Diodes, Inc.
18 1 FR1 47 Q, 5%, 2 W, Wirewound, Fusible FW20A47R0JA Bourns

19 1 R38 0 Q, 5%, 1/4 W, Thick Film, 1206 ERJ-8GEYOR0O0V Panasonic
20 1 L1 4.7 mH, 90 mA, 20 Ohm, RF Inductor B82144A2475J Epcos

21 1 Q1 NPN, Small Signal BJT, 40V, 0.2 A, SOT-23 MMBT3904LT1G On Semi
22 1 R1 10 kQ, 5%, 1/8 W, Thick Film, 0805 ERJ-6GEYJ103V Panasonic
23 1 R6 27 Q, 5%, 1 W, Metal Oxide RSF100JB-27R Yageo

24 1 R8 510 kQ, 5%, 1/4 W, Thick Film, 1206 ERJ-8GEYJ514V Panasonic
25 1 R9 1.50 MQ, 1%, 1/4 W, Thick Film, 1206 ERJ-8ENF 1504V Panasonic
26 1 R10 1.50 MQ, 1%, 1/4 W, Thick Film, 1206 ERJ-8ENF 1504V Panasonic
27 1 R13 82 kQ, 5%, 1/10 W, Thick Film, 0603 ERJ-3GEYJ823V Panasonic
28 1 R14 137 kQ, 1%, 1/8 W, Thick Film, 0805 ERJ-6ENF1373V Panasonic
29 1 R15 24.9 kQ, 1%, 1/8 W, Thick Film, 0805 ERJ-6ENF2492V Panasonic
30 1 R16 6.2 kQ, 5%, 1/8 W, Thick Film, 0805 ERJ-6GEYJ622V Panasonic
31 1 R17 20 R, 5%, 1/4 W, Thick Film, 1206 ERJ-8GEYJ200V Panasonic
32 1 R18 62 kQ, 5%, 1/8 W, Thick Film, 0805 ERJ-6GEYJ623V Panasonic
33 1 R20 100 kQ, 5%, 1/10 W, Thick Film, 0603 ERJ-3GEYJ104V Panasonic
34 1 R21 10 kQ, 5%, 1/10 W, Thick Film, 0603 ERJ-3GEYJ103V Panasonic
35 1 R22 191 kQ, 1%, 1/16 W, Thick Film, 0603 ERJ-3EKF1913V Panasonic
36 1 R24 200 Q, 5%, 3 W, Metal Oxide ERG-3SJ201 Panasonic
37 1 R25 5.1k, 5%, 1/8 W, Thick Film, 0805 ERJ-6GEYJ512V Panasonic
38 1 R33 10 Q, 5%, 1/8 W, Thick Film, 0805 ERJ-6GEYJ100V Panasonic
39 1 R40 200 Q, 5%, 3 W, Metal Oxide ERG-3SJ201 Panasonic

Bobbin, EE13, Vertical, 10 pins P-1302-2 Pin Shine
40 1 T Transformer SNX-R1731 Santronics
Transformer POL-LYT030 Premier Magnetics

