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1 Introduction

The document describes a non-isolated high power factor (PF) LED driver designed to
drive a nominal LED string voltage of 54 V at 750 mA from an input voltage range of 90
VAC to 300 VAC. The LED driver utilizes the LNK419EG from the LinkSwitch-PH family
of ICs.

The topology is a single-stage non-isolated buck converter that meets the high efficiency
requirements for this design. Good line and load output current regulation is achieved by
directly sensing the output current and using shunt regulator for closed-loop feedback
control.

High power factor and low THD is achieved by employing the LinkSwitch-PH IC which
also provides a sophisticated range of protection features including auto-restart to
prevent damage in the event of open control loop or during output short-circuit. Line
overvoltage protection provides extended line fault and surge withstand. Output
overvoltage protects the supply should the load be disconnected. Accurate hysteretic
thermal shutdown ensures safe PCB temperatures under all conditions.

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

Figure 1 — Populated Circuit Board.

Power Integrations, Inc.
Tel: +1 408 414 9200 Fax: +1 408 414 9201
www.powerint.com Page 4 of 51



22-Aug-12 DER-340 40.5 W LED Driver Using LNK419EG

Figure 3 — 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 90 |115/230| 300 VAC 2 Wire —no P.E.
Frequency fune 60/50 Hz
Output
Output Voltage Vour 54 \Y
Output Current lout 712 750 787 MA | Vour =54V, Viy = 230 VAC, 25°C
Total Output Power
Continuous Output Power Pour 40.5 w
Efficiency
Full Load n 85 88 % Vour =54V, Viy = 230 VAC, 25°C
Environmental
Conducted EMI CISPR 15B / EN55015B
Safety Non-Isolated
Ring Wave (100 kHz)

Differential Mode (L1-L2) 25 kV

Common mode (L1/L2-PE)
Differential Surge 1 kV

Measured at V, o

Power Factor 0.9 and 230 V‘X’CT;‘TYSF’()J Hp
Harmonic Currents EN 61000-3-2 Class C
Ambient Temperature Tams | 50 | | °C Free convection, sea level

Power Integrations, Inc.
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3 Schematic
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Figure 4 — Schematic.

Note: J1 is used as an option to make the board configurable for buck or buck-boost
topology. For buck configuration, pin 1 of J1 is shorted to pin 2 of J1. For buck-boost
configuration, pin 2 of J1 is shorted to pin 3 of J1.

Capacitor C11 is not mounted on the board for this buck design. It is a differential filter
option for a buck-boost configuration where differential currents are typically higher.
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4 Circuit Description

The LinkSwitch-PH device is a controller with an integrated 725 V power MOSFET for
use in LED driver applications. This LinkSwitch-PH circuit used here is configured as a
single-stage continuous conduction mode (CCM) buck topology and provides a regulated
constant current output while maintaining high power factor from the AC input.

4.1 Input Filtering

Fuse F1 provides protection from component failure and RV1 provides a clamp to limit
the maximum voltage during differential line surge events. A 320 VAC rated part was
selected, being slightly above the maximum specified operating voltage of 300 VAC.
Diode bridge BR1 rectifies the AC line voltage with capacitor C2 providing a low
impedance path (decoupling) for the primary switching current. A low value of
capacitance (sum of C11 and C2) is necessary to maintain a power factor of greater than
0.9.

EMI filtering is provided by inductors L1 and L2, and capacitors C2 and C11. Resistor R1
and R2 across L1 and L2 damp any LC resonances due to an interaction between filter
components and the AC line impedance which might occur, increasing conducted EMI
levels.

4.2 Power Circuit and LinkSwitch-PH External Components

The topology chosen in this design is a low-side buck configured to provide unity power
factor and constant current output for a wide input voltage range of 90 VAC to 300 VAC.
The buck converter offers the advantage of reduced magnetic component size and
reduced voltage and current stress on the semiconductors (compared to buck-boost or
flyback). It also offers an advantage for meeting surge requirements since the voltage
stress of the main switch (U1) and freewheeling diode (D2) is clamped to the peak of the
input voltage. The low-side configuration greatly simplifying EMI filtering.

Transformer T1 is the main inductor of the buck converter. The inductance is chosen to
keep the operation in CCM in order to reduced RMS currents and at the same time meet
Class C harmonic limits. A bias winding coupled to the main winding is used to provide
supply to U1 thru the BYPASS (BP) pin for improved efficiency. The bias winding flyback
voltage is rectified by D5 and fed to capacitor C7. A bleed resistor R22 is necessary to
discharge C7 during an output short condition. This bias voltage is then fed to BP pin thru
diode D4 and resistor R7. Resistor R7 limits the current into the BP pin of U1 and diode
D4 prevents internal supply current from charging C7 during start-up.

Diode D2 conducts every time U1 is off and transfers the energy stored in T1 to the load.
Diode D2 is an ultra-fast recovery diode that eliminates/minimizes reverse recovery
current for improved efficiency and EMI performance. The reverse recovery current from
slow diodes increases dissipation on the main switch U1 and causes EMI related
problems especially at high input voltage and CCM operation. Care should be taken
selecting this diode.

Power Integrations, Inc.
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Diode D3 is necessary to prevent reverse current from flowing through U1 while the
voltage across C2 (rectified input AC) falls below the output voltage.

To provide peak line voltage information to U1, the incoming rectified AC peak charges
C3 via D1. The rectified peak voltage is then fed into the VOLTAGE MONITOR (V) pin of
U1 as a current via R3 and R4. Resistor R5 is used to adjust line undervoltage and
overvoltage protection set points. The combination of R3, R4, and R5 centers the
operating input voltage range from 71 VAC to 324 VAC typical.

The line overvoltage shutdown function, sensed via the V pin current, increases the
rectified line voltage withstand (during surges and line swells) to the 725 BVpss rating of
the internal power MOSFET.

Capacitor C4 provides local decoupling for the BP pin of U1 which is the supply pin for
the internal controller. During start-up, C4 is charged to ~6 V from an internal high-
voltage current source connected to the D pin of U1. Once charged, U1 starts switching
at which point the operating supply current is provided from the bias supply via R7. Diode
D4 isolates the BP pin from the bias capacitance C7 to prevent the start-up time
increasing due to charging of both C7 and C4. Capacitor C4 also selects the power mode
of U1, 100 uF selecting full power mode.

The REFERENCE (R) pin of U1 is tied to ground (SOURCE) via resistor R6. A 24.9 kQ
value is used for non-dimming, universal input designs.

4.3 Closed Loop Feedback

A current sense resistor (R17 parallel with R18) and a shunt regulator U2 is employed to
enable tight output current regulation for this design. Output current sensed by R17 and
R18 is filtered by R13 and C8, with values chosen to filter the line ripple present on the
output current. This voltage is then compared with the internal reference of U2 to provide
a regulated output current of 750 mA. Capacitor C12 and resistor R14 provide feedback
compensation for the shunt regulator U2.

If the average output current is less than the desired value, U2 cathode voltage increases
with reference to its anode, which in turn increases the voltage across resistor R16. The
increased current flowing into R16 minus the base current of Q1 is fed to the FB pin of U1
to increase the power delivery (duty cycle) of the system until the average current seen
by the sense resistors is equal to the desired value. A larger output current on the other
hand results to a smaller feedback current fed to the FB pin of U1 which reduces the duty
cycle of the converter. The larger time constants of C12 and R14 were necessary to keep
the converter from responding to line frequency and maintain high power factor at the
input.

Zener diode VR3 clamps the maximum cathode voltage of U2 to 22 V. This prevents the
U2 from exceeding its maximum rated voltage and at the same time clamps the

Power Integrations
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maximum feedback current fed to the FB pin thru Q1 and D6. Resistor R15 limits the
dissipation in VR3 and also provides the path for U2 supply current and feedback current
thru R16. Resistor R16 is chosen to provide sufficient current to keep the output
regulated.

Resistor R10 and capacitor C9 was added for additional filtering of the feedback current
from transistor Q1. Resistor R8 is used to boost the feedback current (~30 uA at full load)
to speed-up start-up at low line conditions. This is required because of the slow feedback
current path from transistor Q1. Without resistor R8, the unit does not have enough duty
cycle during start-up to charge the output capacitor and will reach the end of the soft-start
period and enter auto restart condition.

