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1 Introduction

This document describes an isolated, high power factor (PF), low THD LED driver
designed to drive a nominal LED string voltage of 24 V at 1 A from an input voltage
range of 195 VAC to 265 VAC (50 Hz typical). The LED driver utilizes the LYT4325E from
the LYTSwitch-4 family of ICs.

The topology used is a single-stage isolated flyback that provides high power factor,
constant current and constant voltage regulation, and low THD.

This document contains the LED driver specification, schematic, PCB details, bill of
materials, transformer documentation and typical performance characteristics.

LYTSwitch™ 4

DER429 REV1 1428

Figure 2 — Populated Circuit Board, Bottom View.
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2 Power Supply Specification

The table below represents the minimum acceptable performance of the design. Actual
performance is listed in the results section.

Description Symbol | Min Typ | Max | Units Comment

Input
Voltage Vin 195 230 265 VAC 2 Wire — no P.E.
Frequency fLine 50/60 Hz
Output
Output Voltage Vour 24 Y
Output Current Iout 1.04 A
Total Output Power
Continuous Output Power Pour 25 W
Efficiency
Full Load n 85 % Measured at Poyr 25 °C
Environmental
Conducted EMI CISPR 15B / EN55015B
Safety Non-Isolated
Ring Wave (100 kHz) 2.5 kv

Differential Mode (L1-L2) 1.0 kv
Power Facto 096 o B
Ambient Temperature Tame 40 °C Free convection, sea level
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3 Schematic
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Figure 3 — Schematic.
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4 Circuit Description

The LYTSwitch-4 device (LYT4325E) in this design provides high power factor in a
single-stage conversion topology with low THD while regulating the output to provide a
constant voltage and current output across a wide input range. The driver also
compensates for the output voltage variations that are expected in a typical LED driver
environment. The LYT4325E IC is a member of the LYTswitch-4 family and is configured
for use in a single-stage flyback topology.

4.1 Input EMI Filtering

Fuse F1 provides protection from component failure and RV1 provides a clamp to limit
the maximum voltage during line-surge events. Bridge rectifier BR1 rectifies the AC line
voltage and provides a full wave rectified DC across the filter consisting of C1, L3, and
C2. Resistor R2 is connected across L3 to lower the Q for better filtering of high
frequency EMI.

4.2 Power Circuit

Output diode D7 conducts every time Ul is off and transfers energy to the load. Diode
D3 is a blocking diode to prevent reverse current flowing through U1 when the voltage
across C2 falls below the output voltage (close to the zero crossing of the input AC
voltage). Peak line voltage information needed by U1l for regulation as well as power
factor correction is provided by the peak detection circuit consisting of R3, D1, and C3. A
current will flow to the VOLTAGE MONITOR (V) pin due to this voltage via R4 and R5.
The line overvoltage shutdown function, sensed via the V pin current, extends the
rectified line voltage withstand (during surges and line swells) to the 725 BVpss rating of
the internal power MOSFET. Capacitor C5 provides local decoupling for the BP pin of Ul
which is the supply pin for the internal controller. During start-up, C5 is charged to ~6 V
from an internal high-voltage current source connected to the D pin of Ul. The
REFERENCE pin of U1 is tied to ground (SOURCE) via 24.9 kQ value resistor R8.

4.3 Bias Supply and Output Feedback

A bias winding on T1 is used to provide supply and feedback to the IC. The flyback
voltage on the bias winding is rectified by diode D6 and filtered by C6. Resistor R12
reduces excess voltage coupled from the leakage inductance energy of the transformer
T1. The voltage across the bias circuit results in a current flowing through R13 to the
LYT4325E FEEDBACK pin (FB). This information is used by the IC to set the output
current of the LED driver.

4.4 Constant Voltage

Constant voltage operation can be achieved through network circuit U2, R15, R17, C7,
U3, R18, R14, and C11. Regulator U3 serves as a reference that allows optocoupler U2 to
conduct when the output voltage exceeds 24 V. Resistor network R17 and R18
determines the proper voltage divider value that will allow U3 to conduct when its
internal reference voltage (approximately 2.5 V) is exceeded. When U2 conducts, current

Tel: +1 408 414 9200 Fax: +1 408 414 9201
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on the FEEDBACK pin is diverted. This means current flows through optocoupler U2
through R2 instead of to the FEEDBACK pin (through R13). In this manner a constant
voltage across the output is achieved.

4.5 Overvoltage Circuit

Overvoltage protection is achieved through the VR1, R20, R19, U4, Q1, R21, and C10. In
normal operating conditions the output voltage is 24 V. As the output load decreases,
(approaching no-load condition), output voltage rises. Zener diode VR1 conducts and
injects current into Q1 through R20. This makes the optocoupler U2 conduct. When U2
conducts, current on the VOLTAGE MONITOR pin is diverted. This means that current
flows to U2 (primary side) through R4 and R5 and activates the overvoltage protection
feature.

Power Integrations ™
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5 PCB Layout

- 3.94 s |
1007
5LOT 1 SLOT 2 ’|
i )

1.42

Figure 4 — Top Side.
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Figure 5 — Bottom Side.
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6 Bill of Materials

Ref

Item | Qty Des Description Mfg Part Number Manufacturer
1 1 BR1 1000 V, 0.8 A, Bridge Rectifier, SMD, MBS-1, 4-SOIC B10S-G Comchip Technology
2 1 Cl 330 nF, 450 V, Film ECWF2W334JAQ Panasonic
3 1 C2 330 nF, 450 V, Film ECWF2W334JAQ Panasonic
4 1 C3 4.7 WF, 400 V, Electrolytic, (8 x 11.5) TAQ2G4R7MKO0811MLL3 Taicon
5 1 C4 2.2 nF, 630 V, Ceramic, X7R, 1206 C3216X7R21222K TDK
6 1 C5 100 pF, 10 V, Ceramic, X5R, 1206 C3216X5R1A107M TDK
7 1 6 (523“5 151% V. Electrolytic, Very Low ESR, 140 mQ EKZES00ELL560MF11D Nippon Chemi-Con
8 1 C7 1 yF, 50 V, Ceramic, X7R, 0805 C2012X7R1H105M TDK
9 1 C8 470 pF, 50 V, Electrolytic, (10 x 20) EKMG500ELL471MJ20S United Chemi-con
10 1 C9 470 pF, 50 V, Electrolytic, (10 x 20) EKMG500ELL471MJ20S United Chemi-con
11 1 C10 10 nF, 50 V, Ceramic, X7R, 0805 C0805C103K5RACTU Kemet
12 1 C1l1 2.2 YF, 50 V, Ceramic, Y5V, 1206 UMK316F225ZG-T Taiyo Yuden
13 1 C12 10 nF, 50 V, Ceramic, X7R, 0805 C0805C103K5RACTU Kemet
14 1 C18 470 pF, 1000 V, Ceramic, COG, 1206 V]1206A471IXGAT5Z Vishay
15 1 CY1 2.2 nF, 250 VAC, Film, X1Y1 CD12-E2GA222MYNS TDK
16 1 D1 400V, 1 A, DIODE SUP FAST 1 A PWRDI 123 DFLU1400-7 Diodes, Inc.
17 1 D2 Diode Ultrafast, SW 600 V, 1 A, SMA US1J-13-F Diodes, Inc.
18 1 D3 Diode Ultrafast, SW, 200 V, 1 A, SMA US1D-13-F Diodes, Inc.
19 1 D4 75V, 0.15 A, Switching, SOD-323 BAV16WS-7-F Diodes, Inc.
20 1 D5 75V, 0.15 A, Switching, SOD-323 BAV16WS-7-F Diodes, Inc.
21 1 D6 250 V, 0.2 A, Fast Switching, 50 ns, SOD-323 BAV21WS-7-F Diodes, Inc.
22 1 D7 200 V, 8 A, Ultrafast Recovery, 25 ns, TO-220AC BYW29-200G ON Semi
23 1 F1 5 A, 250V, Fast, Microfuse, Axial 0263005.MXL Littlefuse
24 1 FL1 PCB Terminal Hole, #22 AWG N/A N/A
25 1 FL2 PCB Terminal Hole, #22 AWG N/A N/A
26 1 J1 /L | Wire, Blue, #20 AWG, 3" Anixter
27 1 J2 /N | Wire, White, #20 AWG, 3" Anixter
28 1 L1 220 pH, 0.68 A, 9 x 11.5 mm SBC3-221-681 Tokin
29 1 L2 220 pH, 0.68 A, 9 x 11.5 mm SBC3-221-681 Tokin
30 1 L3 8.8 mH, 0.7 mA, AC Filter T/H Common Mode Choke SU10VFC-R07088 Kemet
31 1 Q1 NPN, Small Signal BJT, 40 V, 0.2 A, SOT-23 MMBT3904LT1G On Semi
32 1 R1 12 kQ, 5%, 1/8 W, Thick Film, 0805 ERJ-6GEYJ123V Panasonic
33 1 R2 47 kQ, 5%, 1/4 W, Thick Film, 1206 ERJ-8GEYJ473V Panasonic
34 1 R3 510 kQ, 5%, 1/8 W, Thick Film, 0805 ERJ-6GEY]514V Panasonic
35 1 R4 2.00 MQ, 1%, 1/4 W, Metal Film RNF14FTD2M00 Stackpole
36 1 R5 3 MQ, 1%, 1/4 W, Thick Film, 1206 KTR18EZPF3004 Rohm
37 1 R6 200 kQ, 5%, 1/4 W, Thick Film, 1206 ERJ-8GEYJ204V Panasonic
38 1 R7 200 kQ, 5%, 1/4 W, Thick Film, 1206 ERJ-8GEYJ204V Panasonic
39 1 R8 24.9 kQ, 0.1%, 1/8 W, Thick Film, 0805 TNPW080524K9BEEA Vishay
40 1 R9 5.9 kQ, 1%, 1/4 W, Thick Film, 1206 ERJ-8ENF5901V Panasonic
41 1 R10 357 kQ, 1%, 1/4 W, Thick Film, 1206 ERJ-8ENF3573V Panasonic
42 1 R11 10 kQ, 5%, 1/4 W, Carbon Film CFR-25]B-10K Yageo
43 1 R12 174 Q, 1%, 1/8 W, Thick Film, 0805 ERJ-6ENF1740V Panasonic
44 1 R13 147 kQ, 1%, 1/4 W, Thick Film, 1206 ERJ-8ENF1473V Panasonic
45 1 R14 10 kQ, 5%, 1/4 W, Carbon Film CFR-25]B-10K Yageo
46 1 R15 10 kQ, 1%, 1/8 W, Thick Film, 0805 ERJ-6ENF1002V Panasonic
47 1 R16 1 kQ, 5%, 1/8 W, Thick Film, 0805 ERJ-6GEYJ102V Panasonic
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48 1 R17 86.6 kQ, 1%, 1/8 W, Thick Film, 0805 ERJ-6ENF8662V Panasonic