41 1 U1 LYTSwitch-4, eSIP-7C LYT4322E Power Integrations
42 1 u2 IC, REG ZENER SHUNT ADJ SOT-23 LM431AIM3/NOPB National Semi
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43 | 1 | WIRE 1 \ire, UL1007, #24AWG, Red, PVC, 3 in 1007-24/7-2 Anixter
24AWG | e ' ee T °
WIRE . . .
44 1 24AWG Wire, UL1007, 24AWG, Blk, PVC, 3 in 1007-24/7-0 Anixter
WIRE . . .
45 1 24AWG Wire, UL1007, #24AWG, Blu, PVC, 3 in 1007-24/7-6 Anixter
WIRE ’ . .
46 1 2UAWG Wire, UL1007, #24AWG, Wht, PVC, 3in 1007-24/7-9 Anixter
6.2 BOM WithTurn-off Circuit
Item | Qty g:; Description Mfg Part Number Mfg
1 1 BR1 1000V, 0.8 A, Bridge Rectifier, SMD, MBS-1, 4-SOIC B10S-G Comchip
2 1 C1 10 nF, 630 V, Film ECQ-E6103KF Panasonic
3 1 C3 220 nF, 450 V, Film MEXXF32204JJ Duratech
4 1 C4 2.2 uF, 400 V, Electrolytic, (6.3 x 11) TAB2GM2R2E110 Ltec
5 1 C5 56 uF, 160 V, Electrolytic, Gen. Purpose, (10 x 20) UCY2C560MPD1TD Nichicon
6 1 C6 4.7 uF, 50 V, Electrolytic, Gen. Purpose, (5 x 11) EKMG500ELL4R7ME11D Nippon Chemi-Con
7 1 c7 4.7 uF, 10 V, Ceramic, X7R, 0805 CL21A475KBQNNNE Samsung
8 1 C8 680 pF 100 V, Ceramic, NPO, 0603 CGA3E2C0G2A681J TDK
9 1 C9 100 pF 50 V, Ceramic, NPO, 0603 CC0603JRNPO9BN101 Yageo
10 1 D2 600 V, 1 A, Rectifier, Glass Passivated, POWERDI123 DFLR1600-7 Diodes, Inc.
11 1 D3 600 V, 1 A, Ultrafast Recovery, DO-41 STTH1RO6RL ST Micro
12 1 D4 250V, 0.2 A, Fast Switching, 50 ns, SOD-323 BAV21WS-7-F Diodes, Inc.
13 1 D5 DIODE, UFAST, 200V, 1A, POWERDI123 DFLU1200-7 Diodes, Inc.
14 | 4 | Bopa | 75V.0.15 A switching,s0D-323 BAV16WS-7-F Diodes, Inc.
D10 200 V, 1 A, Rectifier, Glass Passivated, DO-213AA .
15 2 D11 (MELF) DL4003-13-F Diodes, Inc.
16 1 FR1 47 R, 5%, 2 W, Wirewound, Fusible FW20A47R0JA Bourns
17 1 L1 4.7 mH, 90 mA, 20 Q, RF Inductor B82144A2475J Epcos
18 2 Q1 Q5 NPN, Small Signal BJT, 40 V, 0.2 A, SOT-23 MMBT3904LT1G On Semi
19 1 Q4 100V, 0.2 A, 10 Q, N-Channel, TO-92 ZVN3310A Diodes, Inc.
20 2 R1 R39 | 10 kQ, 5%, 1/8 W, Thick Film, 0805 ERJ-6GEYJ103V Panasonic
21 1 R6 27 Q, 5%, 1 W, Metal Oxide RSF100JB-27R Yageo
22 1 R8 510 kQ, 5%, 1/4 W, Thick Film, 1206 ERJ-8GEYJ514V Panasonic
23 2 R9 R10 | 1.50 MQ, 1%, 1/4 W, Thick Film, 1206 ERJ-8ENF1504V Panasonic
24 1 R13 82 kQ, 5%, 1/10 W, Thick Film, 0603 ERJ-3GEYJ823V Panasonic
25 1 R14 137 kQ, 1%, 1/8 W, Thick Film, 0805 ERJ-6ENF1373V Panasonic
26 1 R15 24.9 kQ, 1%, 1/8 W, Thick Film, 0805 ERJ-6ENF2492V Panasonic
27 1 R16 6.2 kQ, 5%, 1/8 W, Thick Film, 0805 ERJ-6GEYJ622V Panasonic
28 1 R17 20 Q, 5%, 1/4 W, Thick Film, 1206 ERJ-8GEYJ200V Panasonic
29 1 R18 62 kQ, 5%, 1/8 W, Thick Film, 0805 ERJ-6GEYJ623V Panasonic
30 1 R20 100 kQ, 5%, 1/10 W, Thick Film, 0603 ERJ-3GEYJ104V Panasonic
31 1 R21 10 kQ, 5%, 1/10 W, Thick Film, 0603 ERJ-3GEYJ103V Panasonic
32 1 R22 191 kQ, 1%, 1/16 W, Thick Film, 0603 ERJ-3EKF1913V Panasonic
33 | 2 R2% | 200 2, 5%, 3 W, Metal Oxide ERG-35J201 Panasonic
34 1 R25 5.1 kQ, 5%, 1/8 W, Thick Film, 0805 ERJ-6GEYJ512V Panasonic
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35 1 R33 10 Q, 5%, 1/8 W, Thick Film, 0805 ERJ-6GEYJ100V Panasonic

36 1 R35 680 Q, 5%, 1/10 W, Thick Film, 0603 ERJ-3GEYJ681V Panasonic

37 1 R36 1 MQ, 5%, 1/4 W, Carbon Film CFR-25JB-1M0 Yageo

38 1 R37 1kQ, 5%, 1/8 W, Thick Film, 0805 ERJ-6GEYJ102V Panasonic

39 1 R38 130 Q, 1%, 1/4 W, Thick Film, 1206 ERJ-8ENF1300V Panasonic

Bobbin, EE13, Vertical, 10 pins P-1302-2 Pin Shine
40 1 T Transformer SNX-R1731 Santronics
Transformer POL-LYTO030 Premier Magnetics

41 1 U1 LYTSwitch-4, eSIP-7C LYT4322E Power Integrations

42 1 u2 IC, REG ZENER SHUNT ADJ SOT-23 LM431AIM3/NOPB National Semi

43 1 VR1 6.2V, 5%, 150 mW, SSMINI-2 DZ2S062MO0L Panasonic

44 1 VR2 75V, 5%, 1 W, DO-41 1N4761A-TR Vishay

45 1 VR3 56V, 2%, 300 mW, SOD323 BZX384-B56,115 NXP Semi
WIRE ) . .

46 1 24AWG Wire, UL1007, #24AWG, Red, PVC, 3 in 1007-24/7-2 Anixter
WIRE ) . .

47 1 24AWG Wire, UL1007, #24AWG, BIk, PVC, 3 in 1007-24/7-0 Anixter
WIRE ) . .

48 1 24AWG Wire, UL1007, #24AWG, Blu, PVC, 3 in 1007-24/7-6 Anixter
WIRE ) . .