THD line compensation was also added to increase margin on odd harmonics from the
Class C limit. A current proportional to the rectified line input voltage was fed to the FB
pin thru resistors R19, R20, and R21. This network also adds a dc value to the feedback
current but is compensated by the closed feedback system.

4.4 Open Load and Short-Circuit Protection

The controller annunciates both short-circuit and open-loop conditions once the FB pin
current falls below the Irgar) threshold after the soft-start period. To minimize the power
dissipation under this fault condition the shutdown/auto-restart circuit turns the power
supply on (same as the soft-start period) and off at an auto-restart duty cycle of typically
DCar for as long as the fault condition persists.

During open load condition, the rise of the output voltage is sensed thru the bias winding.
If the reflected output voltage seen on capacitor C7 exceeds the threshold voltage of
Zener diode VRZ2, transistor Q2 pulls down the FB pin to ground forcing U1 to enter auto-
restart condition.

During short circuit condition, voltage on capacitor C7 drops to almost zero forcing the
feedback current to the FB pin to reach the auto-restart condition (Irgar) < 25 pA).

Want More?

Use your smartphone to get
related content on our website.
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5 PCB Layout
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Figure 5 — PCB Layout and Outline, Top Side (in/ [mm]).
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6 Bill of Materials

Item | Qty | Ref Des Description Mfg Part Number Mfg
1 1 BR1 18(2)0|%V 0.8 A, Bridge Rectifier, SMD, MBS-1, 4- B10S-G Comchip Technology
2 1 C1 Not Populated
3 1 C2 220 nF, 630 V, Film ECQ-E6224KF Panasonic
4 1 C3 1.0 uF, 450 V, Electrolytic, NHG, (8 x 11.5) ECA-2WHG010 Panasonic
5 1 C4 100 uF, 16 V, Electrolytic, Gen. Purpose, (5 x 11) EKMG160ELL101ME11D Nippon Chemi-Con
6 1 C5 3300 pF, 100 V, Electrolytic, (12.5 x 25) UVZ2A331MHD Nichicon
7 1 Cc6 100 nF 25V, Ceramic, X7R, 0603 ECJ-1VB1E104K Panasonic
8 1 C7 2.2 uF, 50 V, Ceramic, Y5V, 1206 GRM31MF51H225ZA01L Murata
9 1 C8 1 uF, 16 V, Ceramic, X5R, 0603 GRM188R61C105KA93D Murata
10 1 C9 47 nF 16 V, Ceramic, X7R, 0603 ECJ-1VB1C473K Panasonic
11 1 C10 10 nF 50 V, Ceramic, X7R, 0603 ECJ-1VB1H103K Panasonic
12 1 C11 150 nF, 305 VAC, X2 B32922A2154M Epcos
13 1 C12 1 uF, 50 V, Ceramic, X5R, 0805 08055D105KAT2A AVX
14 1 D1 (1|\(3|(|)E(|)_|\:/) 1 A, Rectifier, Glass Passivated, DO-213AA DL4007-13-F Diodes, Inc.
15 1 D2 600V, 3 A, TO-220AC QHO03TZ600 Power Integrations
16 1 D3 200V, 2 A, Ultrafast Recovery, 25 ns, SOD57 BYV27-200-TR Vishay
17 1 D4 200V, 200 mW, Diode, SOD323 BAV20WS-7-F On Semi
18 2 D5 D6 250 V, 0.2 A, Fast Switching, 50 ns, SOD-323 BAV21WS-7-F Diodes, Inc.
19 1 F1 3.15 A, 250V, Slow, RST 507-1181 Belfuse
20 2 L1L2 1.5 mH, 0.8 A, 20% RL-5480-4-1500 Renco
21 1 Q1 PNP, Small Signal BJT, 500 V, 0.15 A, SOT23 FMMT560TA Zetex
22 1 Q2 NPN, Small Signal BJT, 40V, 0.2 A, SOT-23 MMBT3904LT1G On Semi
23 2 R1R2 7.5k, 5%, 1/4 W, Thick Film, 1206 ERJ-8GEYJ752V Panasonic
24 2 R3 R4 2.00 MQ, 1%, 1/4 W, Metal Film RNF14FTD2MO00 Stackpole
25 1 R5 510 kQ, 1%, 1/16 W, Thick Film, 0603 ERJ-3EKF5103V Panasonic
26 1 R6 24.9 kQ, 1%, 1/16 W, Thick Film, 0603 ERJ-3EKF2492V Panasonic
27 1 R7 2.7 kQ, 5%, 1/4 W, Thick Film, 1206 ERJ-8GEYJ272V Panasonic
28 1 R8 560 kO, 5%, 1/8 W, Thick Film, 0805 ERJ-6GEYJ564V Panasonic
29 1 R9 20 kQ, 5%, 1/8 W, Thick Film, 0805 ERJ-6GEYJ203V Panasonic
30 2 R10 R14 | 100 kQ, 5%, 1/10 W, Thick Film, 0603 ERJ-3GEYJ104V Panasonic
31 1 R11 1 kQ, 5%, 1/8 W, Thick Film, 0805 ERJ-6GEYJ102V Panasonic
32 1 R12 27 kQ, 5%, 1/4 W, Thick Film, 1206 ERJ-8GEYJ273V Panasonic
33 1 R13 10 kQ, 5%, 1/10 W, Thick Film, 0603 ERJ-3GEYJ103V Panasonic
34 1 R15 100 kQ, 5%, 1/4 W, Thick Film, 1206 ERJ-8GEYJ104V Panasonic
35 1 R16 147 kQ, 1%, 1/16 W, Thick Film, 0603 ERJ-3EKF1473V Panasonic
36 2 R17R18 | 3.3Q, 5%, 2 W, Metal Oxide RSMF2JT3R30 Stackpole
37 1 R19 2.7 MQ, 5%, 1/4 W, Carbon Film CFR-25JB-2M7 Yageo
38 2 R20 R21 | 2.7 MQ, 5%, 1/4 W, Thick Film, 1206 ERJ-8GEYJ275V Panasonic
39 1 RV1 320V, 23 J, 10 mm, RADIAL V320LA10P LittleFuse
40 1 T Bobbin, RM8, Vertical, 12 pins RM8/12/1 Schwartzpunkt
41 1 U1 LinkSwitch-PH, eSIP LNK419EG Power Integrations
a2 | 1 u2 ;gf‘rgg_%h“”t Regulator IC, 1%, -40 10 85 C, LMV431AIMF National Semi
43 1 VR1 400V, 1500 W, SMC SMCJ400A LittleFuse
44 1 VR2 27 V, 5%, 150 mW, SSMINI-2 MAZS2700ML Panasonic
45 1 VR3 22V, 5%, 150 mW, SSMINI-2 DZ2S220MO0L Panasonic

E
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7 Inductor Specification

7.1 Electrical Diagram

1
°

163.5T — #27 AWG

7
2 °

54T —#30 AWG

12

Figure 7 — Inductor Electrical Diagram.

7.2 Electrical Specifications

Primary Inductance glzslez all other windings open, measured at 66 kHz, 1000 pH 7%
Resonant Frequency Pins 1-7, all other windings open 0.9 MHz (Min.)

7.3 Materials

Item Description
[1] Core: RM8I-3F3 or equivalent
[2] Bobbin: BRM08-9112ASQ
[3] Magnet Wire, #27 AWG, solderable double coated.
[4] Magnet Wire, #30 AWG, solderable double coated.

Power Integrations E
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7.4 Inductor Build Diagram

| Soocessseee X

54T AWG #30

NC 0000 C N
7

163.5T AWG #27

Figure 8 — Inductor Build Diagram.

7.5 Inductor Construction
For the purpose of these instructions, bobbin is oriented on winder such that pin 1 side
is on the right.

WD1 Start at pin 1. Wind 153.5 turns of item [3] as shown in Figure 2. Terminate at pin 7
WD2 Start at pin 2. Wind 54 turns of item [4] and terminate the other end at pin 12.
Fini Grind the core to get the specified inductance. Apply tape to secure both cores. Cut

inish .

pins 3, 4, 5, 6, 10, 11.