49 1 R18 10 kQ, 1%, 1/8 W, Thick Film, 0805 ERJ-6ENF1002V Panasonic

50 1 R19 10.0 kQ, 1%, 1/4 W, Metal Film MFR-25FBF-10K0 Yageo

51 1 R20 10 kQ, 5%, 1/4 W, Carbon Film CFR-25]B-10K Yageo

52 1 R21 10 kQ, 5%, 1/4 W, Carbon Film CFR-25]B-10K Yageo

53 1 R22 10.0 kQ, 1%, 1/4 W, Metal Film MFR-25FBF-10K0 Yageo

54 1 R27 47 Q, 5%, 1/4 W, Thick Film, 1206 ERJ-8GEYJ470V Panasonic

55 1 R28 820 kQ, 5%, 1/8 W, Thick Film, 0805 ERJ-6GEY]824V Panasonic

56 1 RV1 250V, 213, 7 mm, RADIAL LA V250LA2P Littlefuse

57 1 T Bobbin, RM8, Vertical, 12 pins RM8/12/1 Schwartzpunkt
Transformer SNX-R1771 Santronics

58 1 TE1 Terminal, Eyelet, Tin Plated Brass, Zierick PN 190 190 Zierick

59 1 TE2 Terminal, Eyelet, Tin Plated Brass, Zierick PN 190 190 Zierick

60 | 1 1';}}6 Wire, Red, #20 AWG, 3" Anixter

61 | 1 | ™2/ | wire, Black, #20 AWG, 3" Anixter

RTN

62 1 Ul LYTSwitch-4, eSIP-7C LYT4325E Power Integrations

63 1 U2 Optocoupler, 35 V, CTR 300-600%, 4-DIP LTV-817D Liteon

64 1 U3 2.495 V Shunt Regulator IC, 2%, 0 to 70C, TO92 LM431ACZ National Semi

65 1 U4 Optocoupler, 35V, CTR 300-600%, 4-DIP LTV-817D Liteon

66 1 VR1 26V, 5 mW, SOD-123 DDZ26-7 Diodes, Inc.

67 1 VR3 6.2 V, 5%, 150 mW, SSMINI-2 DZ25062M0OL Panasonic

Tel: +1 408 414 9200 Fax: +1 408 414 9201
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7 Inductor Specification

7.1 Electrical Diagram

RMS/
12 1 FL1
Pri, 73T I|[¢ 24.00V,18 T
1 x #33 AWG 3 E 1x#25 T.LW.
10 * FL2
12 . MMs 2
CW, 18T % % Bias, 19 T
2 X #33 AWG 2 x #33 AWG
NC ] 3

Figure 6 — Inductor Electrical Diagram.

Note:

Pri = Primary Winding

CW = Cancellation Winding
24.00 V = Main Output Winding
Bias = Bias Winding

7.2 Electrical Specifications

Parameter Condition Spec.
Nominal Primary Measured at 1 V pk-pk, 100 kHz switching frequency, between pin 10 and
. ) L 1043 pH
Inductance pin 12, with all other windings open.
Tolerance Tolerance of Primary Inductance +10%
Primary Leakage Measured between pin 10 to pin 12, with all other windings shorted. 30 pH Max.
Inductance

7.3 Materials

Item Description

[1] Core: RM8, PC95 TDK.

[2] Bobbin: RM8, Vertical, 12 pins (PI P/N: 25-00907-00).

[3] Barrier Tape: Polyester film [1 mil (25 um) base thickness], 8.60 mm wide.
[4] Varnish.

[5] Magnet Wire: #33 AWG, Solderable Double Coated.

[6] Triple Insulated Wire: #25 AWG.

Page 13 of 82

Power Integrations
Tel: +1 408 414 9200 Fax: +1 408 414 9201
WWW.power.com

5




DER-429 18-25 W LED Driver Using LYT4325E 13-May-15

7.4 Inductor Build Diagram

2 FL2
7 2000V] | K5 0 000000000 fu
4% Bias Winding 3
SOOOOOOOO0O00 ool 2
- SYOOOOOOOOOOOOK 12
% Primary Winding l (: -0-0-0-¢- - _. 10
- . . NC
| #% Cancellation Winding | | KOO OO OO 00— 12

Figure 7 — Inductor Build Diagram.

7.5 Inductor Construction

Cancellation | Start on pin 12, wind 18 turns (x2 filar) of AWG #33 in 1 layer(s) from right to left.
Winding Spread the winding evenly across entire bobbin. Finish this winding on pin(s) 12.
Insulation | Add 1 layer of tape, item [3], for insulation.
Start on pin(s) 10 and wind 73 turns (x1 filar) of AWG #33 in 2 layer(s) from right to left.
Primary At the end of 1st layer, continue to wind the next layer from left to right. On the final
Winding layer, spread the winding evenly across entire bobbin. Finish this winding on pin(s) 12.
Insulation | Add 1 layer of tape, item [3], for insulation.
Bias SFart on pin(s_) 2 and_ wi_nd 19 turns (x2 _fiIa_r) of AWG #33. Win_d in same r_o'gationgl
Winding d|_rec_t|on as primary winding. Spread the winding evenly across entire bobbin. Finish this
winding on pin(s) 3.
Insulation | Add 3 layers of tape, item [3], for insulation
Start on FL1 (this is a fly lead) and wind 18 turns (x1 filar) of AWG #25 in 2 layer(s) from
Secondary | right to left. At the end of 1st layer, continue to wind the next layer from left to right.
Winding Spread the winding evenly across entire bobbin. Finish this winding on FL2 (this is a fly
lead).
Insulation | Add 2 layers of tape, item [3], for insulation.
Finish Grind core to achieve 1043 pH inductance.
Assemble Assemble and secure core halves with 3 layers of tape.
Pins Cutpins1,4,5,6,7,9, 11.
Finish Dip the transformer assembly in varnish.
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8 Inductor Design Spreadsheet

ACDC_LYTSwitch-
4_HL_102113;

LYTSwitch-4_HL_102113: Flyback

szx:;ll;nigg:;igoh:s e b elarths oL Transformer Design Spreadsheet
2013
ENTER APPLICATION VARIABLES
—_ . Select 'YES' option if dimming is required.

Dimming required LY No Otherwise seIth 'NO'. ) )
VACMIN 195.00 195 Vv Minimum AC Input Voltage
VACMAX 265.00 265 Vv Maximum AC input voltage
fL 50 Hz AC Mains Frequency
VO 24.00 24 \Y Typical output voltage of LED string at full load
VO_MAX 25.20 25.20 \Y Maximum expected LED string Voltage.
VO_MIN 22.80 22.80 \Y Minimum expected LED string Voltage.
V_OVP 26.00 26.00 Vv Over-voltage protection setpoint
10 1.04 1.04 A Typical full load LED current
PO 25.0 W Output Power
n 0.85 0.85 Estimated efficiency of operation
VB 25.00 25 \Y Bias Voltage
ENTER LYTSwitch VARIABLES
LYTSwitch LYT4225 LYT4225 Selected LYTSwitch

. Select "RED" for reduced Current Limit mode or
Current Limit Mode RO FULL "FULL" for Full current limit mode
ILIMITMIN 1.41 A Minimum current limit
ILIMITMAX 1.63 A Maximum current limit
fS 132000 Hz Switching Frequency
fSmin 124000 Hz Minimum Switching Frequency
fSmax 140000 Hz Maximum Switching Frequency
v 80.6 UuA V pin current
RV 4.00 4 M-ohms Upper V pin resistor
RV2 1000000000000 M-ohms Lower V pin resistor
IFB 165.00 165.0 uA FB pin current (85 uA < IFB < 210 uA)
RFB1 133.3 k-ohms FB pin resistor
VDS 10.00 10 \Y LYTSwitch on-state Drain to Source Voltage

Output Winding Diode Forward Voltage Drop (0.5
VD nE 0.50 v \ fo? Schottky a?nd 0.8 V for PN diode§J P
VDB 0.70 0.70 \Y Bias Winding Diode Forward Voltage Drop
Key Design Parameters
Ripple to Peak Current Ratio (For PF > 0.9, 0.4 <

KP 0.65 0.65 o 09) (
LP 1043 uH Primary Inductance
VOR 100.00 100 Vv Reflected Output Voltage.
Expected 10 (average) 1.02 A Expected Average Output Current
KP_VNOM 0.62 Expected ripple current ratio at VACNOM
TON_MIN 1.72 us Minimum on time at maximum AC input voltage
PCLAMP 0.20 W Estimated dissipation in primary clamp
ENTER TRANSFORMER CORE/CONSTRUCTION VARIABLES
Core Type RM8/I RM8/I Select Core Size
Custom Core Enter Custom core part number (if applicable)
AE 0.63 0.63 cmA2 Core Effective Cross Sectional Area
LE 3.84 3.84 cm Core Effective Path Length
AL 3000.00 3000 nH/TA2 Ungapped Core Effective Inductance
BW 8.60 8.6 mm Bobbin Physical Winding Width
M 0.00 0 mm Safety Margin Width (Half the Primary to
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Secondary Creepage Distance)