49 1 24AWG Wire, UL1007, #24AWG, Wht, PVC, 3 in 1007-24/7-9 Anixter

E

Power Integrations, Inc.
Fifi: +1408 414 9200 f4H.: +1408 414 9201
www.powerint.com
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ACDC_LYTSwitch-
4 HL_012114; Rev.1.2;

LYTSwitch-4_HL_012114: Flyback

Copyright Power IR N~ el Sl Transformer Design Spreadsheet
Integrations 2014
ENTER APPLICATION VARIABLES
e S s
VACMIN 190 190 V Minimum AC Input Voltage
VACMAX 265 \% Maximum AC input voltage
fL 50 Hz AC Mains Frequency
VO 120 120 v ;I:Jylllplig::joutput voltage of LED string at
VO_MAX 132.00 v \I\;I;i(;rg:.m expected LED string
VO_MIN 108.00 vV \l\//lc|)r|1t|;r;uem expected LED string
V_OVP 142.37 \% Over-voltage protection setpoint
10 0.1 0.10 A Typical full load LED current
PO 12.0 w Output Power
n 0.85 0.85 Estimated efficiency of operation
VB 25 \ Bias Voltage
ENTER LYTSwitch VARIABLES
LYTSwitch LYT4322 LYT4322 Selected LYTSwitch
Select "RED" for reduced Current
Current Limit Mode FULL FULL Limit mode or "FULL" for Full current
limit mode
ILIMITMIN 0.79 A Minimum current limit
ILIMITMAX 0.92 A Maximum current limit
fS 132000 Hz Switching Frequency
fSmin 124000 Hz Minimum Switching Frequency
fSmax 140000 Hz Maximum Switching Frequency
I\ 100.7 uA V pin current
RV 3.2 3.2 M-ohms Upper V pin resistor
RV2 1000000000000 M-ohms Lower V pin resistor
IFB 177 177.0 uA FB pin current (85 uA< IFB < 210 uA)
RFB1 124.3 k-ohms FB pin resistor
VDS 10 vV I\_/\gl'[ggveitch on-state Drain to Source
Output Winding Diode Forward
VD 0.50 \Y Voltage Drop (0.5 V for Schottky and
0.8 V for PN diode)
VDB 0.70 vV gzs‘)W|nd|ng Diode Forward Voltage
Key Design Parameters
Ripple to Peak Current Ratio (For PF
KP 1.18 1.18 >8% 0.4 <KP< 0.9 (
LP 960 uH Primary Inductance
VOR 120.5 120.5 \% Reflected Output Voltage.
Expected IO (average) 0.10 A Expected Average Output Current
m igh li
TON_MIN 1.84 us m;)ndrﬁorﬂa%rétlme at maximum AC
PCLAMP 0.09 W Estimated dissipation in primary

clamp

AT (L4950

Power Integrations
HLTE: +1408 414 9200 f5E: +1408 414 9201
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ENTER TRANSFORMER CORE/CONSTRUCTION VARIABLES

Core Type EE13 EE13 Select Core Size
Custom Core Ente_r Custom core part number (if
applicable)
AE 0.171 cm”2 Core Effective Cross Sectional Area
LE 3.02 cm Core Effective Path Length
AL 1130 nH/TA2 Ungapped Core Effective Inductance
BW 7.4 mm Bobbin Physical Winding Width
M 0 mm Safety Margin Width (Half the Primary
to Secondary Creepage Distance)
L 4 4 Number of Primary Layers
NS 150 150 Number of Secondary Turns
DC INPUT VOLTAGE PARAMETERS
VMIN 269 \% Peak input voltage at VACMIN
VMAX 375 V Peak input voltage at VACMAX
CURRENT WAVEFORM SHAPE PARAMETERS
Minimum duty cycle at peak of
DMAX 0.28 VACMIN
IAVG 0.07 A Average Primary Current
Peak Primary Current (calculated at
P 0.60 A minimum input voltage VACMIN)
Primary RMS Current (calculated at
IRMS 0.15 A minimum input voltage VACMIN)
TRANSFORMER PRIMARY DESIGN PARAMETERS
LP 960 uH Primary Inductance
LP_TOL 10 Tolerance of primary inductance
NP 150 Primary Winding Number of Turns
NB 32 Bias Winding Number of Turns
ALG 43 nH/TA2 Gapped Core Effective Inductance
Maximum Flux Density at PO, VMIN
BM 2256 Gauss (BM<3100)
BP 3444 Gauss Peak Flux Density (BP<3700)
AC Flux Density for Core Loss Curves
BAC 1128 Gauss | g 5 X Peak to Peak)
ur 1588 Relative Permeability of Ungapped
Core
LG 0.48 mm Gap Length (Lg> 0.1 mm)
BWE 29.6 mm Effective Bobbin Width
oD 0.20 mm !\/Iaxm.wm. Prlma.ry Wire Diameter
including insulation
Estimated Total Insulation Thickness
INS 0.04 MM | (= 2*film thickness)
DIA 0.16 mm Bare conductor diameter
Primary Wire Gauge (Rounded to
AWG 35 AWG next smaller standard AWG value)
cM 32 Cmils B_are cond_uctor effective area in
circular mils
CMA 210 Cmils/Amp Primary Winding Current Capacity

(200 < CMA < 600)

TRANSFORMER SECONDARY DESIGN PARAMETERS (SINGLE OUTPUT

EQUIVALENT)

Lumped parameters

ISP 0.60 A Peak Secondary Current
ISRMS 0.22 A Secondary RMS Current
Output Capacitor RMS Ripple Current
IRIPPLE 020 A (based on Expected 10)
cMS 44 Crils S_econdary Bare Conductor minimum
circular mils
Secondary Wire Gauge (Rounded up
AWGS 33 AWG to next larger standard AWG value)
DIAS 0.18 mm Secondary Minimum Bare Conductor