General Note

E Power Integrations, Inc.
Tel: +1 408 414 9200 Fax: +1 408 414 9201
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8 Inductor Design Spreadsheet

Qg\?fafg':p';':iaﬁf (F:‘II(DTIS:IP e INPUT  [INFO OUTPUT R RINITE S [ENKSEHEDS D TSNk S WitchE RIBLEKIDES igh
Integrations 2011 HIUGEE EIEE

ENTER APPLICATION VARIABLES

Dimming required NO NO gil;%v“izfilggtimgnc.iimming is required.
VACMIN 90 90 v/ Minimum AC Input Voltage

VACMAX 305 305 vV Maximum AC input voltage

fL 50 Hz IAC Mains Frequency

VO 54.00 54.00 v/ Typical output voltage of LED string at full load
o LED sam vetass o v i
e LD S vetess oo v
V_OVP 73.86 vV Over-voltage setpoint

10 |0.75 0.75 Typical full load LED current

PO 40.5 Watts  |[Output Power

n |O.85 0.85 Estimated efficiency of operation

ENTER LinkSwitch-PH VARIABLES

Selected Linkswitch-PH device. If Dimming is
LNK-PH LNK419 LNK419 required, select device from LNK40X family,
Otherwise select device from LNK41X family

Select "RED" for reduced Current Limit mode or

Current Limit Mode FULL FULL "FULL" for Full current limit mode

ILIMITMIN 3.160 A Minimum current limit

ILIMITMAX 3.860 A Maximum current limit

fS 66000 Hz Switching Frequency

fSmin 62000 Hz Minimum Switching Frequency

fSmax 70000 Hz Maximum Switching Frequency

I\ 38.70 UA VV pin current

Rv 3.909 M-ohms [Upper V pin resistor

RV2 1.402 M-ohms [Lower V pin resistor

IFB 160.85 UA FB pin current (75 uA < IFB < 250 uA)

R7 94.00 k-ohms |IFB setting resistor (See RDR254 schematic)
RS 35.35 k-ohms ;Jé)h;;er;;etziii)stor in base divider (See RDR254

R9 90.90 k-ohms Is_gr\:\;er;;et:iil)stor in base divider (See RDR254
VDS 10 vV LinkSwitch-PH on-state Drain to Source Voltage
VD 0.60 vV Output Winding Diode Forward Voltage Drop
VDB 0.70 vV Bias Winding Diode Forward Voltage Drop

Key Design Parameters

KP 0.50 0.50 Ripple to Peak Current Ratio (0.4 < KRP < 1.3)
LP 984 |uH Primary Inductance

KP Expected 0.24 Ripple to Peak Current Ratio (0.4 < KRP < 1.3)
Expected 10 (average) 0.76 |A Expected Average Output Current

ENTER TRANSFORMER CORE/CONSTRUCTION VARIABLES

Core Type RM8 |RM8 Selected Core for inductor

Core RM8 P/N: *

Bobbin RM8_BOBBIN P/N: CSV-RM8-1S-8P-G

AE |0.52 cm”2 Core Effective Cross Sectional Area

Power Integrations E
Tel: +1 408 414 9200 Fax: +1 408 414 9201
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LE 3.55 cm Core Effective Path Length

AL 1550 nH/TA2 |Ungapped Core Effective Inductance

BW 9.1 mm Bobbin Physical Winding Width

I o i Safety Margin Width (Hglf the Primary to
Secondary Creepage Distance)

L 8.00 8 Number of Primary Layers

dDC INPUT VOLTAGE PARAMETERS

VMIN 127 vV Peak input voltage at VACMIN

VMAX 431 vV Peak input voltage at VACMAX

CURRENT WAVEFORM SHAPE PARAMETERS

DMAX 0.42 Minimum duty cycle at peak of VACMIN

IAVG 0.76 A IAverage Primary Current

P 1.96 A Peak Primary Current (calculated at minimum
input voltage VACMIN)

IRMS 0.76 A iﬁ’];Tta\%lggﬂ‘;S\/C:ér&mgcalculated at minimum

TRANSFORMER PRIMARY DESIGN PARAMETERS

LP 984 uH Primary Inductance

NP 155 Primary Winding Number of Turns

IALG 41 nH/TA2 |Gapped Core Effective Inductance

BM 2397 Gauss |Maximum Flux Density at PO, VMIN (BM<3000)

BP 3279 Gauss |Peak Flux Density (BP<4200)

BAC 509 Gauss égailtg( F?:anlf)ity for Core Loss Curves (0.5 X

ur 842 Relative Permeability of Ungapped Core

LG 1.55 mm Gap Length (Lg > 0.1 mm)

BWE 72.8 mm Effective Bobbin Width

oD 0.47 m m:l):;;r:;r: Primary Wire Diameter including

INS 0.06 m :Ehsls(t;me;tsesd) Total Insulation Thickness (= 2 * film

DIA 0.41 mm Bare conductor diameter

AWG 7 AWG ;g:;gdvx‘l\r;\e/éasgﬁ];)(Rounded to next smaller

CM 203 Cmils Bare conductor effective area in circular mils

CMA 69 gr;ils/A g(l;ig)\ary Winding Current Capacity (200 < CMA <

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

9.1 Heat Sink Fabrication Drawing
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INTEGRATIONS AGUAR mAcHs 0%y | CHECKED Y TITLE:
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Figure 9 — Heat Sink Fabrication Drawing (Inches).
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9.2 Heat Sink Assembly Drawing

1 FOR COMPLET ASSEMBLY
SEE 61-00089-02
2X
FABRICATOR TO INSTALL
ITEM 2 AS SHOWN.
ITEM PART
NO. | NUMBER DESCRIPTION Qry.
F:\Apps_Files\Apps_Personal\ 1 |60-00016-00| TERMINAL, EYELET, ZIERICK 190 | 2
Strategic Customer Apps\YR 2012-PROJECT\ . . I
LSG 40W street Lamp LNK-PH\Heatsink\ PDF 2 |61-00089-00 HEATS'NKb%ggI?QQ Al, 3003, 1
® UNLESS OTHERWISE SPECIFIED: NAME | DATE .
EWWER oA R DIMENSIONS ARE IN INCHES DRAWN BY: JNG |060112] Power Integratlons
INTEGRATIONS 7700 ENCUAR wacHs 0% | CHECKED b TLE:
Lg;ﬁ:;g;:;g;7,:5,:*37%::7:,% BloRodms o e — HEATSINK, FAB, eSIP,
Ee covered by one or more 0. and foreian - WITH BRKTS, PI CUSTOM
patents or potentially by pending U.S. and ASMEN145 10
foreign patent applications assigned to COMMENTS:
Power Integrations. A complete list of Power | nexr assy ATERIAL SIZE [DWG. NO. REV
iintegrations’ patents may be found at
www.powerint.com USED ON FINISH A 6] —00089—0 ] O ]
Copyright 2012, Power Integrations TEnT
Proprietary and Confidential APPLICATION DO NOT SCALE DRAWING SCALE: 1:11 | | SHEET1 OF 1
T T T T
5 4 3 2 1

Figure 10 — Heat Sink Assembly Drawing.
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9.3 Heat Sink, LNK419EG and Diode Assembly Drawing

8 | F | 6 | 5 " 4 | 3 \ -2 | it
D D
c C
- O
B B
WM PART NUMBER DESCRIPTION Qry.
1 61-00089-00 HEATSINK, CUSTC1)_HI\/% AL 3003, 0.062 1
2 10-00483-00 LINKSWITCH-PH, LNK419EG, eSIP 1
4 15-00830-00 DIODE-600V- 3A-TO-220AC 1
F:\Apps_Files\ Apps_Personal\ o
—  Strategic Customer Apps\ YR 2012-PROJECT\ 5 66-00086-00 THERMAL PAD .060 4X4" GAPPAD 1+
LSG 40W street Lamp LNK-PH\Heatsink\ PDF [ 60-00031-00 HEATSINK HARDWARE, EDGE CLIP 1
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Figure 11 — Heat Sink, LNK419EG and Diode Assembly Drawing.
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10 Performance Data

All measurements were performed at room temperature using an LED load. The following
data was measured using 3 sets of loads representing voltages of 51 V to 57 V. The table
in Section 10.6 shows values.