L 2.00 2 Number of Primary Layers
NS 18.00 18 Number of Secondary Turns
DC INPUT VOLTAGE PARAMETERS
VMIN 276 \Y Peak input voltage at VACMIN
VMAX 375 Vv Peak input voltage at VACMAX
CURRENT WAVEFORM SHAPE PARAMETERS
DMAX 0.27 Minimum duty cycle at peak of VACMIN
TAVG 0.14 Average Primary Current
P 0.91 Peak Primary Current (calculated at minimum
input voltage VACMIN)
Primary RMS Current (calculated at minimum
IRMS 0.26 A input \%Itage VACMIN()
TRANSFORMER PRIMARY DESIGN PARAMETERS
LP 1043 uH Primary Inductance
LP_TOL 10.00 10 Tolerance of primary inductance
NP 73 Primary Winding Number of Turns
NB 19 Bias Winding Number of Turns
ALG 193 nH/TA2 Gapped Core Effective Inductance
BM 2030 Gauss Maximum Flux Density at PO, VMIN (BM<3100)
BP 3672 Gauss Peak Flux Density (BP<3700)
BAC 660 Gauss Q)CPZ!;)IE)DEHS'W for Core Loss Curves (0.5 X Peak
ur 1455 Relative Permeability of Ungapped Core
LG 0.38 mm Gap Length (Lg > 0.1 mm)
BWE 17.2 mm Effective Bobbin Width
oD 0.23 mm mzﬁ;;ntll:)nl;l Primary Wire Diameter including
Estimated Total Insulation Thickness (= 2 * film
INS 0.05 mm thickness) (
DIA 0.19 mm Bare conductor diameter
Primary Wire Gauge (Rounded to next smaller
AWG 33 AWG stand?rld AWG val%le)(
CM 51 Cmils Bare conductor effective area in circular mils
CMA 194 Crils/Amp Primary Winding Current Capacity (200 < CMA <

600)

TRANSFORMER SECONDARY DESIGN PARAMETERS (SINGLE OUTPUT EQ

UIVALENT)

Lumped parameters

ISP 3.70 A Peak Secondary Current
ISRMS 1.59 A Secondary RMS Current
IRIPPLE 1.23 A Output Capacitor RMS Ripple Current (based on
Expected 10)
CMS 319 Cmils Secondary Bare Conductor minimum circular mils
Secondary Wire Gauge (Rounded up to next larger
AWGS 2 AWG standardr}AWG vaIue? ( P ’
DIAS 0.46 mm Secondary Minimum Bare Conductor Diameter
Secondary Maximum Outside Diameter for Triple
ODS 0.48 mm Insulatecgy Wire P
VOLTAGE STRESS PARAMETERS
Estimated Maximum Drain Voltage assuming
VDRAIN 573 Vv maximum LED string voltage (Includes Effect of
Leakage Inductance)
Output Rectifier Maximum Peak Inverse Voltage
PIVS 118 \Y (calculated at VOVP, excludes leakage inductance
spike)
PIVB 123 \Y Bias Rectifier Maximum Peak Inverse Voltage
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(calculated at VOVP, excludes leakage inductance
spike)

FINE TUNING (Enter measured values from prototype)

V pin Resistor Fine Tuning

RV1 4.00 M-ohms Upper V Pin Resistor Value

RV2 1000000000000 M-ohms Lower V Pin Resistor Value

VAC1 115.0 Vv Test Input Voltage Condition1

VAC2 230.0 \Y Test Input Voltage Condition2

I0_VAC1 1.04 A Measured Output Current at VAC1

I0_VAC2 1.04 A Measured Output Current at VAC2

RV1 (new) 4.00 M-ohms New RV1

RV2 (new) 20911.63 M-ohms New RV2

V.oV 319.6 v Typlcal AC input voltage at which OV shutdown
will be triggered

V.UV 66.3 v Typical AC input voltage beyond which power
supply can startup

FB pin resistor Fine Tuning

RFB1 133.00 133 k-ohms Upper FB Pin Resistor Value

RFB2 200.00 200 k-ohms Lower FB Pin Resistor Value

VB1 30.00 30.0 \Y Test Bias Voltage Condition1

VB2 30.00 30.0 \Y Test Bias Voltage Condition2

101 1.04 1.04 A Measured Output Current at Vb1

102 0.98 0.98 A Measured Output Current at Vb2

RFB1 (new) #DIV/0! k-ohms New RFB1

RFB2(new) 0.0000 k-ohms New RFB2

Input Current Harmonic Analysis

Harmonic % of Fund Limit(%)

1st Harmonic 120.76 N/A Fundamental (mA)

3rd Harmonic 19.81 27.00 tPI’,]QeSﬁr.nlii'tercentage of 3rd Harmonic is lower than

5th Harmonic 8.3 10.00 PAS$. Eercentage of 5th Harmonic is lower than
the limit

7th Harmonic 4.7 .00 PASS_. I_’ercentage of 7th Harmonic is lower than
the limit

9th Harmonic 3.17 5.00 PASS_. I_Jercentage of 9th Harmonic is lower than
the limit

11th Harmonic 239 3.00 PAS§. Eercentage of 11th Harmonic is lower than
the limit

13th Harmonic 1.89 3.00 tPI’,]QeSﬁr.nlii'tercentage of 13th Harmonic is lower than

15th Harmonic 1.52 3.00 PAS$. Eercentage of 15th Harmonic is lower than
the limit

THD 22.0 % Estimated total Harmonic Distortion (THD)
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DER-429 18-25 W LED Driver Using LYT4325E 13-May-15
9 Heat Sink Assemblies

9.1 eSIP Heat Sink Assembly

9.1.1 eSIP Heat Sink Fabrication Drawing
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Figure 8 — eSIP Heat Sink Fabrication Drawing.
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9.1.2 eSIP Heat Sink Assembly Drawing

REVISION
NOTES: UNLESS OTHERWISE SPECIFIED
REV DESCRIPTION OF CHANGE DATE APPROVAL

/A\ SUPPLIER TO INSTALL PEM NUT, ITEM 2 AND
EYELET. ITEM 3 TO HEAT SINK. ITEM 1.

03 $0-00016-00 |TERM.EYELET.TIN PLD BRASS.ZIERICK PN 190 1
02 77-00001-00 | CAPTIVE NUT,CLINCH RND.55.4-40 PNL THK 056~ 1
o1 461-00176-00 | SHTM.HEATSINK «5IP,DER42P 1
MEM | PART NUMBER DESCRIPTION ary
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Figure 9 — eSIP Heat Sink Assembly Drawing.
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9.1.3 eSIP and Heat Sink Assembly Drawing

NOTES: UNLESS OTHEWISE SPECIFIED REVISION
REV DESCRIPTION OF CHANGE DATE APPROVAL

0& 75-00089-00 |SCREW MACHINE PHIL 4-40 X 3/16 55

0s 75-00144-00 |WSHRFLT #4 INC,0D.219,1D.125,THK.032,YEL CHR
04 60-00037-00 |EDGE CLIP,14.33mmlLx6.35mmW

03 10-00733-00 |LYTSWITCH,LYT4325EeSIP-7C

02 400003500 |THERMAL GREASESILICON,50Z TUBE AfR
01 410017401 |FABHEATSINK «5IP,DER429 1
ITEM | PART NUMBER DESCRIPTION any
o UIAESS OTHERWEE SPECHED: rave | oam = =
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Figure 10 — eSIP and Heat Sink Assembly Drawing.
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9.2 Diode Heat Sink Assembly

9.2.1 Diode Heat Sink Fabrication Drawing

NOTES: UNLESS OTHERWISE SPECIFIED REVBSION -
REV DESCRIPTION OF CHANGE | DATE | APPROVAL
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Figure 11 — Diode Heat Sink Fabrication Drawing.
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9.2.2 Diode Heat Sink Assembly Drawing

NOTES: UNLESS OTHERWISE SPECIFIED REVISION
A REV DESCRIPTION OF CHANGE DATE | APPROVAL
/1\ SUPPLIER TO INSTALL ITEM 2, EYELET TERMINAL, AND
ITEM 3, PEM NUT, TO TEM 1, HEAT SINK.
2 {ih
3 77-00001-00 |CPTE NUT,CLINCH RND,55,4-40 PNL THKNS.056" 1
2 60-00016-00 | TERMINAL EYELET, ZIERICK 1
1 461-00177-00 | SHTM.HEATSINK DIODE, DER427 1
ITEM | PART NUMBER DESCRIPTION QrY
.. UMLELS OTHERWEE IPECIFED: HANE DATE
EEPOWER === 55" e loi] Power Integrations
BEEAK THASP EDGES TOLERANCES:
INTEGRATIONS o T . CHECKED ST TITLE:
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Figure 12 — Diode Heat Sink Assembly Drawing.
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9.2.3 Diode and Heat Sink Assembly Drawing

REVISION
REV DESCRIPTION OF CHANGE DATE APPROVAL

NOTES: UNLESS OTHERWISE SPECIFED

04 | 750000100 | SCREW,MACHINE PHIL 4-40X 1/45S 1
03 | 750016400 | WSHRFLT #4 ZINC,OD.219,ID.125,THK 032 YEL 1
02 | 150067500 |200V,8A.ULTRAFAST RECOVERY,25nsTO220AC | 1
01 | 610017701 |FAB HEATSINK,DIODE,DER429 i
ITEM | PART NUMBER DESCRIPTION aQry
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Figure 13 — Diode and Heat Sink Assembly Drawing.
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10 Performance Data

All measurements were performed at room temperature. Refer to the table below for the
complete set of test data and graphs.

10.1 Efficiency at Different Line Condition Using 24 V LED String (Full Load)

87.0
86.5 =
86.0 =
3 )
S e
> ¢
O
E 85.5 =
Q
i
85.0 «
84.5 =
840 L] ) L] ) L] | | L] | | L] L | L]
195 200 220 230 240 265
Input Voltage (VAC)
Figure 14 — Efficiency vs. Input Voltage at Using 24 V LED String (Full Load).
Input Input Measurement Load Measurement
VAC Freq VIN IIN PIN PF %ATHD VOUT Iou'r Pou'r Effe:):iency
(Vrms) (Hz) | (Vrms) | (mAgwms) | (W) (Voc) | (Aoc) | (W) (%)
195 50 195.0 139.6 | 26.3]0.97 20.4 23.1 | 0.96 | 22.6 85.9
200 50 200.0 135.3 | 26.2]0.97 20.2 23.1 | 0.96 | 22.4 85.8
220 50 220.0 121.5 | 25.7]0.96 19.5 23.0 | 0.94 | 22.0 85.7
230 50 230.0 116.6 | 25.7]0.96 19.4 23.0 | 0.94 | 22.0 85.7
240 50 240.0 111.5 | 25.5]0.95 20.1 23.0 | 0.94 | 21.8 85.6
265 50 265.1 102.2 | 25.4] 0.94 21.5 229 | 0.93 | 21.7 85.4
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10.2 Efficiency at Different Load Percentage and Line Condition Using E-Load
92

==190 VAC
90 ===230 VAC ||
==265 VAC
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Figure 15 — Efficiency vs. Load Percentage at Different Line Voltage.
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10.2.1 100% Load