Power Integrations, Inc.
Fifi: +1408 414 9200 f4H.: +1408 414 9201
www.powerint.com
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Diameter
Secondary Maximum Outside
ODS 0.05 mm Diameter for Triple Insulated Wire
VOLTAGE STRESS PARAMETERS
Estimated Maximum Drain Voltage
assuming maximum LED string
VDRAIN 620 v voltage (Includes Effect of Leakage
Inductance)
Output Rectifier Maximum Peak
PIVS 517 \% Inverse Voltage (calculated at VOVP,
excludes leakage inductance spike)
Bias Rectifier Maximum Peak Inverse
PIVB 110 \% Voltage (calculated at VOVP,
excludes leakage inductance spike)
FINE TUNING (Enter measured values from prototype)
V pin Resistor Fine Tuning
RV1 3.20 M-ohms Upper V Pin Resistor Value
RV2 1000000000000 M-ohms Lower V Pin Resistor Value
VACA1 115.0 \Y Test Input Voltage Condition1
VAC2 230.0 \ Test Input Voltage Condition2
10_VACH1 0.10 A Measured Output Current at VAC1
I0_VAC2 0.10 A Measured Output Current at VAC2
RV1 (new) 3.20 M-ohms New RV1
RV2 (new) 16729.30 M-ohms New RV2
V oV 256.2 vV Typical AC mput vgltage at which OV
— shutdown will be triggered
vV UV 53.6 vV Typlcal AC input voltage beyond
— which power supply can startup
FB pin resistor Fine Tuning
RFB1 124 k-ohms Upper FB Pin Resistor Value
RFB2 1000000000000 k-ohms Lower FB Pin Resistor Value
VB1 22.4 \% Test Bias Voltage Condition1
VB2 27.6 \% Test Bias Voltage Condition2
101 0.10 A Measured Output Current at Vb1
102 0.10 A Measured Output Current at Vb2
RFB1 (new) 124.3 k-ohms New RFB1
RFB2(new) 1000000000000 k-ohms New RFB2
Input Current Harmonic Analysis
Harmonic Max Current (mA) Limit (mA)
1st Harmonic 62.70 N/A Fundamental (mA)
3rd Harmonic 16.03 48.00 EASS. 3rd Harmqnlg current content
is lower than the limit
5th Harmonic 8.1 26.82 PASS. 5th Harmo‘mc‘; current content
is lower than the limit
7th Harmonic 5.0 14.12 F’ASS. 7th Harmo.m(.: current content
is lower than the limit
oth Harmonic 3.44 7.06 EASS. 9th Harmo_nl(_: current content
is lower than the limit
11th Harmonic 253 4.94 PASS. 11th Harm_on_lc current content
is lower than the limit
13th Harmonic 1.03 4.18 F’ASS. 13th Harmpmc current content
is lower than the limit
15th Harmonic 153 3.62 PASS. 15th Harm.onllc current content
is lower than the limit
THD 29.6 % Estimated total Harmonic Distortion

(THD)

F19TT (L4970

Power Integrations
HLTE: +1408 414 9200 f5E: +1408 414 9201
www.powerint.com



DER-412: {#iHLYT4322E#)12 W LEDIKZ)j#5 9-Jun-14

8 HEEME
8.1 HBESRZEH

1

150T
#31 AWG

4
10

32T
#32 AWG

9

Figure 7 — Inductor Electrical Diagram.

8.2 HSHE

Primary Inductance

Pins 1-4, all other windings open, measured at 100kHz, 0.4
VrmsAL = 42.667 nH/n’

960uH 5%

8.3 ##

Iltem Description
[1] Core: EE13 NC2H or equivalent.
[2] Bobbin:EE13;5/5 pinvertical.PI PN: 25-01023-00
[3] Magnet Wire: #31 AWG.
[4] Magnet Wire: #32 AWG.
[5] Tape, Polyester film, 3M 1350F-1 or equivalent, 7.4 mm wide.
[6] Dolph BC-359 or equivalent.

g Power Integrations, Inc.
Fifi: +1408 414 9200 f4H.: +1408 414 9201
www.powerint.com %20@? (;j\:49—ﬂi )
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8.4 EBELEHE

Finish (P9)

32T

Start (P10)
Finish (P1)

.QQQQQQQ@Q@Q@Q@> 1XAWGH32

9000000000000 00) J50T

5000000000000 0PN
900000000000000

Start (P4)

8.5 HEMIE

0000000000000,

Figure 8 — Inductor Build Diagram.

Bobbin Preparation

Place the bobbin item [2] on the mandrel with pin side on the left and winding
direction is clockwise direction.

Use wire item [3], start at pin 4 wind 150 turns in ~4 layers and at the last turn

Winding1 terminate the wire at pin 1. Apply 1 layer of tape item [5] between layers
Winding?2 Use .wire item [4], start at pin 10 wind 32 turnsl in ~1 layer, and at the last turn
terminate the wire at pin 9. Apply 1 layer of tape item [5] between layers
Finish Gr_ind core_to get 960uH inductance, secure the core with tape. Dip impregnate
using varnish item[6]
Pins Cutpins 2, 3,5, 6,7, 8.