10.1 Efficiency

90.0

=57 \/
==54\/
89.5 1 =51\

89.0 ¢

88.5 1§

o
®
o

Efficiency
(0¢]
~
(&)}

©
N
o

©
o
)

86.0 1§

85.5 1§

85.0

80 105 130 155 180 205 230 255 280 305
Input Voltage (VAC)

Figure 12 — Efficiency vs. Line and Load.
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10.2 Line and Load Regulation

800
=57V
=m=54 \/

790 +o =51V

780 1§
< 770
E
S 760 | M
=
=)
© 750 |
=)
2
5 .
o 740

730 o

720 o

710 ¥ ¥ ¥ ¥ " ¥ ¥ ¥

80 105 130 155 180 205 230 255 280 305
Input Voltage (VAC)
Figure 13 — Regulation vs. Line and Load.
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10.3 Power Factor

1.000

=57V
=m=54 \/
0.995 =51V ||

0.990

Power Factor

0.955 I/

0.950

0.945
80 105 130 155 180 205 230 255 280 305

Input Voltage (VAC)

Figure 14 — Power Factor vs. Line and Load.
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10.4 A-THD

35

=57 \/
=l=54 \/
=51V

25 1

10 »

80 105 130 155 180 205 230 255 280 305

Input Voltage (VAC)
Figure 15— A-THD vs. Line and Load.
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10.5 Harmonic Currents
The design met the limits for Class C equipment for an active input power of >25 W.

10.5.1 57 V LED Load
35

m Class C Limit
® Harmonic Content

30 1

- N N
()] o ()]

% of Fundamental

-
o

3 5 7 9 11 13 156 17 19 21 23 25 27 29 31 33 35 37 39

Harmonic number (n)
Figure 16 — 57 V LED Load Input Current Harmonics at 230 VAC, 50 Hz.

E Power Integrations, Inc.
Tel: +1 408 414 9200 Fax: +1 408 414 9201
www.powerint.com Page 24 of 51



22-Aug-12 DER-340 40.5 W LED Driver Using LNK419EG

10.5.354 V LED Load

35

m Class C Limit
@ Harmonic Content

30 1

- N N
()] o ()]

% of Fundamental

-
o

3 5 7 9 11 13 15 17 19 21 23 25 27 29 31 33 35 37 39
Harmonic number (n)

Figure 17 — 54 V LED Load Input Current Harmonics at 230 VAC, 50 Hz.
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10.5.4 51 V LED Load
35

H Class C Limit
@ Harmonic Content

- N N
[@)] o ()}

% of Fundamental

N
o

3 5 7 9 11 13 15 17 19 21 23 25 27 29 31 33 35 37 39

Harmonic number (n)
Figure 18 — 51 V LED Load Input Current Harmonics at 230 VAC, 50 Hz.
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10.6 Test Data
All measurements were taken with the board at open frame, 25 °C ambient.

10.6.1 Test Data, 57 V LED Load

Input Measurement Load Measurement Calculation

Vin In Pin ) Vour lout Pour | Pca. | Efficiency | Loss
(Vous) | (mAgus) | W) | PP "ATHD [ vy [ mao) | 1) | o) | 0 | w)
89.92 | 597.64 | 51.19]10.95| 31.58 | 57.65] 759.20 | 44.19 | 43.77 86.32 7.00
99.90 | 526.40 | 50.7910.97| 26.35 | 57.66] 759.70 | 44.18 | 43.80 87.00 6.60
109.97 | 471.27 150.48 |1 0.97 | 22.64 |57.66| 759.80 | 44.16 | 43.81 87.49 6.32
114.96 | 448.31 | 50.35 ] 0.98 | 21.08 | 57.66 | 759.90 | 44.16 | 43.81 87.70 6.19
135.00 | 377.27 | 50.13 1 0.98 | 16.76 | 57.67 | 760.40 | 44.16 | 43.85 88.11 5.96
190.07 | 266.56 | 50.12 ] 0.99 | 10.50 | 57.67 | 761.10 | 44.30 ] 43.89 88.38 5.82
203.06 | 249.00 | 50.00 | 0.99 9.86 57.67 | 761.00 | 44.29 | 43.89 88.58 5.71
220.08 | 230.22 | 50.04 | 0.99 9.34 57.67 | 761.20 | 44.30 | 43.90 88.53 5.74
230.14 | 220.42 | 50.05 | 0.99 9.12 57.67 | 761.20 | 44.30 | 43.90 88.51 5.75
240.11 | 211.66 | 50.08 | 0.99 9.11 57.68 | 761.20 | 44.30 | 43.90 88.46 5.78
300.19 | 172.44 ]50.42 ]| 0.97 9.93 57.69 | 761.70 | 44.35 | 43.94 87.95 6.08

10.6.2 Test Data, 54 V LED Load
Input Measurement Load Measurement Calculation

Vin In Pin o Vour lout Pour | Pca. | Efficiency | Loss
(Vews) | (mAgue) | W) | PP ] "ATHD [ vy [man) | o) | o) | 0 | W)
89.92 | 561.55 | 48.4710.96| 28.90 | 54.43] 760.70 | 41.82 | 41.41 86.29 6.65
99.91 | 496.42 | 48.1410.97| 2414 |54.43] 761.20 | 41.81 | 41.43 86.84 6.34
109.98 | 44545 | 47.89 ] 0.98 | 20.82 |54.42 | 761.50 | 41.80 | 41.44 87.28 6.09
11497 | 423.91 | 47.76 1 0.98| 1945 |54.40| 761.60 | 41.78 | 41.43 87.47 5.98
135.01 | 357.52 4758 1 0.99| 1561 |54.41] 762.10 | 41.78 | 41.46 87.81 5.80
190.08 | 253.27 | 47.62 | 0.99 9.89 54.40 | 762.70 | 41.91 | 41.49 88.00 5.72
203.07 | 236.67 | 47.51 ] 0.99 9.42 54.39 | 762.70 | 41.90 | 41.48 88.19 5.61
220.09 | 218.91 ] 47.55] 0.99 9.08 54.38 | 762.90 | 41.90 | 41.49 88.13 5.65
230.15 | 209.68 | 47.56 | 0.99 9.02 54.38 | 762.90 | 41.91 | 41.49 88.12 5.65
240.11 | 201.44 | 47.60 | 0.98 9.04 54.38 | 763.10 | 41.92 | 41.50 88.06 5.68
300.19 | 164.46 | 47.96 ]| 0.97 | 10.33 | 54.39| 763.70 | 41.97 | 41.53 87.50 6.00

Page 27 of 51
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10.6.3 Test Data, 51 V LED Load

Input Measurement Load Measurement Calculation
Vin In Pin 0 Vour lout Pour | Pca. | Efficiency | Loss
(Vaus) | (mAgue) | W) | PP | "ATHD [ vy [man) | o) | o) | ) | w)
89.94 | 529.65 | 46.00]0.97 | 26.42 | 51.54| 760.70 | 39.60 | 39.21 86.10 6.39
99.92 | 46942 |45.72]10.97 | 2223 | 51.54 | 761.00 | 39.60 | 39.22 86.61 6.12
109.99 | 421.97 | 4550|098 | 19.24 |51.54| 761.10 | 39.58 | 39.23 86.99 5.92
114.98 | 401.94 | 45.40 | 0.98| 18.07 | 51.54 ] 761.10 | 39.57 | 39.23 87.17 5.83
135.01 | 339.42 | 45.23 1 0.99 1457 | 51.55] 761.40 | 39.57 | 39.25 87.48 5.66
190.08 | 240.90 | 45.30 | 0.99 9.40 51.55] 762.00 | 39.70 | 39.28 87.64 5.60
203.07 | 225.27 | 45.21 1 0.99 9.01 51.55] 762.00 | 39.70 | 39.28 87.81 5.51
220.09 | 208.51 | 45.27 | 0.99 8.81 51.55] 762.20 | 39.71 | 39.29 87.72 5.56
230.15 ] 199.75 | 45.28 | 0.99 8.86 51.55] 762.20 | 39.71 | 39.29 87.71 5.57
240.11 ] 191.92 | 45.3110.98] 9.01 51.56 | 762.20 | 39.72 | 39.30 87.65 5.59
300.19 | 157.10 | 45.70 ] 0.97 | 10.93 | 51.56 | 762.90 | 39.78 | 39.34 87.04 5.92