VAC | Freq Vin I Pin PE Vour Iout Pour | Efficiency
(Vrms) | (HZ) | (Vrms) | (Arms) | (W) (VDC) | (ADC) | (W) (%)
195 50 | 194.98 | 139.59 | 26.32 | 0.97 | 23.07 0.96 | 22.61 85.9
230 50 | 230.02 ] 116.60 | 25.69 | 0.96 | 22.99 0.94 | 22.01 85.7

265 50 | 265.07 ] 102.15]25.40|0.94 | 22.94 | 0.93 | 21.68 85.4

10.2.2 75% Load

VAC | Freq Vin In Pin PE Vour Iout Pour | Efficiency
(Verms) | (HZ) | (Vrms) | (Arms) | (W) (VDC) | (ADC) | (W) (%)
195 50 |194.98 | 0.12 | 22.03]0.97 | 23.89 0.78 | 18.64 84.6
230 50 |230.02| 0.10 |22.11]0.95| 24.00 0.78 | 18.72 84.7

265 63 | 264.07| 0.09 |22.26|0.90| 23.89 | 0.78 | 18.64 83.7

10.2.3 50% Load

VAC | Freq Vin In Pin PE Vour Iout Pour | Efficiency
(Vrms) | (HZ) | (Vrms) | (Arms) | (W) (VDC) | (ADC) | (W) (%)
195 50 |194.99| 0.08 | 14.83|0.94 | 24.04 0.52 | 12.48 84.2
230 50 |230.02| 0.07 | 14.91]0.91 | 24.02 0.52 | 12.47 83.7

265 63 | 264.08| 0.07 |15.01]0.84| 23.90 | 0.52 | 1241 82.7

10.2.4 25% Load

VAC | Freq Vin Iy Pin PF Vout Ioutr | Pour | Efficiency
(Vrms) | (HZ) | (Vrms) | (Arms) | (W) (VDC) | (ADC) | (W) (%)
195 50 | 195.00| 0.04 |7.52]0.88| 23.83 0.25 | 5.94 79.0
230 50 |230.03| 0.04 |7.67]0.82| 23.86 0.25 | 5.95 77.5

265 63 | 264.08| 0.04 |7.79]10.74| 23.88 | 0.25 | 5.95 76.4

10.3 Average Efficiency at 230 VAC

Load Percentage (%) Efficiency (%)
100 85.7
75 84.7
50 83.7
25 77.5
AVERAGE EFFICIENCY 82.9
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10.4 Current Regulation at Different Line Voltage Using a 24 V LED String
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Figure 16 — Current Regulation vs. Line using 24V LED string (Full Load).
Input Input Measurement Load Measurement
VAC Freq VIN IIN PIN PF %ATHD VOUT IOUT POUT EfﬁCiency
(Vems) | (HZ) | (Vems) | (Arms) | (W) (Voc) | (Aoc) | (W) (%)

195 50 ]194.98 | 139.59 | 26.32 1 0.97 ] 20.39 ] 23.07] 0.96 | 22.61 85.9
200 50 | 200.03 ]135.31126.15]0.97] 20.16 | 23.05] 0.96 | 22.44 85.8
220 50 ]219.92 | 125.53 | 26.48 ] 0.96 | 20.02 ] 22.96 ] 0.97 | 22.65 85.5
230 50 | 229.95]119.57 126.27]10.96| 20.02 | 22.98] 0.96 | 22.45 85.5
240 50 | 239.98 ] 117.12 | 26.81 | 0.95 19.49 ]22.96] 0.98 | 22.90 85.4
265 50 | 265.01 ] 108.80 | 27.17]10.94 ] 20.44 | 22.97] 0.99 | 23.14 85.2
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10.5 Constant Voltage / Constant Current Response at Different Line Voltage

10.5.1 Constant Voltage / Constant Current Response at 195 VAC

30

Output Voltage (V)
=
(o)

0.00 0.20 0.40 0.60 0.80 1.00 1.20 1.40

Output Current (A)
Figure 17 — CV/CC Graph at 195 VAC Input.
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10.5.2 Data
Input Voltage | Load Resistance | Measured Output Voltage | Measured Output Current
Vin (Vrms) R(Q) Vour (V) Iour (A)
195 NO LOAD 26.48 0.00
195 1026.78 26.49 0.03
195 973.79 26.49 0.03
195 919.97 26.50 0.03
195 815.35 26.50 0.03
195 786.78 26.49 0.03
195 500.43 26.49 0.05
195 404.34 26.45 0.07
195 354.13 26.38 0.07
195 303.11 25.67 0.08
195 283.37 25.22 0.09
195 273.15 24.72 0.09
195 262.73 24.33 0.09
195 215.02 24.08 0.11
195 201.47 24.05 0.12
195 151.26 24.05 0.16
195 101.05 24.05 0.24
195 90.41 24.05 0.27
195 80.43 24.05 0.30
195 70.31 24.05 0.34
195 60.42 24.05 0.40
195 50.30 24.04 0.48
195 40.26 24.04 0.60
195 35.25 24.04 0.68
195 30.20 24.03 0.80
195 28.20 24.03 0.85
195 24.02 24.02 1.00
195 23.90 23.99 1.00
195 23.39 23.39 1.00
195 22.89 22.79 1.00
195 22.34 22.19 0.99
195 21.74 21.59 0.99
195 21.13 21.00 0.99
195 20.49 20.40 1.00
195 19.85 19.80 1.00
195 19.16 19.21 1.00
195 18.44 18.60 1.01
195 18.06 18.00 1.00
195 17.61 17.40 0.99
195 16.89 16.80 0.99
195 16.16 16.20 1.00
195 15.42 15.60 1.01
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195 14.67 15.01 1.02
195 13.89 14.41 1.04
195 13.10 13.82 1.05
195 12.30 13.23 1.08
195 11.43 12.64 1.11
195 10.54 12.05 1.14
195 9.64 11.46 1.19
195 8.74 10.88 1.25
195 7.84 10.30 1.31
10.5.3 Constant Voltage / Constant Current Response at 230 VAC
30
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26 ¥ “‘1
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Output Current (A)
Figure 18 — CV/CC Graph at 230 VAC Input.
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10.5.4 Data
Input Voltage | Load Resistance | Measured Output Voltage | Measured Output Current
Vin (Vems) R(Q) Vour (V) Iour (A)
230 NO LOAD 26.47 0.00
230 1026.78 26.48 0.03
230 973.79 26.48 0.03
230 919.97 26.47 0.03
230 815.35 26.47 0.03
230 786.78 26.47 0.03
230 500.43 26.46 0.05
230 404.34 26.47 0.07
230 303.11 26.43 0.09
230 215.02 25.05 0.10
230 201.47 24.06 0.12
230 151.26 24.06 0.16
230 101.05 24.05 0.24
230 90.41 24.05 0.27
230 80.43 24.05 0.30
230 70.31 24.05 0.34
230 60.42 24.05 0.40
230 50.30 24.05 0.48
230 40.26 24.04 0.60
230 30.20 24.04 0.80
230 23.90 23.97 0.96
230 22.85 23.38 0.96
230 22.49 22.79 0.96
230 22.43 22.19 0.96
230 21.25 21.59 0.96
230 20.82 21.00 0.96
230 20.36 20.39 0.97
230 20.05 19.79 0.97
230 19.95 19.20 0.98
230 19.66 18.60 0.98
230 19.13 18.01 0.97
230 18.69 17.39 0.97
230 18.15 16.79 0.98
230 17.64 16.20 0.99
230 17.08 15.60 1.00
230 16.53 15.01 1.02
230 15.97 14.41 1.03
230 15.39 13.82 1.05
230 14.87 13.22 1.07
230 14.32 12.63 1.10
230 13.78 12.05 1.14
230 13.23 11.46 1.18
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230 12.66 10.87 1.23
230 12.12 10.29 1.30

5

Power Integrations, Inc.

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

WWW.power.com

Page 32 of 82
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10.5.5 Constant Voltage / Constant Current Response at 265 VAC

30
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Figure 19 — CV/CC Graph at 265 VAC Input.
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10.5.6 Data
Input Voltage | Load Resistance | Measured Output Voltage | Measured Output Current
Vin (Vrms) R(Q) Vour (V) Iour (A)
265 NO LOAD 26.46 0.00
265 1026.71 26.49 0.03
265 980.93 26.49 0.03
265 922.06 26.49 0.03
265 827.72 26.49 0.03
265 778.91 26.48 0.03
265 507.24 26.48 0.05
265 404.89 26.48 0.07
265 303.30 26.48 0.09
265 284.41 26.45 0.09
265 272.88 26.47 0.10
265 267.97 26.48 0.10
265 265.72 26.47 0.10
265 262.63 24.43 0.09
265 253.23 24.06 0.10
265 202.14 24.06 0.12
265 151.28 24.05 0.16
265 101.06 24.05 0.24
265 90.77 24.05 0.27
265 80.44 24.05 0.30
265 70.74 24.05 0.34
265 60.42 24.05 0.40
265 50.31 24.05 0.48
265 40.27 24.04 0.60
265 30.23 24.03 0.80
265 24.74 24.02 0.97
265 24.28 23.98 0.99
265 23.70 23.39 0.99
265 23.11 22.80 0.99
265 22.49 22.19 0.99
265 21.86 21.59 0.99
265 21.26 21.00 0.99
265 20.65 20.40 0.99
265 19.94 19.80 0.99
265 19.21 19.20 1.00
265 18.64 18.59 1.00
265 18.39 18.01 0.98
265 17.77 17.40 0.98
265 17.01 16.80 0.99
265 16.24 16.20 1.00
265 15.47 15.60 1.01
265 14.68 15.01 1.02
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265 13.89 14.41 1.04
265 13.08 13.82 1.06
265 12.28 13.22 1.08
265 11.43 12.64 1.11
265 10.55 12.05 1.14
265 9.66 11.46 1.19
265 8.75 10.88 1.24
265 7.88 10.29 1.31
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10.6 Current Regulation at Different Line Voltage and Different LED String
Voltages

1.25
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«2=230 VAC
1.20 ==265 VVAC
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LED Voltage (V)
Figure 20 — Output Current vs. LED Voltage at Different Line Condition.
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13-May-15 DER-429 18-25 W LED Driver Using LYT4325E