2100 (F£4970)

Power Integrations
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9 THHERIE
All measurements performed at room temperature using an LED load.The following

data were measured using customerLED load of ~120V output voltage. Refer to the table
on Section 9.4 for the complete set of test data values.

9.1 HE
87.0

86.5 =

86.0 =

(0] (o] o o
e A
o ()] o ()]
2 2 2 2

Efficiency (%)

83.5 =

83.0 =

82.5 =

82.0

180 190 200 210 220 230 240 250 260 270 280
Input Voltage (VAC)

Figure 9 — Efficiency vs. Line.

g Power Integrations, Inc.
Fifi: +1408 414 9200 f4H.: +1408 414 9201
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9.2 HHEFE
110

=¢=Qutput Current

108 =

N RN RN N
o o o o
o N ES (o))
2 » » »

©
oo
2

Output Current (mA)

(o)
(o))
»

92 =

90

180 190 200 210 220 230 240 250 260 270 280
Input Voltage (VAC)

Figure 10 — Regulation vs. Line.

Power Integrations E
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9.3 JEAH
0.98

=p=Power Factor

0.97 =

Power Factor

0.91 =

0-90 L L | | | | | | | | " L L
180 190 200 210 220 230 240 250 260 270 280

Input Voltage (VAC)

Figure 11 — Power Factor vs. Line.

g Power Integrations, Inc.
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9.4 JWiA¥E
All measurements were taken with the board at open frame, 25 °C ambient, 50Hz line
frequency, and customer supplied LED load

Input Measurement Load Measurement Calculation

V|N |IN P|N VOUT IOUT POUT PCAL EffiCiency Loss
PF | %ATHD
(Vews) | (MArws) [ (W) ’ (Voo) | (MAsd) | W) [ W) O )

19011 | 76.22 | 13.983 | 0.965| 22.45 | 116.7400 | 99.100 | 11.589 | 11.57 82.88 2.39

200.08 | 7216 | 13.849]0.959| 23.58 | 116.3900 | 99.240 | 11.571 | 11.55 83.55 2.28

22011 ] 65.86 | 13.760 | 0.949| 24.43 | 116.2500 | 100.000 | 11.646 | 11.63 84.64 2.1

230.16 | 63.10 | 13.715]0.944 | 24.31 116.1300 | 100.290 | 11.667 | 11.65 85.07 2.05

240.13 | 60.65 | 13.675]0.939| 24.05 | 116.0400 | 100.480 | 11.681 | 11.66 85.42 1.99

265.15] 5544 |13.512]0.919]| 24.63 | 115.9000 | 99.920 | 11.600 | 11.58 85.85 1.91

Power Integrations E
HLTE: +1408 414 9200 f5E: +1408 414 9201
o
5@25@? (;j\:49ﬁ ) www.powerint.com
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10 iE R
TRIAC dimming results were taken with input voltage of 230VAC, 60Hz line frequency,
room temperature, and nominal ~120V LED load.

10.1 A%

Taken using a programmable AC source providing the leading edge chopped AC input.
110

=0 - 180
100 =+ ==180-0

90

80

70 =

60 =

50 o

40

Output Current (mA)

30 o

20 =

10 =

O | | L | | L
0 30 60 90 120 150 180
Conduction Angle (°)

Figure 12 — Leading Edge Dimming Characteristics.

g Power Integrations, Inc.
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10.2 WHILHE
Measured using a programmable AC source providing the leading edge chopped AC
input.Note that dimming efficiency varies with the dimmer used.

a0

80 =

(&) (o)) ~
o o o
2 2 2

Efficiency (%)
5

30 =

20 =

10 =

0 | | | | L | " L
0 30 60 90 120 150 180

Conduction Angle (°)

Figure 13 — Driver Efficiency as a function of Conduction Angle.

Power Integrations E
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10.3 I RIIEIHI B )25 DI FE

Measured using a programmable AC source providing the leading edge chopped AC
input. Note the increase in power loss at ~30 due to turn-off circuit.

3.0
e==Power Loss 0 - 180
===Power Loss 180 - 0
2.5 +
~2.0 +
2
7))
n
S 15+
o
=
@]
O 10+
0.5+
OO - ¥ T T | |
0 30 60 90 120 150 180

Conduction Angle (°)

Figure 14 — Driver Power Loss as a function of Conduction Angle.

g Power Integrations, Inc.
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10.4 L ZERBE IS Z
The unit was tested with the following high-linedimmers at 230VAC, 50 Hz input and

~120V LED load.