E Power Integrations, Inc.
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10.6.4 230 VAC 50 Hz, 57 V LED Load Harmonics Data

\" Freq | (mA) P PF %THD
230 50.00 220.42 | 50.0500 | 0.9866 9.12
nth mA % Limit Limit Remarks

Order | Content | Content | <25W >25 W

1 218.64

2 0.16 0.07% 2.00%

3 15.80 7.23% | 170.1700 | 29.60% Pass

5 4.82 2.20% 95.0950 | 10.00% Pass

7 4,22 1.93% 50.0500 | 7.00% Pass

9 4.32 1.98% 25.0250 | 5.00% Pass

1 4.66 2.13% 17.5175 | 3.00% Pass

13 4.09 1.87% 14.8225 | 3.00% Pass
15 4.30 1.97% 12.8462 | 3.00% Pass
17 2.35 1.07% 11.3349 | 3.00% Pass
19 1.42 0.65% 10.1417 | 3.00% Pass
21 0.88 0.40% 9.1758 3.00% Pass
23 1.13 0.52% 8.3779 3.00% Pass
25 1.57 0.72% 7.7077 3.00% Pass
27 1.49 0.68% 7.1368 3.00% Pass
29 1.39 0.64% 6.6446 3.00% Pass
31 1.01 0.46% 6.2159 3.00% Pass
33 0.90 0.41% 5.8392 3.00% Pass
35 0.60 0.27% 5.5055 3.00% Pass
37 0.52 0.24% 5.2079 3.00% Pass
39 0.64 0.29% 4.9408 3.00% Pass
41 0.75 0.34%

43 0.84 0.38%
45 0.62 0.28%
47 0.45 0.21%
49 0.49 0.22%
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10.6.5 230 VAC 50 Hz, 54 V LED Load Harmonics Data

\" Freq | (mA) P PF %THD
230 50.00 209.68 | 47.5600 | 0.9857 9.02
nth mA % Limit Limit Remarks

Order | Content | Content | <25W >25 W

1 207.84

2 0.16 0.08% 2.00%

3 15.53 7.47% | 161.7040 | 29.57% Pass

5 412 1.98% 90.3640 | 10.00% Pass

7 3.48 1.67% 47.5600 | 7.00% Pass

9 3.54 1.70% 23.7800 | 5.00% Pass

1 4.04 1.94% 16.6460 | 3.00% Pass

13 3.78 1.82% 14.0851 | 3.00% Pass
15 3.54 1.70% 12.2071 | 3.00% Pass
17 2.51 1.21% 10.7709 | 3.00% Pass
19 1.72 0.83% 9.6372 3.00% Pass
21 0.83 0.40% 8.7193 3.00% Pass
23 0.89 0.43% 7.9611 3.00% Pass
25 1.31 0.63% 7.3242 3.00% Pass
27 1.36 0.65% 6.7817 3.00% Pass
29 1.41 0.68% 6.3140 3.00% Pass
31 1.10 0.53% 5.9066 3.00% Pass
33 0.95 0.46% 5.5487 3.00% Pass
35 0.67 0.32% 5.2316 3.00% Pass
37 0.55 0.26% 4.9488 3.00% Pass
39 0.35 0.17% 4.6950 3.00% Pass
41 0.55 0.26%

43 0.66 0.32%
45 0.82 0.39%
47 0.86 0.41%
49 0.78 0.38%

E
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10.6.6 230 VAC 50 Hz, 51 V LED Load Harmonics Data

\" Freq | (mA) P PF %THD
230 50.00 199.75 | 45.2800 | 0.9850 8.86
nth mA % Limit Limit Remarks

Order | Content | Content | <25W >25 W

1 197.97

2 0.09 0.05% 2.00%

3 14.59 7.37% | 153.9520 | 29.55% Pass

5 4.04 2.04% 86.0320 | 10.00% Pass

7 3.34 1.69% 45.2800 | 7.00% Pass

9 3.27 1.65% 22.6400 | 5.00% Pass

1 3.84 1.94% 15.8480 | 3.00% Pass

13 3.63 1.83% 13.4098 | 3.00% Pass
15 3.24 1.64% 11.6219 | 3.00% Pass
17 2.33 1.18% 10.2546 | 3.00% Pass
19 1.76 0.89% 9.1752 3.00% Pass
21 0.74 0.37% 8.3013 3.00% Pass
23 0.62 0.31% 7.5795 3.00% Pass
25 1.00 0.51% 6.9731 3.00% Pass
27 1.02 0.52% 6.4566 3.00% Pass
29 1.06 0.54% 6.0113 3.00% Pass
31 0.80 0.40% 5.6235 3.00% Pass
33 0.68 0.34% 5.2827 3.00% Pass
35 0.48 0.24% 4.9808 3.00% Pass
37 0.31 0.16% 4.7116 3.00% Pass
39 0.23 0.12% 4.4699 3.00% Pass
41 0.26 0.13%

43 0.27 0.14%
45 0.45 0.23%
47 0.40 0.20%
49 0.63 0.32%
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11 Thermal Performance

11.1 Test Set-up

The unit was placed inside a box in the chamber that was set to deliver an ambient of
~50°C (ambient inside the box). Thermal measurements were taken after 1 hour for each
line condition.

- . - ‘...‘..‘:uu'»m‘ THIS SET - UP
Figure 19 — Thermal Test Set-up.
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11.2 90 VAC, 60 Hz, 54 V LED Load

GROUP 1 = — —
2012/85/31 15:13:14 EVENT I 22h:d4nin  (©) 6

amin/div

14106 14228 14:38 14:48 14:58 15:68 15:
D2 RS
104.7 108.5 104.0 104.7
°C °C °C °C
76.6 183.9 181.1 92.1
Part Ref Description Temp, °'C | AT, °C

U1 LinkSwitch-PH 104.7 52.6

D2 Output Diode 100.5 48.4

T1 Inductor 104.0 51.9

R17 Current Sense Resistor 104.7 52.6

C5 Output Capacitor 76.6 24.5

BR1 Bridge Diode 103.9 51.8

L2 Differential Choke 101.1 49.0

AMB Ambient Inside the Box 52.1

Figure 20 — Thermal Reading at 90 VAC, 60 Hz.
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11.3 115 VAC, 60 Hz, 54 V LED Load

amin/div 5'215”
20
S —mi
]:
. -
o
ol
1525 15:35 15:45 15:55 18265 ls:i
D2 I T
98.3 98.5 101.6 106.2
°C °C °C °C
79.9 92.8 87.3 92.2
Part Ref Description Temp, °'C | AT, °C
U1 LinkSwitch-PH 98.3 46.1
D2 Output Diode 98.5 46.3
T1 Inductor 101.6 49.4
R17 Current Sense Resistor 106.2 54.0
C5 Output Capacitor 75.9 23.7
BR1 Bridge Diode 92.8 40.6
L2 Differential Choke 87.3 35.1
AMB Ambient Inside the Box 52.2

Figure 21 — Thermal Reading at 115 VAC, 60 Hz.
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11.4 230 VAC, 50 Hz, 54 V LED Load

anin/div 1:5“
20
= :
o iﬁ
&
3
16:23 16133 16149 16:59 1732 1713 i
D2 RS [
97.5 101.3 106.9 106.0
°C °C T °C
79.7 76.1 79.4 02.2
Part Ref Description Temp, °'C | AT, °C
U1 LinkSwitch-PH 97.5 453
D2 Output Diode 101.3 49.1
T1 Inductor 106.9 54.7
R17 Current Sense Resistor 106.0 53.8
C5 Output Capacitor 75.7 23.5
BR1 Bridge Diode 76.1 23.9
L2 Differential Choke 75.4 23.2
AMB Ambient Inside the Box 52.2

Figure 22 — Thermal Reading at 230 VAC, 50 Hz.