10.6.124 V LED
Vo) | (129 | Ve | (i) | oy | PF [ 72870 | o | ey | oy | =" oy
195 50 194.98 139.59 | 26.32 ] 0.97 20.39 23.07 | 0.96 | 22.61 85.9
230 50 229.95 119.57 | 26.27 | 0.96 20.02 2298 | 0.96 | 22.45 85.5
265 50 265.01 108.80 27.17 1 0.94 20.44 22.97 ] 0.99 | 23.14 85.2

10.6.221 V LED
Vo) | (129 | (Ve | (i) | oy | P [ 728740 | o2 | oy | oy | =" oy
195 50 194.98 127.34 | 24.03 | 0.97 18.84 20.14 | 1.00 | 20.53 85.4
230 50 230.01 107.41 23.60 | 0.96 18.82 20.08 | 0.98 | 20.11 85.2
265 50 265.07 94.13 23.26 | 0.93 20.87 20.05| 0.97 | 19.72 84.8

10.6.318 V LED
Vew) | (123 | (Vo) | i) | oy | PF [ 0870 | 2 | oy | oy | = oy
195 50 194.98 108.97 | 20.43 ] 0.96 19.64 17.21 ] 0.98 | 17.27 84.5
230 50 230.02 93.29 20.29 | 0.95 19.54 17.18 1 0.98 | 17.08 84.2
265 50 265.08 83.98 20.50 | 0.92 20.75 17.18 ] 0.98 | 17.15 83.7

10.6.414 V LED

VAC Freq Vin In Pin PF %ATHD Vour Tout Pour Effi(‘:)iency
(Vrms) | (HZ) | (Vrms) | (MAgums) | (W) (Voc) | (Aoc) | (W) (%)

195 50 ]194.99 | 100.19 | 18.71] 0.96 19.83 1442 | 1.05 | 15.57 83.2

230 | 50 |230.02] 86.40 |1869 094 1941 [14.40| 105 [1547] 828

265 50 |265.08 | 79.35 19.2910.92 | 19.61 14411 1.08 | 15.85 82.2
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10.7 Output Voltage Regulation Under Different Load and Line Conditions
26.0

=+=195 VAC
255 = =2=230 VAC
==265 VAC

25.0 =

Output Voltage (V)
N N N N N
N w w N N
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21.0 r r ' r r T '
25 50 75 100
Percent Load (%)

Figure 21 — Graph of Output Voltage vs. Load (25%, 50%, 75%, 100%) at
Different Line Condition (195 VAC, 230 VAC, 265 VAC).
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13-May-15 DER-429 18-25 W LED Driver Using LYT4325E

10.7.1 Output Voltage Regulation at 100% Load

Input Input Measurement Output Measurement
VAC Freq VIN IIN P[N PF VOUT
(Vrms) | (HZ) | (Vrms) | (Arms) | (W) (Voo)
195 50 ]194.97 | 0.15 | 28.04 | 0.97 24.03
230 50 |]230.01] 0.13 | 27.65] 0.96 23.42
265 50 ]265.08] 0.11 | 27.27]0.94 23.61

10.7.2 Output Voltage Regulation at 75% Load

Input Input Measurement Output Measurement
VAC Freq VIN IIN PIN PF VOUT
(Vems) | (HZ) | (Vems) | (Arms) | (W) (Voc)
195 50 ]194.99] 0.11 | 21.08 | 0.96 23.99
230 50 |]230.03| 0.10 | 21.12]0.94 24.08
265 50 ]265.08] 0.09 | 21.22]0.92 23.78

10.7.3 Output Voltage Regulation at 50% Load

Input Input Measurement Output Measurement
VAC Freq VIN IIN PIN PF VOUT
(Vems) | (HZ) | (Vems) | (Arms) | (W) (Voc)
195 50 ]195.00] 0.08 | 14.18 ] 0.94 23.87
230 50 |230.03| 0.07 | 14.22]0.91 23.92
265 50 | 265.09]| 0.06 | 14.27]0.87 23.93

10.7.4 Output Voltage Regulation at 25% Load

Input Input Measurement Output Measurement
VAC Freq VIN IIN PIN PF VOUT
(Vems) | (H2) | (Vems) | (Arms) | (W) (Vo)
195 50 | 195.00| 0.04 | 7.41 | 0.88 23.93
230 50 ]230.04] 0.04 | 7.46 | 0.83 23.83
265 50 |265.09| 0.04 | 7.54 | 0.78 23.88
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10.8 No-Load Input Power Under Different Line Conditions

No-Load Input Power (mW)

525
500 +
475
450
425
400 +
375
350 +
325 L] L | L] L | L] L | L] L | L}
195 200 230 240 264
Input Voltage (V)
Figure 22 — No-Load Input Power vs. Input Voltage (195 VAC - 265 VAC).
VAC Freq VIN IIN PIN I VOUT
(Vrms) (Hz) (Vrms) (mAgwms) (mw) (mAgwms) (Vo)
195 50 195.03 4.41 364.13 0 26.46
200 50 200.08 4.45 374.12 0 26.46
230 50 230.06 4.92 431.80 0 26.47
240 50 240.09 5.01 450.67 0 26.46
264 50 264.11 4.75 492.79 0 26.47
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DER-429 18-25 W LED Driver Using LYT4325E

10.9 Power Factor

10.9.1 Power Factor vs. Input Line Voltage Using a 24 V LED String
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195 200 220 230 240 265
Input Voltage (VAC)
Figure 23 — Power Factor vs. Line.
Input Input Measurement Load Measurement

VAC Freq Vin In Pin PF %ATHD Vour Tout Pour EfﬁCiency
(Vems) | (HZ) | (Vems) | (Arms) | (W) (Voc) | (Aoc) | (W) (%)
195 50 195.0 | 139.6 | 26.3] 0.97 20.4 23.1 ] 0.96 | 22.6 85.9
200 50 200.0 | 135.3 | 26.2 | 0.97 20.2 23.15| 0.96 | 22.4 85.8
220 50 220.0 | 121.5 | 25.7 ] 0.96 19.5 23.0 | 0.94 | 22.0 85.7
230 50 230.0 | 116.6 | 25.7 | 0.96 19.4 23.0 | 0.94 | 22.0 85.7
240 50 240.0 | 111.5 | 25.5] 0.95 20.1 23.0 | 0.94 | 21.8 85.6
265 50 265.1 | 102.2 | 25.4]0.94| 21.55 22.9 ] 0.93 | 21.7 85.4
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DER-429 18-25 W LED Driver Using LYT4325E

13-May-15
10.9.2 Power Factor Under Different Line and Load Conditions
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Figure 24 — Power Factor vs. Load (25%, 50%, 75%, 100% Load) at
Different Line Conditions (195 VAC, 230 VAC, 265 VAC).
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10.9.2.1 PF at 100% Load and Different Line Conditions

Input Load Measurement
VAC | Freq| Vour Iour | Pour PF
(Vrms) | (HZ) | (Vrms) | (Arms) | (W)
195 50 195.0 0.15 | 28.0 ] 0.97
230 50 230.0 0.13 | 27.7 ] 0.96
264 50 265.1 0.11 ] 27.3]0.94

10.9.2.2 PF at 75% Load and Different Line Conditions

Input Load Measurement
VAC | Freq | Vour Iour | Pour | pE
(Vems) | (HZ) | (Vrms) | (Arms) | (W)
195 50 195.0 0.11 21.1 1 0.96
230 50 230.0 0.10 | 21.1 ] 0.94
264 50 265.1 0.09 ]21.2]0.92

10.9.2.3 PF at 50% Load and Different Line Conditions

Input Load Measurement
VAC | Freq| VAC | Freq| VAC | Freq
(Vrms) | (HZ) | (Vrms) | (HZ) | (Vrms) | (HZ)
195 50 195.0 | 0.08 | 14.2 | 0.94
230 50 230.0 | 0.07 | 14.2 | 0.91
264 50 265.1 1 0.06 | 14.3 | 0.87

10.9.2.4 PF at 25% Load and Different Line Conditions

Input Load Measurement
VAC |Freq| VAC | Freq| VAC | Freq
(Vems) | (HZ) | (Vrms) | (HZ) | (Vrms) | (HZ)
195 50 195.0 | 0.04 7.4 0.88
230 50 230.0 | 0.04 7.5 0.83
264 50 265.1 | 0.04 7.5 0.78
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10.10% ATHD

10.10.1 % ATHD Under Different Line Conditions and 100% Load, Using E-Load

24
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S
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<
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Input Voltage (VAC)
Figure 25 — % A-THD vs. Line.
Input Input Measurement
VAC Freq Vin In Pin
PF | %ATHD
(Vaws) | (Hz) | (Vews) | (Arws) | (W) i
195 50 195.0 0.15 28.0 | 0.97 18.3
200 50 200.0 0.14 28.0 | 0.97 18.2
220 50 220.0 0.13 27.8 | 0.96 18.1
230 50 230.0 0.13 27.7 | 0.96 18.1
265 50 265.1 0.11 27.3 | 0.94 20.9
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10.10.2 % ATHD Under Different Line Conditions and Different LED String Voltages
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Figure 26 — % A-THD vs. VLED (14 V, 18V, 21V, 24 V) at
Different Line Condition (195 VAC, 230 VAC, 265 VAC).
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10.10.2.1

10.10.2.2

10.10.2.3

10.10.2.4

24 V LED STRING

Input Input Measurement
VAC | Freq Vin Iin Pin
PF | %ATHD
(Vews) | (H2) | (Vaws) | (mAgus) | (W) i
195 50 195.0 139.6 | 26.3]0.97 20.4
230 50 230.0 119.6 | 26.3] 0.96 20.0
265 50 265.0 108.8 | 27.2] 0.94 20.4
21 V LED STRING
Input Input Measurement
VAC Freq Vin In PN
PF | %ATHD
(Vews) | (H2) | (Vaws) | (mAgus) | (W) i
195 50 195.0 127.3 | 24.0] 0.97 18.8
230 50 230.0 107.4 | 23.6 ] 0.96 18.8
265 50 265.1 94.1 23.3]0.93 20.9
18 V LED STRING
Input Input Measurement
VAC | Freq Vin Iin Pin
PF | %ATHD
(Vews) | (H2) | (Veus) | (mAgus) | (W) >
195 50 195.0 109.0 | 20.4] 0.96 19.6
230 50 230.0 93.3 20.3 ] 0.95 19.5
265 50 265.1 84.0 20.5] 0.92 20.8
14 V LED STRING
Input Input Measurement
VAC Freq Vin In Pin
PF | %ATHD
(Vems) | (H2) | (Vaus) | (mAgus) | (W) i
195 50 195.0 100.2 18.7 | 0.96 19.8
230 50 230.0 86.4 18.7 1 0.94 19.4
265 50 265.1 79.4 19.3 1 0.92 19.6
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10.11 Input Current Harmonics for Different Line Conditions Using 24 V LED
Load

10.11.1 Input Current Harmonics at 195 VAC Using a 24 V LED String
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Figure 27 — 24 V LED Input Current Harmonics at 195 VAC.
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10.11.2 Input Current Harmonics at 230 VAC Using a 24 V LED String
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Figure 28 — 24 V LED Input Current Harmonics at 230 VAC.
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10.11.3 Input Current Harmonics at 240 VAC Using a 24 V LED String
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Figure 29 — 24 V LED Input Current Harmonics at 240 VAC.
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10.11.4 Input Current Harmonics at 265 VAC Using a 24 V LED String
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Figure 30 — 24 V LED Input Current Harmonics at 265 VAC.
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10.12 Test Data

All measurements were taken with the board in open frame, 25 °C ambient, 50 Hz line
frequency.