Dimmers Type lour (MA) DR
Max Min
BERKER 2830 10 LE 97 28 3.46
JUNG 225 NV DE LE 95 19 5.00
JUNG 254 UDIE 1 TE 95 20 4.75
JUNG 266 G DE LE 97 23 4.22
BUSCH 2200 UJ-212 LE 97 33 2.94
BUSCH 2250 U LE 98 19 5.16
BUSCH 2247 U LE 97 28 3.46
GIRA 2262 00/ 101 LE 97 15 6.47
GIRA 0300 00 /101 LE 97 32 3.03
GIRA 0302 00/ 101 LE 98 24 4.08
GIRA 1176 00/103 TE 95 26 3.65
310-013 LE 99 27.5 3.60
310-017 TE 92 29 3.17
310-014 LE 99 33 3.00
310-016 LE 99 30 3.30
KOPP 8033 LE 93 25 3.72
BUSCH 691 U-101 ELEC 92 21 4.38
BUSCH 6513 U-102 TE 97 22 4.41
PEHA 433HAB TE 93 31 3.00
PEHA 433HAB Oa TE 86 21 4.10
REV 300W LE 97 1 97.00
2250 LE 98 21 4.67
400W LE 93 6 15.50
572499 LE 99 16 6.19
6513 TE 97 23 4.22
2875 LE 97 23 4.22
TCL LE 100 21 4.76
SEN BO LANG LE 100 35 2.86
EBA HUANG LE 100 1 100.00
SB ELECT LE 99 1 99.00
MYONGBO LE 100 34 2.94
KBE LE 100 5 20.00
CLIPMEI LE 100 22 4.55
MANK LE 100 37 2.70
32E450LM LE 94 22 4.27
32E450TM TE 92 20 4.60
32E2CFLDM TE 91 20 4.55
32E450UDM TE 95 24 3.96
SED200LRS LE 99 1 99.0
WDE200L-1 LE 99 1 99.0
SED300FHS LE 97 6 16.2
EED100PRS LE 99 1 99.0
E0902 DIM LE 97 17 5.7
WDE300F-1 LE 99 1 99.0

%2901 (F£4970)
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11 #i4dge
The following reading were taken at open frame, room temperature condition

11.1 230VAC, 50Hz: FEZEH £

Figure 16 — R24: Damper Resistor.

g Power Integrations, Inc.
Hiifi: +1408 414 9200 fL¥: +1408 414 9201
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11.2 230VAC, 50Hz: ZF#EHEE, 90°EiFE

Figure 18 — R24: Damper Resistor.

Power Integrations g
HLTE: +1408 414 9200 f5E: +1408 414 9201
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12 dEifX (GREREREEES) K
12.1 A BEFIHA BB

-~ ~ N f\ - ;"‘-\_ s N s
‘-\..,/ s ; N ..I"\ . v \
Figure 19 —190 VAC, Full Load. Figure 20 — 220 VAC, Full Load.
Upper: Iin, 50mA / div. Upper: Iin, 50mA / div.

Lower: Viy, 100 V, 10 ms / div. Lower: Vin, 100 V, 10 ms / div.

Y N r "\ \ 4
Figure 21 — 240 VAC, Full Load. o Figure 22 — 265 VAC, Full Load.
Upper: Iin, 50mA / div. Upper: Iin, 50mA / div.
Lower: V|n, 100V, 10 ms / div. Lower: Vi, 100V, 10 ms / div.

g Power Integrations, Inc.
Hiifi: +1408 414 9200 fL¥: +1408 414 9201
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12.2 IE& TIERTBI% M B 7w #0% L B E

Measure FLmmCT) B2 muan(ca) (ST 4 meaniF 2y 5 mnEL) B man M BT B2 muan(ca) P phaa 4 meantF 3 5 mnEL) a2
value NE Y 88y Iy s RCTELY a208 mv ey

stuns - - .

LeCroy

"
watue 2 m m
stats 4 o -
0 Wi M m-
102014 5081 3 FM

Figure 23 — 190 VAC, 50Hz.Full Load.

A1 02014 S:DE 48 P

Figure 24 — 220 VAC, 50Hz. Full Load.
Upper: lout, 20mA / div. Upper: lout, 20mA / div.
Lower: Vour, 20 V, 10 ms / div. Lower: Vour, 20 V, 10 ms / div.

meanicy PApkgRC )
RECArY 378y
sta

4 maniF PhmnFED BEmanc Measrs Bl B2 muanica) P phas FamanFE Ly 5 mnEL) wmanC2)
B 1y value MY S48 v 1y
- - - stuns - - -
m- 500 k&
LeCroy

Figure 25 — 240 VAC, 50Hz.Full Load.  Figure 26 — 265 VAC, 50Hz. Full Load.
Upper: lout, 20mA / div. Upper: lout, 20mA / div.
Lower: Vour, 20 V, 10 ms / div. Lower: Vout, 20 V, 10 ms / div.

Power Integrations
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12.3 %M BFRIHFE
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Measie ELmaan(cH Ps‘nw-_\uu a3 S D) 6 manC2)
s T b

Figure 27 — 190 VAC Output Rise.
Upper: lout, 20mA / div.
Lower: Vi, 100 V, 50 ms / div.

MMMV

..................

Figure 28 — 90 VAC Output Fall.
Upper: lout, 20mA / div.

Lower V.N, 200 V 100 ms / div.

1{,1
lJ[Il

R

..... i T A LD AR 1
| 1 i - A
.......... V L v
Measure i) ELmaanich PEpkgIC ] 5Ny Bl
value B4 my 418 my 1085 my
stans - kS -
LeCroy

Figure 29 — 265 VAC Output Rise.

Upper: loyt, 20mA / div.
Lower: Vin, 100 V, 50 ms / div.

Power Integrations, Inc.
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Flgure 30 — 265 VAC Output Fall.

Upper: lout, 20mA / div.
Lower: Vin, 100 V, 50 ms / div.
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12.4 IEH T1ERTRIIGHRE EFIE 7T

Measure BlmaniG1) ELmoanity PaphRs s PEmanty) P a4y

watue LY 424 iy v
sl 4 o o

Figure 31 — 190 VAC, 50Hz.
Upper: IDRAIN, 0.1 A/ div.
Lower: VDRAIN; 100 V,2ms / div.