Power Integrations E
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11.5 300 VAC, 50 Hz, 54 V LED Load

Snin/div 1:5“
20
[ -
{30
al
3
17:39 1749 17153 1283 18:19 i
D2 RS [
100.4 104.2 112.8 107.2
C °C iC °C
76.8 72.9 75.0 02.3
Part Ref Description Temp, °'C | AT, °C
U1 LinkSwitch-PH 100.4 48.1
D2 Output Diode 104.2 51.9
T1 Inductor 112.8 60.5
R17 Current Sense Resistor 107.2 54.9
C5 Output Capacitor 76.8 24.5
BR1 Bridge Diode 72.9 20.6
L2 Differential Choke 75.0 22.7
AMB Ambient Inside the Box 52.3

Figure 23 — Thermal Reading at 300 VAC, 50 Hz.
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12 Waveforms

12.1 Input Line Voltage and Current

File Verical Timebase Trigger Display Cursors Measure Math Analysis Ulliies Help e Verical Timebase Trgger Display Cursors Measure Math Analysis Utilles Help

3 T
Measure P1ims(C4) P2rms(C2) PIpkpkIC2) Pdmax(C3) Pamax(C2) PBimax(C4) Measure P1rms(C4) P2ms(CZ) PIpkpkiC2) PAmax(C3) PEmaxiC2) PG:max(C4)
value 200V 558 v value 1150V 419my
status v v status v v

100w
100 WS 10

LeCroy 4 Trailing nunber(s) in the fllename were truncated to allow auto-numbering

igure 24 — 90 VAC, Full Load. Figure 25 — 115 VAC, Full Load.
Upper: iy, 500 mA / div. Upper: Iy, 500 mA / div.
Lower: Viy, 100 V, 10 ms / div. Lower: Vy, 100 V, 10 ms / div.

e Verical Timebase Trgger Display Cursors Measure Math Analysis Ullities Help e Verical Timebase Trgger Display Cursors Measure Math Analysis Utiifies Help

T 3
Measure F1ms(C4) P2rms(C2) P3pkpk(C2) P4max(C3) Pamax(C2) P6max(C4) Measure P1irms(C4) P2rms(C2) PIpkpkCZ) Paman(C3) PSimax(C2) PBimax(C4)y
value 2299Y 206.9 mv value 3001V 181amy
status v v status v v

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

Figure 26 — 230 VAC, Full Load. Fi_gure 27 - 300 VAC, Full Load.
Upper: iy, 200 mA / div. Upper: Iy, 200 mA / div.
Lower: Vin, 200 V, 10 ms / div. Lower: V|y, 200 V, 10 ms / div.

Power Integrations E
Tel: +1 408 414 9200 Fax: +1 408 414 9201
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12.2 Output Voltage and Current at Normal Operation

Flle Verical Timebase Trigge

Cursors Measure Malh Analysis Utiities Help

Flle Verlical Timebase Trigger Display

Display Cursors Measure Math Analysis  Ullities  Help

&
Measure Pl:ms(C4) P2ms(C2 P3pkok(C2) Pa:meaniC2 PSmax(C2) PE:pKRKIC4)
value S371V 7835 my 493 my 737.6 My 980 mv 96V
stalus o v v v
LeCroy 5i29/2012 3:21:35 PM

Figure 28 — 90 VAC, Full Load.
Upper: lout, 200 mA / div.
Lower: Vout, 10V, 10 ms / div.

Flle Vemical Timebase Trigger Display Cursors Measure Math Analysis Utiiies Help

i
Measure P1ms(C4) P2MSCD P3:pkokiC2) PA:mean(c
value 5369V 7501 my 442 mv 737.0my
stalus v v v

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

Figure 29 — 115 VAC, Full Load.
Upper: lout, 200 mA / div.

PSmax(C2)

PB:pknkiC4)
954 mv 90w

Lower: Vout, 10V, 10 ms / div.

Flle Verical Timebase Trigmer Display Cursors Measure Math Analysis Utiies Help

Measure P1ms(Cd) P2ImMS(CD P pkpk(G2) Pa'mean(CZ) PEmMax(C2) PE:pkpkiC4)
value 5368V 7530 my a7dmy 7375 mY 973my 90V
slalus v v v v v

ofst
4 Trailing number(s) in the filenarme were truncated to allow auto-numbering,

Figure 30 — 230 VAC, Full Load.
Upper: lout, 200 mA / div.
Lower: Vout, 10 V, 10 ms / div.

i
Measure PA:rms (Cd) PImsiC P3pkok(C2) Pdmean(C2)
value 5365V 7536 my 493 v 7376 MY
status v v v v

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

Figure 31 — 300 VAC, Full Load.
Upper: loyt, 200 mA / div.

PEMax(c2)

P pkpk(C4)
986 mv 93V
v

Lower: Vout, 10V, 10 ms / div.

Power Integrations, Inc.
Tel: +1 408 414 9200 Fax: +1 408 414 9201
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12.3 Drain Voltage and Current at Normal Operation

e Verical Timebase Trigger Display Cursors Measure Math Analysis Ulliies Help

File Verical Timebase Trigger Display Cursors MWeasure Math Analysis Uilities Help

[y )
Measure P1ms(C3) P2mms(C2) P3:max(C2) Pdmax(C3) P&:max(C3) P& pkpk(C4) Measure P1rms(C3 P2rms(C2 PImax(C2) P4max(C3) PSmax(CT3) PE.pKpKIC4)
value 588Y TT4AmY 198V 142V value BeOov 1260V 202v 146V
status v v v status v v 4 4
5! Stoj 0V 50,0 Vidy| p 26V
Edge Positive 0.0V offse] 5 (£ 506 v
512812012 3:45:32 PM LeCroy $2912012 346:48 PM

LeCroy

Figure 32 — 90 VAC, 60 Hz. Figure 33 — 90 VAC, 60 Hz.
Upper: IbRAINS 0.5 A/ div. Upper: IbRAINS 0.5 A/ div.
Lower: Vpran, 50 V, 5 ms / div. Lower: Vpgrain, 50 V / div., 10 ps / div.

e Verical Timebase Trigger Display Cursors Measure Malh Analysis Utiiies Help

Flle Cursors  Measure  Wath Analysis  Utilties  Help

- -
o o [ —
) £y
o [T
o
E = et ot b e
[y .
Measure F1ams(C3) P2mims(C2) P3:max(C2) Pdmax(C3) PS:max(C3) Pipkpk(C4) Measure P11ms(C3H P2rms(C2 PImMax(C2) P4:max(C3) PSmax(C3) PE.OKDKICH)
value 2822V 406 mv 202v 447V value 3914V B35 mv 203v 44TV
status 4 v v v status v v v v
i
1800V
Posiive)

4 Trailing nurber(s) in the fllename were truncated 1o allovw auto-numbering. 512012012 3:48:41 PM

Figure 34 — 300 VAC, 50 Hz. Figure 35 — 300 VAC, 50 Hz.
Upper: IDRAle 0.5 A/ div. Upper: IDRAINa 0.5 A/ div.
Lower: VDRAlNa 100 V, 5 ms / div. Lower: Vpran, 100 V /div., 10 us [ div.

Power Integrations E
Tel: +1 408 414 9200 Fax: +1 408 414 9201
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12.4 Start-Up Drain Voltage and Current

Flle Verical Timebase Trigger Display Cursors Measure Analysis  Utlities  Help

nalysis  Ullifies  Help

o
3
J\WW
i
Measure F1ims(C3) P2ims(CY) P3max(C2) Pdmax(C3) P&max(C3) PB:pkpk(C4)
value LEEN 438 mv 1a5Y 135V
stalus v v v %
335 my|
Edge  Positive
LeCroy 2012 4:02:32 P

Figure 36 — 90 VAC Start-up.
Upper: Ipran, 500 mA / div.
Lower: VDRAIN, 50 V, 50 ms / div.

!
i
o
S
Measure P1:rms(C3) P2ims(C2) P3max(C2) P4 max(C3) P5max(C3) FepkpkiC4)
value 2886V 328 mY 286V 447V
status v v v v

iFisbass 101 T7S
50, 335 mvj
‘

A\ Trailing number(s) in the filename were fruncated o allaw auto-numkering.