10.12.1 24 V LED Load Harmonics at 195 VAC

mA %
Or:':l:r Cortl:ant Co;fent Ll HLefiz ) siees
<25W | >25 W

3 24.27 17.82% 89.34 | 29.02% Pass

5 11.63 8.54% 49.92 10.00% Pass

7 6.06 4.45% 26.28 7.00% Pass

9 4.45 3.27% 13.14 5.00% Pass
11 2.40 1.76% 9.20 3.00% Pass
13 2.34 1.72% 7.78 3.00% Pass
15 1.27 0.93% 6.74 3.00% Pass
17 1.57 1.15% 5.95 3.00% Pass
19 0.84 0.62% 5.32 3.00% Pass
21 1.30 0.95% 4.82 3.00% Pass
23 0.76 0.56% 4.40 3.00% Pass
25 1.09 0.80% 4.05 3.00% Pass
27 0.68 0.50% 3.75 3.00% Pass
29 0.94 0.69% 3.49 3.00% Pass
31 0.63 0.46% 3.26 3.00% Pass
33 0.83 0.61% 3.07 3.00% Pass
35 0.56 0.41% 2.89 3.00% Pass
37 0.72 0.53% 2.73 3.00% Pass
39 0.53 0.39% 2.59 3.00% Pass
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10.12.2

24 V LED Load Harmonics at 230 VAC

mA %
Ol:flher Col::tlt\ant Cor(:/toent Ll ks | ez iEhe
<25W | >25 W

3 18.82 16.78% 85.78 | 28.70% Pass

5 9.31 8.30% 47.94 | 10.00% Pass

7 5.15 4.59% 25.23 7.00% Pass
9 4.66 4.15% 12.62 5.00% Pass
11 2.73 2.43% 8.83 3.00% Pass
13 2.73 2.43% 7.47 3.00% Pass
15 1.57 1.40% 6.48 3.00% Pass
17 1.94 1.73% 5.71 3.00% Pass
19 1.14 1.02% 5.11 3.00% Pass
21 1.51 1.35% 4.63 3.00% Pass
23 0.82 0.73% 4.22 3.00% Pass
25 1.20 1.07% 3.89 3.00% Pass
27 0.71 0.63% 3.60 3.00% Pass
29 1.00 0.89% 3.35 3.00% Pass
31 0.57 0.51% 3.13 3.00% Pass
33 0.78 0.70% 2.94 3.00% Pass
35 0.48 0.43% 2.78 3.00% Pass
37 0.67 0.60% 2.63 3.00% Pass
39 0.44 0.39% 2.49 3.00% Pass

5
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10.12.3 24 V LED Load Harmonics at 240 VAC

mA %
Ol:flher Col::tlt\ant Cor(:/toent Ll ks | ez iEhe
<25W | >25 W

3 18.38 17.26% 84.54 | 28.51% Pass

5 9.21 8.65% 47.24 | 10.00% Pass

7 4.93 4.63% 24.86 7.00% Pass

9 4.70 4.41% 12.43 5.00% Pass
11 3.00 2.82% 8.70 3.00% Pass
13 3.16 2.97% 7.36 3.00% Pass
15 1.91 1.79% 6.38 3.00% Pass
17 2.23 2.09% 5.63 3.00% Pass
19 1.32 1.24% 5.04 3.00% Pass
21 1.76 1.65% 4.56 3.00% Pass
23 1.01 0.95% 4.16 3.00% Pass
25 1.37 1.29% 3.83 3.00% Pass
27 0.78 0.73% 3.55 3.00% Pass
29 1.08 1.01% 3.30 3.00% Pass
31 0.62 0.58% 3.09 3.00% Pass
33 0.82 0.77% 2.90 3.00% Pass
35 0.55 0.52% 2.74 3.00% Pass
37 0.68 0.64% 2.59 3.00% Pass
39 0.52 0.49% 2.45 3.00% Pass
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10.12.4

24 V LED Load Harmonics at 265 VAC

mA %
Ol:flher Col::tlt\ant Cor(:/toent Ll ks | ez iEhe
<25W | >25 W

3 16.61 17.05% 84.31 | 28.07% Pass
5 9.30 9.55% 47.12 | 10.00% Pass
7 5.41 5.55% 24.80 7.00% Pass
9 5.35 5.49% 12.40 5.00% Pass
11 3.48 3.57% 8.68 3.00% Pass
13 3.74 3.84% 7.34 3.00% Pass
15 2.33 2.39% 6.36 3.00% Pass
17 2.68 2.75% 5.62 3.00% Pass
19 1.59 1.63% 5.02 3.00% Pass
21 1.92 1.97% 4.55 3.00% Pass
23 1.08 1.11% 4.15 3.00% Pass
25 1.44 1.48% 3.82 3.00% Pass
27 0.81 0.83% 3.54 3.00% Pass
29 1.12 1.15% 3.29 3.00% Pass
31 0.71 0.73% 3.08 3.00% Pass
33 0.95 0.98% 2.89 3.00% Pass
35 0.65 0.67% 2.73 3.00% Pass
37 0.80 0.82% 2.58 3.00% Pass
39 0.59 0.61% 2.45 3.00% Pass

5
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11 Thermal Performance

Thermal measurements were made at 25 °C ambient with a 24 V LED string. Settling
time was >1 hour.

11.1 Thermal Performance at 190 VAC with a 24 V LED String

Figure 31 — 195 VAC, Full Load. Figure 32 — 195 VAC, Full Load.
Spot 1: Transformer Winding. Spot 1: Transformer Core.
Spot 2: Ambient. Spot 2: Ambient.

Spat1 71.2 °C

Spt2 32,2 JL
s

L
LS

Figure 33 — 195 VAC, Full Load. Figure 34 — 195 VAC, Full Load.
Spot 1: LYT4325E. Spot 1: Output Diode.
Spot 2: Ambient. Spot 2: Ambient.

Power Integrations ™
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11.2 Thermal Performance at 230 VAC with a 24 V LED String

Spoti~v74. 1

S3~29 4

Figure 35 — 230 VAC, Full Load. Figure 36 — 230 VAC, Full Load.
Spot 1: Transformer Winding. Spot 1: Transformer Core.
Spot 2: Ambient. Spot 2: Ambient.

Figure 37 — 230 VAC, Full Load. Figure 38 — 230 VAC, Full Load.
Spot 1: LYT4325E. Spot 1: Output Diode.
Spot 2: Ambient. Spot 2: Ambient.

_p Power Integrations, Inc.
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11.3 Thermal Performance at 265 VAC with a 24 V LED String
spt1 81,3 ©°C : $FLIR spt1 74,7 ©°C
Spot2 29.6

Figure 39 — 265 VAC, Full Load. Figure 40 — 265 VAC, Full Load.
Spot 1: Transformer Winding. Spot 1: Transformer Core.
Spot 2: Ambient. Spot 2: Ambient.

Figure 41 — 265 VAC, Full Load. Figure 42 — 265 VAC, Full Load.
Spot 1: LYT4325E. Spot 1: Output Diode.
Spot 2: Ambient. Spot 2: Ambient.
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12 Waveforms
12.1 Input Voltage and Input Current Wa Veforms

ANAY AW AR AN aY AN
yYEVAVEVRVEVEVAVEY

PEpeasure. 2"=")"RX"] FM)Measure...1=")"%")
[Rms —UisosswA  [RMs 00 i9s3aV

Diagrami: Ch2,Chd
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MY RVEVEVEVEVAVRY,

N

e

Figure 43 — 195 VAC, Full Load.
Upper: Iy, 500 mA / div.
Lower: Vi, 400 V / div., 20 ms / div.
Measured Ipy: 150.55 mA.
Measured Viy: 195.32 V.
v

’\f\f\f\ N N
L/k//\\./\/f\k/\/

Figure 45 — 240 \ VAC, Full Load.
Upper: Iy, 500 mA / div.
Lower: Vi, 400 V / div., 20 ms / div.
Measured Ipy: 123.57 mA.
Measured Viy: 239.99 V.

Figure 44 — 230 VAC, Full Load.
Upper: Iy, 500 mA / div.
Lower: Vi, 400 V / div., 20 ms / div.
Measured Ip: 129 mA.
Measured Viy: 230.19 V.
H v

\/’\\/"\\/’\J’\\/’\’\’\J

I\
i\
\/

Figure 46 — 265 VAC, Full Load.
Upper: Iy, 500 mA / div.
Lower: Vi, 400 V / div., 20 ms / div.
Measured Iyy: 111 mA.
Measured Viy: 265.67 V.

Power Integrations, Inc.
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12.2 Output Current and Output Voltage at Normal Operation

| oaons: oz | M

YAVAVAVAVAVAVAVAN

i

Figure 47 — 195 VAC, Full Load.
Upper: Iy, 400 mA / div.
Lower: Vi, 4 V / div., 10 ms / div.
Measured Ioyr: 1.03 A.
Measured Vour: 23.92 V.
v

— NCr——

VAVAVAVAVAVAVAVA

Figure 48 — 230 VAC, 50 Hz Full Load.
Upper: Iy, 400 mA / div.
Lower: Vi, 4V / div., 10 ms / div.
Measured Ioyr: 1.03 A.
Measured Vour: 23.89 V.