Measure Blmanc1) EXmoan(c PaphgRis PEmanty) P a4y

watue sy axamy 38y
sl 4 o o

Figure 33 — 265 VAC, 50Hz.
Upper: IDRAINy 0.1 A/ div.
Lower: Vpran, 100 V,2ms / div.

(S
L N W . SO |
- e et et — — —
Meaure #1man(C1) EXmeaniCH PAplkpRCly PamanCH) P manC ) PEmanCI)
value anv 42 mv v
b L

Figure 32 — 190 VAC, 50Hz.
Upper: lorain, 0.1 A/ div.
Lower: VDRAIN, 100V/ diV., 5],,[8 / div.

Measure B1manc1) ELmoan(c PaphgRis Pemany) P a4y B man2)
1 v A1y M8y

Figure 34 — 265 VAC, 50Hz.
Upper: IDRAIN; 0.1 A/ div.
Lower: Vpran, 100 V / div., 5us / div.

%3500 (F£49710)
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12.5 |5500109 R B EFIE 7

Figure 35 — 190 VAC, 50Hz Start-up. Figure 36 — 190 VAC, 50Hz Start-up.
Upper: Iprain, 200mA / div. Upper: Iprain, 200mA / div.
Lower: Vpran,100 V, 2 ms / div. Lower: Vprain,100 V, 10us / div.

| S== |
LeCroy - — kb4 :3\ I: LeCroy - A B014 5:32 I:

Figure 37 — 265 VAC, 50 Hz Start-up. Figure 38 — 265 VAC, 50 Hz Start-up.

Upper: Iprain, 200mA / div. Upper: Iprain, 200mA / div.

Lower: Vpran,100 V, 2 ms / div. Lower: Vprain, 100 V, Sus / div.
g Power Integrations, Inc.
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12.6 Bt FZE50T09 1R E 7 AR B

Figure 39 —190 VAC, 50Hz Output Short Condition. Figure 40 —190 VAC, 50Hz Output Short Condition.
Upper: Iprain, 200mA / div. Upper: Iprain, 200 mA / div.
Lower: Vpran,100 V, 200ms / div. Lower: Vprann, 100 V, 1us / div.
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Figure 41 — 265 VAC, 50Hz Output Short Condition. Figure 42 — 265 VAC, 50Hz Output Short Condition.
Upper: Iprain, 200 mA / div. Upper: Iprain, 200 mA / div.
Lower: Vpran, 100 V, 5ms / div. Lower: Vpran, 100 V, 1us / div.
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Figure 43 —190 VAC, 50Hz Open Load Condition.
Upper: Vour, 50 V / div.
Lower: Iprain, 200 mA, 100ms / div.

Figure 44 — 265 VAC, 50Hz Output Short Condition.
Upper: Vour, 50 V / div.
Lower: Iprain, 200 mA, 200ms / div.

12.8 BELE ZEH

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

B1manc1) maanicy PaphaRic PEmaniy) P manc gy B man2)
i B8 my 1218w nramy

LeCroy 12014 6:25 53 P

Figure 45 — Brown-out Test at 0.5V/ s. The Unit is
Able to Operate Normally Without Any
Failure and Without Flicker.Ch4: V y;
100V/ div.
Ch2: loyt; 20mA/ div.
Time Scale:100s/ div.

g Power Integrations, Inc.
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13 RN ER

13.1 WA BERGA BB - Bt

Input: 230VAC, 50Hz
Output: 120V LED Load
Dimmer: WDE300F-1

k\. (_/ /_\\ﬂ} /‘\F/L\

\/ /\\/’ f\\/'

Measure Bl manC ) ELmuan(c P phanic J uuuauu, P manc ) B man2)

Figure 46 —162°Conduction Angle. Figure 47 — 135°Conduction Angle.
Upper: Iy, 50mA / div. Upper: Iy, 50mA / div.
Lower: Viy, 100 V, 5 ms / div. Lower: Viy, 100 V, 5 ms / div.

\
ZESE

Measure Bl manC ) ELmoanity PApkgRIC ) PEmany) P manc gy B man2) Measire
a m S1.0miv 08

F|gure 48 — 90°Conduction Angle. Flgure 49 — 30°Conduction Angle.
Upper: Iin, 50mA / div. Upper: Iin, 50mA / div.
Lower: V|, 100 V, 5 ms / div. Lower: V|, 100 V, 5 ms / div.
Power Integrations E
2 Hiffi: +1408 4149200 f%H: +1408 414 9201
5@39ﬁ (:/H\:49ﬁ ) www.powerint.com
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13.2 BB R — Fi/aEiLes
Input: 230VAC, 50 Hz

Output: 120 V LED Load
Dimmer: WDE300F-1

70 70 P . W B WP

_ | =
/d\//\\/. =

ELmoan(c PApkgRC ) PEmanty) o B man2) Measire
s120my By 1108 my vahue
o - o

LeCroy

Figure 50 — 162°Conduction Angle.
Upper: lout, 20mA / div.

LeCroy

Figure 51 — 135°Conduction Angle.

Upper: lout, 20mA / div.
Lower: Viy, 100 V, 5 ms / div. Lower: V|y, 100 V, 5 ms / div.