Figure 37 — 300 VAC Start-up.
Upper: IDRAIN, 500 mA / div.
Lower: Vpran, 100 V, 50 ms / div.

Power Integrations, Inc.
Tel: +1 408 414 9200 Fax: +1 408 414 9201
www.powerint.com
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Mea Plirms(C3 2
BE8Y
ssssss
|
el
LeCroy

Figure 38 — 90 VAC Full Load.
Upper: lout, 200 mA / div.

PRems(C4)
EIRRY

P3max(Ceay
11y

12.5 Start-up time

Pd:max(C3)
140V

PEmax(C3)

Pipkpk(C4)y

Lower: V iy, 100 V / div., 100 ms / div.

sssss

11111

Tr: number(s) in the filename were fruncated to allow auto-numbering

Figure 39 — 115 VAC Full Load.

Upper: loyt, 200 mA / div.
Lower: V|y, 100 V / div., 100 ms / div.

Figure 40 — 230 VAC Full Load.
Upper: lout, 200 mA / div.

PRems(C4)
2285V

P3max(Cey
233V

ncated to allow auto-numbering.

Pd:max(C3)
y

PEmax(C3)

Pipkpk(C4)y

Lower: V iy, 200 V / div., 100 ms / div.

A\ Trailing

Figure 41 — 300 VAC Full Load.

number(s) in the filename were fruncated to allow auto-numbaring

(2 1ms(C4) i (C2) #(C3) PERKOKICH)
Tmv my
% v

Upper: loyt, 200 mA / div.
Lower: V|y, 200 V / div., 100 ms / div.

Page 41 of 51
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12.6 Output Current/ Voltage Rise and Fall

File Verical Timebase Trigger Display Cursors Measure Maih Analysis Ulillies Help e Verical Timebase Trigger Display Cursors Measure Math Analysis Utiiies Help

o le
3

Measure Plirms(CH PRems(C4) P3max(Ceay Pd:max(C3) PEmax(C3) Pipkpk(C4)y i

valug 56.9V 5013V 586V 146V Measure PL:mMs(CY PLIME(C4) PEmax(C4) Pa:max(C3) Pa:max(C3) PEpKOK(CA)

stalus v % v v value 547V 4037V 586V 146V

status. v % v v

Figure 42 — 90 VAC Output Rise. Figure 43 — 90 VAC Output Fall.
Upper: Vour, 10 V / div. Upper: Vour, 10 V / div.
Lower: loyt, 200 mA / div., 1 s/ div. Lower: loyt, 200 mA / div., 1 s/ div.

File Verical Timebase Trigger Display Cursors Measure Maih Analysis Ulillies Help le Vertical Timebase Trigger Display Cursors Measure Math Analysis Utilies Help

b
o
i
Measure Plrms(CH PRems(C4) P3max(Ceay Pd:max(C3) PEmax(C3) Pipkpk(C4)y i
valug 2743V 4777V 589V aaay Measure PL:mMs(CY PLIME(C4) PEmax(C4) Pa:max(C3) Pa:max(C3) PEpKOK(CA)
status v % v v value 2735V 4388V 583V “ry

status. v % v v

imehase 0.0 3 [oc)

Roll 1,00 s

™y
1.00M5 1 Edge Negalive]

-6
A\ Trailing number(s) in the filename were truncated to allow auto-numbering.

12 50051 P

Figure 44 — 300 VAC Output Rise. Figure 45 — 300 VAC Output Fall.
Upper: Vour, 10 V / div. Upper: Vour, 10 V / div.
Lower: loyt, 200 mA / div., 1 s/ div. Lower: loyt, 200 mA / div., 1 s/ div.

g Power Integrations, Inc.
Tel: +1 408 414 9200 Fax: +1 408 414 9201
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12.7 Output Current During Line Transient

During a sudden change in input voltage, output current overshoots/undershoots due to
the inherently slow loop response of the system. Maximum (peak) output current for this

design is shown below.

nalysis  Utiiiles  Help

i

& \ i e W i
mlmmi.nmmn|nnmnmmwnmw mwm wmuw I \m it M‘ i :'m 'w |‘ '|‘| ‘ A bl

AR | f | \ | i

\ il L
Measure Plrms(CH PRems(C4) FS: max(Cay Pdmax(CD PamIn(C2) Pipkpk(C4)y
valug 803.2 my Ma1Y 198V 1.208v 491 mv Measure PL:mMs(CD PLIME(C4) PEmax(C4) Pa:max(C2) PEMIn(C2) PEpKOK(CA)
v v v v v value 6638 my maov 198V 871 mv 261 my
status v v v v

LeCroy msﬂmzam HPM

Figure 46 — 90 VAC - 132 VAC, 60 Hz.
Upper: lout, 200 mA / div.
Lower: Viy, 100 V / div., 500 ms / div.
lout Peak: 1.21 A.

LeCm

Figure 47 — 132 VAC — 90 VAC, 60 Hz.
Upper: loyt, 200 mA / div.
Lower: V|\, 100 V / div., 500 ms / div.
loutr Minimum: 261 mA.

nalysis  Utiiiles  Help

i
M AL el N“J“”‘H“‘ .‘\ "W‘"‘Jw”"W\1""'”\'""\N"‘Mf"w”-"“!ul”“ At
Ll el 0 [l e i B
AHAER A
NN N T
Measure P1rms(C2) P2rms(C4) FS: max(C4) P4man(C2) PEMIN(C2) Paipkpk(C4)y i
value B07.4 m¥ 2960V 448V 1200V 490 mv Measure PLms(CH P2ms(C4) Pamax(C4) Pa:max(C2) P&min(C2) PEDkok(C4)
stalus v v v v v value 676.4mv 2608V 418V 1028V 196 mv
status v v v v
LeCroy 512912012 6:0355 PM

Figure 48 — 185 VAC - 300 VAC, 50 Hz.
Upper: lout, 200 mA / div.
Lower: Vin, 200 V / div., 500 ms / div.
lout Peak: 1.21 A.

Figure 49 — 300 VAC — 185 VAC, 50 Hz.
Upper: lout, 200 mA / div.
Lower: V|\, 200 V / div., 500 ms / div.
lour Minimum: 196 mA.
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Math Analysis Utilifies Help

1 Analysis  Utilities  Help

ﬂhl il Hh.\ Mh | '\If \ W \ W Il
‘\I‘i i I Ll J\'\ \ ‘ll‘ I‘J“ \'J" | I

il
||[ I H\ IIH‘ I
U ||U il ‘\‘I

Measure Plrms(Ca PRems(C4) P3max(Ceay Pdmax(CD) PamIn(C2) Pipkpk(C4)y [}
value 693.5 my 828Y 180V 1138V 27 Y Measure P1MS(CD PLIMS(C4) Pamax(Cd) Pa:max(C2) PEMIn(C2) PEpKOK(CA)
stalus % v v v v value 807 mv 2700V 448V 165V -43mv
3 status % v v v
op -4V

s 200 Vidh|

A\ Tralling number(s) in the filename were truncated to allow aulo-numbering 0.0V offsed
LeCroy 52972012 5,05 43 P

Figure 50 — 90 VAC - 0 VAC - 90 VAC, 60 Hz. Figure 51 — 300 VAC — 0 VAC - 300 VAC, 50 Hz.
Upper: lout, 200 mA / div. Upper: loyt, 500 mA / div.
Lower: V|n, 200 V / div., 500 ms / div. Lower: V|n, 200 V / div., 500 ms / div.
lour Peak: 1.14 A. lout Peak: 1.65 A.

12.8 Drain Current and Drain Voltage During Output Short Condition

nebase Trigger Display Cursors Measure Maih Analysis Uiliies Help

File Verical Timebase Trigger Display Cursors Measure Math Analysis Utiliies Help

2 | I )

L) )
o I I | | | |

b i
Measure 1M P2msCD PImaxC2) Pamax(C3) P&max(C3) PEpkpk(Cd) Measure P1ms(CT) PRIMSICD Pmax(C2) Pamax(C3) P5Max(C3) PE:pkpk(C4)
value ARFRRY 90 mv 243V 156V
e M , " ) value 3820 88 mv 322V 450y

— status v v v v

imebase 000
Roll 1.00 sid
1.00MS 101

imebase -2.80 9 (Trigger (@)
3 1.0

08
512002012 4:22:31 PW

M Trailing nuhsl(s) in the filenarme were truncated to allow aute-numbering.