\VaVaAVaVAVAVaVaVa

Figure 49 — 240 VAC, 50 Hz Full Load.
Upper: Iy, 400 mA / div.
Lower: Vi, 4 V / div., 10 ms/ div.
Measured Igyr: 1 A.
Measured Vour: 23.85 V.

Figure 50 — 265 VAC, 50 Hz Full Load.

Upper: Iy, 400 mA / div.

Lower: Vi, 4V / div., 10 ms / div.
Measured Ioyr: 1 A.

Measured Vour: 23.78 V.
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12.3 Output Voltage and Output Current Start-Up Characteristic

A A
nmrt.*;"";":"m*rf i pyrf,'la' f'HH..H.mﬂrfmm R
& " -
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| R AR
p—— ! ﬁ"! PEpeasure.. Hm = Measu m iy \

Figure 51 — 195 VAC Output Rise at Full Load.
Upper: Ioyr, 400 mA / div.
Lower: Vour, 4 V / div., 100 ms / div.
Measured Rise Time: 250 ms.

Flgure 52 230 VAC Output Rlse at FuII Load
Upper: Ioyr, 400 mA / div.
Lower: Vour, 4 V / div., 100 ms / div.
Measured Rise Time: 250 ms.
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Figure 53 — 240 VAC Output Rise at Full Load.
Upper: Ioyr, 400 mA / div.
Lower: Vour, 4 V / div., 100 ms / div.
Measured Rise Time: 250 ms.

Y

Figure 54 — 265 VAC Output Rise at Full Load.
Upper: Ioyr, 400 mA / div.
Lower: Vour, 4 V / div., 100 ms / div.
Measured Rise Time: 250 ms.
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12.4 Drain Voltage and Current at Normal Operation

b 4

Figure 55 — 195 VAC, 50 Hz.
Upper: Ipramn, 200 mA / div., 4 ms / div.
Lower: Vpram, 100 V / div., 4 ms / div.
Measured Vp¢ at Normal Operation:
509.88 V.
Measured Ipx at Normal Operation:
966 MAp.

Figure 56 — 195 VAC, 50 Hz (Zoomed Version).
Upper: Ipram, 200 MA / div., 4 us / div.
Lower: Vpramw, 100V / div., 4 ps / div.
Measured Vp¢ at Normal Operation:
519 V.

Measured I at Normal Operation:
966 mApk.

M@m PE)Measure. . 12"

Figure 57 — 230 VAC, 50 Hz.

Upper: Ipramn, 200 mA / div., 4 ms / div.

Lower: Vpram, 100 V / div., 4 ms / div.
Measured Vp¢ at Normal Operation:
554.84 V.

Measured Ipx at Normal Operation:
991 mApK.

[P Measure. . 2F="|FR"] FMeasure.  1M=")RY)

IEiguré 58 — 230 VAC, 50 Hz (zodmed vérsion)'.

Upper: Ipram, 200 mA / div., 4 ms / div.
Lower: Vpram, 100 V / div., 4 ms / div.
Measured Vp¢ at Normal Operation:
562.49 V.

Measured Ipx at Normal Operation:

982 mApK.
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S czsure: o= (Reasiie. | 107

Figure 59 — 240 VAC, 50 Hz.
Upper: Ipramn, 200 mA / div., 4 ms / div
Lower: Vpray, 100 V / div., 4 ms / div.
Measured Vp¢ at Normal Operation:
567.73 Vpx.
Measured I at Normal Operation:
995 mApk.

= Lot | PR PO

yeasure.. o)) EYVeasure. . 1))

Figure 60 — 240 VAC, 50 Hz (Zoomed Version).
Upper: Ipran, 200 mA / div., 4 ms / div
Lower: Vpram, 100 V / div., 4 ms / div.
Measured Vpg at Normal Operation:
574.35 V.
Measured I at Normal Operation:
974 mApk.

Peasure. 2"=")P") MEMeasure... 1°7)F%)

Figure 61 — 265 VAC, 50 Hz.

Upper: Ipram, 200 mA / div., 4 ms / div.

Lower: Vpray, 100 V / div., 4 ms / div.
Measured Vp¢ at Normal Operation:
604 Vp.

Measured Ipx at Normal Operation:
997 mApk.

Upper: Ipramn, 200 mA / div., 4 ms / div.
Lower: Vpram, 100 V / div., 4 ms / div.
Measured Vpg at Normal Operation:

602 Vp.

Measured Ik at Normal Operation:

1 Ap.

Tel: +1 408 414 9200 Fax: +1 408 414 9201
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12.5 Output Diode Voltage Stress

. et

PMeasure.. 1M"=")R") MEFMeasure. 2=
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Figure 63 — 195 VAC, 50 Hz.
VDIODEI 40V / diV, 2 lJ.S/ div.
Measured Diode Vpg: 140.46 Vi.

Figure 65 — 240 VAC, 50 Hz.
VDIODE/ 40V / diV, 2 LlS/ div.
Measured Diode Vpg: 151.53 V.

Figure 64 — 230 VAC, 50 Hz.
VDIODEI 40V / diV, 2 lJ.S/ div.
Measured Diode Vpg: 153.11 Vi

| | |
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‘ % MMeasure.. 1= ") usu...m

Figure 66 — 265 VAC, 50 Hz.
VDIODE/ 40V / diV, 2 LlS/ div.
Measured Diode Vpg: 157.85 V.
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12.6 Drain Voltage and Current during Start-Up

DF‘W““"W“”W% - "“'WMN 55“‘“&“‘1?*"?‘““ s 1B e B B B

Figure 67 — 190 VAC, 50 Hz. Figure 68 — 230 VAC, 50 Hz.

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

Upper: Ipram, 200 mA / div. (Zoomed Upper: Ipram, 200 mA / div. (Zoomed
Version) Version)

Lower: Vpram, 100V, 40 ms / div. Lower: Vpram, 100V, 40 ms / div.
Lower: Vpram, 100V, 40 ms / div. Lower: Vpram, 100V, 40 ms / div.
(Zoomed Version) (Zoomed Version)

WWHHMH EemuEE = EmEEal

Flgure 69 240 VAC 50 Hz Flgure 70 265 VAC 50 Hz
Upper: Ipram, 200 mA / div. Upper: Ipran, 200 mA / div.
Upper: Ipram, 200 mA / div. (Zoomed Upper: Ipran, 200 mA / div. (Zoomed
Version) Version)
Lower: Vpram, 100V, 40 ms / div. Lower: Vpramy, 100V, 40 ms / div.
Lower: Vpram, 100V, 40 ms / div. Lower: Vpray, 100V, 40 ms / div.
(Zoomed Version) (Zoomed Version)

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

_p“‘ Power Integrations, Inc.
WWW.power.com Page 64 of 82



13-May-15

DER-429 18-25 W LED Driver Using LYT4325E

12.7Drain Current and Drain Voltage During Output Short Condition (SOA

Mode)

hd

[PMeasure.. 2F=")%") FRMeasure.. 1270

Figure 71 — 195 VAC, 50 Hz Output Short Condition.
Upper: IDRAIN/ 200 mA / div.
Lower: Vpram, 100V, 10 ms / div.
Measured Vpg at Short-Circuit Condition:

434.19 Vpx.

Measured Iy at Short-Circuit Condition:

1.27 Ap.

h

Figure 72 — 230 VAC, 50 Hz Output Short Condition.

Upper: IDRAIN/ 200 mA / div.

Lower: Vpram, 100V, 10 ms / div.
Measured Vpg at Short-Circuit Condition:
516.99 V.

Measured Iy at Short-Circuit Condition:
1.28 Ap.

hu

v

PMeasure. 2=")p) M Measure.. 17577
[ s0seA [

Flgure 73 — 240 VAC, 50 Hz Output Short Condition.

Upper: Ipramn, 200 mA / div.

Lower: VDRAIN/ 100 V, 10 mS/ div.
Measured Vpi at Short-Circuit Condition:

526 Vpx.

Measured Ip¢ at Short-Circuit Condition:

1.30 Ap.

Figure 74 — 265 VAC, 50 Hz Output Short Condition.
Upper: IDRAINI 200 mA / div.

Lower: VDRAIN/ 100 V, 10 mS/ div.
Measured Vpg at Short-Circuit Condition:
526.83 Vpx.

Measured Ip¢ at Short-Circuit Condition:
1.36 Ap.
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12.8 Short-Circuit Input Power at Different Line Conditions (SOA Mode)

LINE VOLTAGE (VAC) | MEASURED INPUT POWER AT SHORT CIRCUIT CONDITION (W)
190 4.21
230 4.38
265 4.45

12.9 PCB and Critical Component Temperature in Short-Circuit Condition (SOA

Mode)
LINE VOLTAGE (VAC) | COMPONENT | TEMPERATURE READING (°C)

PCB Bottom Side 65.9

190 PCB Top Side 61.6

QOutput Diode 82.6

PCB Bottom Side 75.8

265 PCB Top Side 65.8

Output Diode 86.7

Test Conditions:
1. Unit was tested in an enclosed environment to prevent any airflow.
2. 1 hour soak time prior to taking temperature readings.
3. Ambient Temperature was 30 °C

W Power Integrations, Inc.
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12.100pen Load Characteristic

SRERE

measure 2= =) measure Hm

Figure 75 — 195 VAC, 50 Hz Running Open Load.

Middle: IDRAIN, 100 mA/ diV., 4 mS/ div.

Lower: Vpram, 100 V / div., 4 ms / div.
Measured Vp¢ at Open Load Condition:

431.16 V.
Measured I at Open Load Condition:
399 mMARpk.

v

h 4

- M easure. . 1=
easure ST EESSeasLr

Figure 77 — 240 VAC, 50 Hz Running Open Load.

Middle: IDRAIN, 100 mA/ diV., 4 mS/ div.

Lower: Vpram, 100 V / div., 4 ms / div.
Measured Vp¢ at Open Load Condition:
504.98 Vp.

Measured I at Open Load Condition:
532 mApK.