/

v i Bl o A e v T CHS TER Tum e e
slatrs T o Cd slatrs T o Cd o
Figure 52 — 90°Conduction Angle. Figure 53 — 30°Conduction Angle.
Upper: lout, 10mA / div. Upper: lout, 10mA / div.
Lower: Vi, 100 V, 5 ms / div.

Lower: V|\, 100V, 5 ms / div.

Power Integrations, Inc.
Hii%: +1408 414 9200 fLH.: +1408 414 9201
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13.3 A BERFA B RE — /5805
Input: 230VAC, 50 Hz

Output: 120 V LED Load

Dimmer: PEHA 433HAB

N s i o e i R, = G e —
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Figure 54 — 124°Conduction Angle. Figure 55 — 120°Conduction Angle.
Upper: lin, 50mA / div. Upper: lin, 50mA / div.
Lower: Viy, 100 V, 5 ms / div. Lower: Viy, 100 V, 5 ms / div.

Measure Bl manC 1) ELmoan(cn PApkRC ) PEmanty) P manc gy B man2) Measure ELmoanity PaphgRC ) PEmany) P a4y BEmanc)

watue Tamy T my 0T iy 3md watue 22088 Y 16.98 w0 324 my
slats o - o Lt o o o

LeCroy LeCroy

Figure 56 — 54°Conduction Angle. Figure 57 — 43°Conduction Angle.

Upper: Iin, 50mA / div. Upper: Iin, 50mA / div.
Lower: V|, 100 V, 5 ms / div. Lower: Vi, 100 V, 5 ms / div.

Power Integrations
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13.4 Gt B R — I5/8 L8
Input: 230VAC, 50 Hz

Output: 120 V LED Load
Dimmer: PEHA 433HAB

r/\"\ r/\"-\ / /__/\., ’-/‘\ /_/ /‘
J'! / L\/ [ \_\
LeCray LeCray m
Figure 58 — 124°Conduction Angle. Figure 59 — 90°Conduction Angle.
Upper: lout, 20mA / div. Upper: lout, 20mA / div.
Lower: Viy, 100 V, 5 ms / div. Lower: Viy, 100 V, 5 ms / div.

Measire B man(C 2y ELmean(CH Paplarn PLmany) P e 4y BEman|C2) |
4 8487 iy EREL 4208 my 3
|||||| =] PLplkokiCT) PhmandCT) PSimsa{C4) Plmax(CT)

e

2.
F2a00 my 1607 mw
L L

Figure 60 — 54°Conduction Angle. Figure 61 — 43°Conduction Angle. ‘
Upper: loyt, 10mA / div. Upper: loyt, 10mA / div.
Lower: Vin, 100 V, 5 ms / div. Lower: Vin, 100 V, 5 ms / div.
g Power Integrations, Inc.
Hiifi: +1408 414 9200 f4E: +1408 414 9201 .
www.powerint.com 5@42ﬁ (:/H\:49ﬁ )
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13.5 FtRE BT — Fi/avELEs
Input: 230VAC, 50 Hz

Output: 120 V LED Load
Dimmer: WDE300F-1

Figure 62 — 162°Conduction Angle. Figure 63 — 135°Conduction Angle.
Upper: U1 Ips, 100mA / div. Upper: U1 Ips, 100mA / div.

Lower: Viy, 100 V, 2 ms / div. Lower: Vin, 100 V, 2 ms / div.

Figure 64 — 90°Conduction Angle. Figure 65 — 30°Conduction Angle.
Upper: U1 Ips, 100mA / div. Upper: U1 Ips, 100mA / div.
Lower: V|, 100V, 2 ms / div. Lower: Vi, 100V, 2 ms / div.
Power Integrations g
2 Hiffi: +1408 4149200 f&E: +1408 414 9201
5@43ﬁ (;j\:49ﬁ ) www.powerint.com
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14 £SEMI
14.1 iR &

Figure 66 — Conducted EMI Test Set-up.

g Power Integrations, Inc.
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Figure 67 — Conducted EMI, ~120V LED Load, 230 VAC, 60 Hz, and EN55015 B Limits.
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Figure 68 — Conducted EMI, Final Measurement Results.
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15 Hi iR
Differential input line 500V surge testing was completed on a single test unit to
IEC61000-4-5. Input voltage was set at 230 VAC / 60 Hz.

Surge Vlc?IFt):gte Injecti_on Injection | Test ReSl_JIt

Level (V) (VAC) Location | Phase (°) | (Pass/Fail)
+500 230 LtoN 90 Pass
-500 230 LtoN 90 Pass
+500 230 LtoN 0 Pass
-500 230 L to N 0 Pass

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 VIC?IE[);g;[e Injecti_on Injection | Test ReSl_JIt
Level (V) (VAC) Location | Phase (°) (Pass/Fail)
+2500 230 LtoN 90 Pass
-2500 230 LtoN 90 Pass
+2500 230 L to N 0 Pass
-2500 230 L to N 0 Pass

Unit passed under all test conditions.

Measure P1imax(C1) P2maxiC2) P3:pkpk(C2) P4max(C3) P5:max(C4) PBmMax(C2)
value rsy 556V 539y

Figure 69 — 500V Differential Surge. 589V maximum VDS.
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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.
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HiperTFS, HiperLCS, Qspeed, EcoSmart, Clampless, E-Shield, Filterfuse, StackFET, PI Expert and Pl FACTS are trademarks of
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