Figure 52 — 90 VAC Output Short Condition. Figure 53 — 300 VAC Output Short Condition.
Upper: Iprain, 500 mA / div. Upper: Iprain, 500 mA / div.
Lower: VDRAIN, 50V,1s / div. Lower: VDRAIN, 100V, 1s / div.

g Power Integrations, Inc.
Tel: +1 408 414 9200 Fax: +1 408 414 9201
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12.9 Open Load Output Voltage

e Vertical Timebase Trigger Display Cursors

Measure Math Analysis  Utilities Help

i
Measure P1ms(C3) PZrms(Cd) P3max(C4) P4 max(C3) Pamax(C3) PB pkpk(C4)
value 47TV 73.03V 80.2v 172v
status v v v v

ek 790
Rall 1.00 s/di top 2965V
dge  Positivel

1.00MS 100

A&\ Tralling number(s) in the filename were fruncated to allow auto-numbering.

Figure 54 — 90 VAC Open Load Characteristic.
Upper: Vour, 20 V / div., 1 s/ div.
Lower: VDRAIN: 50V/ diV., 1 s /div.

e Vertical Timebase Trigger Display Cursors Measure Math Analysis Utiities Help

i
Measure Piirms(Cy) PZrms{(C4) PImax(Cd)

P4max(C) P3max(C3) PGpkpk(C4)
valug 3322V T516Y B34V 460
status v v v v

Rall 1.00

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

Figure 55 — 300 VAC Open Load Characteristic.
Upper: Vour, 20 V / div., 1 s/ div.
Lower: Vpran, 100 V / div., 1 s/ div.

1.00MS 100
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13 Conducted EMI
Conducted EMI was measured at 115 VAC and 230 VAC, 60 Hz line input and at room
temperature.

13.1 Test Set-up

Figure 56 — EMI Set-up: LED Driver and Load were Placed Inside the Cone.

Power Integrations, Inc.
Tel: +1 408 414 9200 Fax: +1 408 414 9201
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13.2 Test Result

® Power Integrations RBW 9 kHz
30.May 12 13:06 MT 500 ms
Att 10 dB AUTO
daBuv 1750 100 kHz 1 MHz 10 MHz
tN550l5Q LIMIT CHECK BASS
I SGL
1 _ =100
I
~90
N
2 AV I \\\
CLRWR 20 TDF
=70
I ~
60
I ENBSIQ1 52

I —

4 l .| 6DB

9 kHz 30 MHz

Tracel: ENS55015Q

Tracez: EN55015A

Trace3: -——-

TRACE FREQUENCY LEVEL dBpVv DELTA LIMIT dB

2 Average 23.55 N gnd
2 Average ©4.5467705779 kHz 36.92 L1 gnd
2 Average 68.5176976246 kHz 29.44 Ll gnd
2 Average 128.247618558 kHz 37.77 L1 gnd
2 Average 133.454986145 kHz 38.80 N gnd
2 Average 137.49880568 kHz 38.20 N gnd
1 Quasi Peak 198.193645035 kHz 50.13 L1 gnd -13.55
2 Average 198.193645035 kHz 40.66 L1 gnd -13.02
1 Quasi Feak 264.49018761 kHz 44.66 L1 gnd -16.62
2 Average 264.49018761 kHz 33.07 L1 gnd -18.21
1 Quasi Peak 287.727746704 kHz 41.50 L1 gnd -16.39
2 Average 3867.727746704 kHz 30.07 L1 gnd -17.82
1 Quasi Feak 588.084042089% kHz 38.84 L1 gnd -17.15
1 Quasi Feak 729.776191209% kHz 38.01 L1 gnd -17.98
1 Quasi Peak 926.622115652 kHz 327.87 L1 gnd -18.13
1 Quasi Feak 22.1524057738 MHz 46.83 N gnd -13.1¢
2 Average 22.1524057738 MHz 37.25 N gnd -12.74

Figure 57 — Conducted EMI, 54 V LED Load, 115 VAC, 60 Hz, and EN55015 B Limits.

Power Integrations
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® Power Integrations RBW 9 kHz
30.May 12 13:37 MT 500 ms
Att 10 dB AUTO

daBpv |7, 100 kHz 1 MHz 10 MHz

EN550150 LIMIT GQHECK Hass

I SGL
o0
2 av
CLRWR TDF

™ # | L1 6DB
N o, S
INMA

30 MHz

EDIT PEA (Final M
Tracel: EN55015Q
Tracez: ENS5015A
Trace3: -——
TRACE FREQUENCY LEVEL dBpvV DELTA LIMIT dB

2 Average 33.31 L1 gnd

2 Average 124.475875068 kHz 33.64 L1l gnd

2 Average 1268.2476168558 kHz 43.24 N gnd

2 Average 133.4545986145 kHz 45.61 L1 gnd

2 Average 137.49880568 kH=z 41.03 N gnd

1 Quasi Peak 188.192645035 kHz 53.74 L1l gnd -9.594
2 Average 188.192645035 kHz 42.38 L1l gnd -11.29
1l Quasi Peak 264.49018761 kHz 42.09 L1 gnd -1%8.19
2 Average 264.49018761 kH=z 31.17 L1 gnd -20.11
1 Quasi pPeak 387.727746704 kHz 4z2.04 L1 gnd -15.85
2 Average 387.727746704 kHz 31.954 L1l gnd -15.9%5
1l Quasi Peak 461.749566613 kHz 44.06 L1 gnd -12.60
2 Average 461.749566613 kHz 32.28 L1l gnd -14.37
1 Quasi pPeak 530.769219795 kH=z 43.11 L1 gnd -1z2.88
1 Quasi Peak 790.243042258 kHz 41.61 L1 gnd -14.38
1 Quasi Peak 1.18832598484 MHz 40.72 L1 gnd -15.26
1l Quasi Peak 1.52395221823 MHz 39.85 L1 gnd -16.14
1 puasi Peak 1.78685382697 MHz 39.77 L1 gnd -16.22
1 Quasi pPeak 21.9330750235 MH=z 45.39 N gnd -14.60
2 Average 21.9330750235 MHz 36.59 N gnd -13.40

Figure 58 — Conducted EMI, 66 V LED Load, 230 VAC, 60 Hz, and EN55015 B Limits.

Power Integrations, Inc.
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14 Line Surge

The unit was subjected to +2500 V 100 kHz ring wave and =1 kV differential surge at 230
VAC using 10 strikes in each condition. A test failure was defined as a non-recoverable
interruption of output requiring supply repair or recycling of input voltage.

Level i Injection i Test Result
Voltage . Phase Type .
(V) (VAC) Location ©) (Pass/Fail)
100 kHz Ring
+2500 230 L1, L2 0 Wave (200 A) Pass
100 kHz Ring
-2500 230 L1, L2 0 Wave (200 A) Pass
100 kHz Ring
+2500 230 L1, L2 90 Wave (200 A) Pass
100 kHz Ring
-2500 230 L1, L2 90 Wave (200 A) Pass
Level R Injection HjECHok Test Result
Voltage . Phase Type .
(V) (VAC) Location ©) (Pass/Fail)
+1kV 230 L1, L2 0 Surge (29Q) Pass
-1kV 230 L1, L2 0 Surge (29Q) Pass
+1kV 230 L1, L2 90 Surge (29) Pass
-1kV 230 L1, L2 90 Surge (29) Pass
2012/05/24 13:32:00 NORM:200MS /s 50us fdiv
Stopped q (50us /div)
CHZ2=200V
DG 10001

Gl

Tracel: Max  §72.0¢ : : : :
Trace2: Max G72.0V : : : :

ar|

Figure 59 — Peak Rectified Input Voltage (Trace 1) and U1 Drain Voltage During (Trace 2) 90° 1 kV
Differential Surge at the Input.

Power Integrations
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15 Revision History
Date Author Revision | Description and Changes Reviewed
22-Aug-12 | CA 1.0 Initial Release Apps & Mktg
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