Peasure, 2P"="|e] FEMeasure... 1) =R")

Figure 76 — 230 VAC, 50 Hz Running Open Load.
Middle: IDRAIN, 100 mA/ diV., 4 mS/ div.
Lower: Vpram, 100 V / div., 4 ms / div.
Measured Vp¢ at Open Load Condition:

489 Vpy.
Measured Ir¢ at Open Load Condition:
503 MARpk.
v
==
v
po — —]—

easu re. 2/™=")p) MEMMeasure.. 1=

Figure 78 — 265 VAC, 50 Hz Running Open Load.
Middle: IDRAIN, 100 mA/ diV., 4 mS/ div.
Lower: Vpram, 100 V / div., 4 ms / div.
Measured Vp¢ at Open Load Condition:
532.36 Vp.
Measured I at Open Load Condition:
546 mApK.
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12.110utput No-Load Characteristic

v

E
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Figure 79 — 195 VAC, 50 Hz Running No-Load.
Vour at No-Load, 4 V / div., 5 ms / div.
Measured Vourpriy at No-Load: 27.13 V.

v

Figure 80 — 230 VAC, 50 Hz Running No-Load.
Vour at No-Load, 4 V / div., 5 ms / div.
Measured Vourpriy at No-Load: 27.27 V.

L
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Figure 81 — 240 VAC, 50 Hz Running No-Load.
Vour at No-Load, 4 V / div., 5 ms / div.
Measured Vourpcy at No-Load: 27.41 V.

Figure 82 — 265 VAC, 50 Hz Running No-Load.

Vour at No-Load, 4 V / div., 5 ms/ div.
Measured Vourpky at No-Load: 27.42 V.

Power Integrations, Inc.
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12.12O0utput Voltage Ripple Using a 24 V LED String

Figure 83 — 195 VAC, 50 Hz. Figure 84 — 230 VAC, 50 Hz.
VOUTRIPPLEI 4 V/ diV., 5 mS/ div. VOUTRIPPLEI 4V / diV., 5 mS/ div.
Measured Vour Ripple: 2.93 Vp.pk. Measured Voyr Ripple: 2.88 Vpy.pk.
Y ] :

Figure 85 — 240 VAC, 50 Hz. Figure 86 — 265 VAC, 50 Hz.
VOUTRIPPLE/ 4 V/ diV., 5 mS/ div. VOUTRIPPLE/ 4 V/ diV., 5 mS/ div.
Measured Vour Ripple: 2.87 Vpk.pk. Measured Vour Ripple: 2.83 Vpy.pk.

Power Integrations ™
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13 Conducted EMI

13.1 Test Set-up

Equipment and load used:

1. Rhode and Schwarz ENV216 two line V-network

2. Rhode and Schwarz ESRP EMI test receiver

3. Hioki 3322 power hi tester

4, CHROMA measurement test fixture

5. 24V LED string load with input voltage set at 230 VAC.

Figure 87 — Conducted EMI Test Set-up.

W " Power Integrations, Inc.
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13.2 230 VAC Test Result
Level dBuV Frequency 24.0170000 MHz

Quasipeak 45.47 T , , L ,
Scan O1Pk Max@2Av Maxr -

ENS5015Q ;D1 100.000 dppv | 100 kHz : : Lo 1 1 11 MHZ : ' v 1 10 MHZ
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Figure 88 — Conducted EMI, ~24 V LED Load, 230 VAC, 60 Hz, and EN55015 B Limits.
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| Tracel: EN55015Q Trace2: ENS55022A

Trace/Detector Frequency Level dBpV DeltaLimit | ~

2 Average 1265.0000 kHz ~ 44.25 N -7.02 dB
1QuasiPeak | 24.0170MHz  45.47 N -14.53 dB

Figure 89 — Conducted EMI, Final Measurement Results.
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14 Line Surge

The unit was subjected to a £2500 V, 100 kHz ring wave and £1000 V differential surge
using 10 strikes for each condition. A test failure was defined as a non-recoverable
interruption of output requiring repair or recycling of input voltage.

Surge g Injection HEET Test Result
Level (V) el Location Az (Pass/Fail)
(VAC) ®)
+1000 230 LtoN 0 Pass
-1000 230 LtoN 0 Pass
+1000 230 LtoN 90 Pass
-1000 230 LtoN 90 Pass
+1000 230 LtoN 270 Pass
-1000 230 LtoN 270 Pass
Surge I Injection ula e Test Result
Level (V) Vormge Location FUEETS (Pass/Fail)
(VAC) )
+2500 230 LtoN 0 Pass
-2500 230 LtoN 0 Pass
+2500 230 LtoN 90 Pass
-2500 230 LtoN 90 Pass
+2500 230 LtoN 270 Pass
-2500 230 LtoN 270 Pass

Power Integrations ™
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Z01497/21 06:34:09 seee  NoOrmal
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Figure 90 — 230 VAC, 50 Hz, +1000, 0°.
Upper: VDRAIN/ 200 V/ div.
Lower: Vpramy, 200 V / div. (Zoomed).
Measured Peak Voltage: 841.146 V.

HF Re ject Hyste

OFF -

Figure 92 — 230 VAC, 50 Hz, +1000, 90°.
Upper: VDRAIN/ 200 V/ div.
Lower: Vpramy, 200 V / div. (Zoomed).
Measured Peak Voltage: 799.479 V.

14.1 Differential Surge Test Result and Waveform

2014 0 Normal
Funmning Wi or Trigge T 20M3/5  Zrflie

—Tri

Figure 91 — 230 VAC, 50 Hz, -1000, 0°.
Upper: VDRAIN/ 200 V/ div.
Lower: Vpram, 200 V / div. (Zoomed).
Measured Peak Voltage: 782.813 V.

HF Reject Hysteresis

OFF .

Figure 93 — 230 VAC, 50 Hz, -1000, 90°.
Upper: VDRAIN/ 200 V/ div.
Lower: Vpram, 200 V / div. (Zoomed).
Measured Peak Voltage: 649.479 V.
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014.07/21 06:42:33: . sosx  MoTmal 0148721 06:39:53: v « Normal
Funn i ng 24 5 20M35 R Walting for Trigg®r ) 20HS-3 Z2madle

i = o A=

Figure 94 — 230 VAC, 50 Hz, +1000, 2700°.
Upper: Vpram, 200 V / div. Upper: Vpram, 200 V / div.
Lower: Vpram, 200 V / div. (Zoomed). Lower: Vpram, 200 V / div. (Zoomed).
Measured Peak Voltage: 866.146 Vp.

Measured Peak Voltage: 699.479 Vpy.
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14.2 Ring Wave Test Result and Waveform

014-87/21 B6:46:22:
i ing 2

wmmmm

Hax (C2) 582.81

Figure 96 — 230 VAC, 50 Hz, +2500, 0°.
Upper: VDRAINI 200 V/ div.
Lower: Vpram, 200 V / div. (Zoomed).
Measured Peak Voltage: 582.813 Vpy.

20140721 96:51:08=1
Hunn i ng .

Figure 98 — 230 VAC, 50 Hz, +2500, 900°.
Upper: VDRAINI 200 V/ div.
Lower: Vpramy, 200 V / div. (Zoomed).
Measured Peak Voltage: 666.146 Vpy.

014-07-21 06:47:430
imning Walting for Trigger

Figure 97 — 230 VAC, 50 Hz, -2500 0o,
Upper: Vpram, 200 V / div.
Lower: Vpram, 200 V / div. (Zoomed).
Measured Peak Voltage: 582.813 Vpy.
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Figure 99 — 230 VAC, 50 Hz, -2500, 90°.
Upper: VDRAINI 200 V/ div.
Lower: Vpramy, 200 V / div. (Zoomed).
Measured Peak Voltage: 624.479 Vpy.
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201407421 06:57:30: T seox NOrmal

1787 /21 5 142 J seox  Normal | - :
11 q 20M5,3  2nadlie

Rurming Waiting for Trigger bi] 20M5/5  Znadlie Funn i ng
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Figure 100 — 230 VAC, 50 Hz, +2500, 270°. Figure 101 — 230 VAC, 50 Hz, -2500, 2700°.
Upper: Vpram, 200 V / div. Upper: Vpram, 200 V / div.
Lower: Vpram, 200 V / div. (Zoomed). Lower: Vpram, 200 V / div. (Zoomed).
Measured Peak Voltage: 607.813 Vpy. Measured Peak Voltage: 666.146 Vpy.
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14.3 Additional Surge Testing (At Different Peak Detect Capacitor Value, C3)

When compensating the current needed for the V pin of LYTSwitch-4 (Ul) by adjusting
pull down resistor R28 the no-load input power, constant current (CC) regulation, and
overall efficiency must be taken into consideration. A high pull down resistor value will
result in a lower peak voltage detection and a low pull down resistor will result in a
higher peak voltage detection but better CC regulation. If a lower pull down resistor is
desired, peak voltage detection capacitor C3 must be adjusted accordingly. Below are the
results for different capacitance value.

14.3.1 Using 10 puF Peak Detect Capacitor Value

Edgo
Normal
0.624kV
Y1 628 . 000V
4 —_— 0L OO0 :
4y 628 . 000V CURSOR
Type Trace [§ Cursori |
2 1.@ediv
Hor fzontal o [ Cursorz
| =300 Iv |

Figure 102 — Measured Peak Voltage:

|
828 Vpx.

Test Condition:

Phase Angle = 90° (Worst Case Condition)
Input Voltage = 230 VAC

Surge Voltage = £1000 V
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14.3.2 Using 15 pF Peak Detect Capacitor Value

Normal
0.6249k0

CQURSOR

Type

Hor izontal oz
Figure 103 — Measured Peak Voltage: 788 Vp.

Test Condition:

Phase Angle = 90° (Worst Case Condition)
Input Voltage = 230 VAC

Surge Voltage = £1000 V
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14.3.3 Using 22 pF Peak Detect Capacitor Value

— P T Deeco M eemwma l geees
Normal

0.624kV
Y1 748 0000

—s - 8, 00000U. -
4y 2480000 CURSOR
Type | Trace [{g Cursori

o.fod 10

HoFlZontAl | OR | Cursor2

Figure 104 — M'éasured Peak Voltage: 748 V.

Test Condition:

Phase Angle = 90° (Worst Case Condition)
Input Voltage = 230 VAC

Surge Voltage = £1000 V

14.4 Test Summary
MEASURED PEAK
TEST CONDITION VOLTAGE
90° phase angle, 230 VAC, £1000 V, 10 yF peak detect capacitance 828 Vp
90° phase angle, 230 VAC, £1000 V, 15 uyF peak detect capacitance 788 Vp
9009 phase angle, 230 VAC, £1000 V, 22 uF peak detect capacitance 748 Vp
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15 Revision History

Date Author | Revision | Description and Changes | Reviewed
13-May-15 | JIMQC 1.0 Initial Release Apps & Mktg
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	Therefore, all testing should be performed using an isolation transformer to provide the AC input to the prototype board.

