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prototype board.

Power Integrations
Tel: +1 408 414 9200 Fax: +1 408 414 9201
Page 3 of 57

www.powerint.com



DER-297 4.5 W Buck-Boost Power Supply Using LNK458KG 17-Feb-12

1 Introduction

This document is an engineering report describing a non-isolated LED driver (power
supply) utilizing a LNK458KG from the LinkSwitch-PL family of devices.

The DER-297 provides a single constant current output with an output power of 4.5 W.
The board can be easily configured for output voltages from 35 V to 100 V as shown in
the example table below.

The key design goals were high efficiency and small size, enabling the driver to fit into
candelabra and B10 sized lamps and maximize efficacy.

utput 35 Vnom/ 130 mA | 48 Vyom/ 93 mA | 48 Vyom/ 60 mA | 96 Vyom/ 45 mA
Part 1n285% 1287% 1286% 1287%
L3 (DC-DC Inductor) 330 uH 500 uH 725 uH 725 uH
R3 (Sense Resistor) 220 3.090 4.87 Q 6.49 O
C7 (Output Capacitor) 22 uF /50 V 22 uF /63 V 22 uF /63 V 10 uF /200 V
VR1 (Open Load Zener 47V 56V 56V 110 V
Clamp)
Reference Document RDR-271 DER-297 DER-297 DER-297

The board was optimized to operate over the low AC input voltage range (85 VAC to 132
VAC, 47 Hz to 63 Hz). LinkSwitch-PL based designs provide a high power factor (>0.95)
meeting current international requirements.

The form factor of the board was chosen to meet the requirements for standard B10 LED
replacement lamps. The output is non-isolated and requires the mechanical design of the
enclosure to isolate the output of the supply and the LED load from the user.

The design was not optimized for operation with phase controlled (TRIAC) dimmers but
this is possible with some modification and a resultant reduction in efficiency.

The document contains the power supply specification, schematic, bill of materials,
transformer documentation, printed circuit layout, design spreadsheet and performance
data.

Power Integrations, Inc.
Tel: +1 408 414 9200 Fax: +1 408 414 9201
www.powerint.com
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Figure 2 — Size of a Populated Circuit Board. Bottom Side
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2 Power Supply Specifications

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

2.1 48V, 93 mA Version

Description Symbol | Min Typ | Max | Units Comment
Input
Voltage Vin 85 115 132 VAC 2 Wire —no P.E.
Frequency fune 47 50/60 63 Hz
Power Factor 0.9 At anv line inout vort
any line input voltage

%ATHD 20
Output
Output Voltage Vour 48 Y,
Output Current lout 87 93 97 mA
Total Output Power
Continuous Output Power Pout 4.5 W
Efficiency
Nominal n 87 % Measured at Poyr25°C at 115 VAC
Environmental
Conducted EMI Meets CISPR22B / EN55015
Line Surge 1.2/50 us surge, IEC 1000-4-5,

Differential Mode (L1-L2) ! KV Doones Impedance:
Ring Wave (100 kHz) 25 2 Q short-circuit

Differential Mode (L1-L2) : kV Series Impedance

g Power Integrations, Inc.
Tel: +1 408 414 9200 Fax: +1 408 414 9201
www.powerint.com Page 6 of 57
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2.2 48V, 60 mA Version

Description Symbol | Min Typ | Max | Units Comment
Input
Voltage Vin 85 115 132 VAC 2 Wire —no P.E.
Frequency fune 47 50/60 63 Hz
Power Factor 0.9 At any line input voltage
%ATHD 25
Output
Output Voltage Vour 48 \Y
Output Current lour 56 60 64 mA
Total Output Power
Continuous Output Power Pour 29 W
Efficiency
Nominal n 86 % Measured at Poyr25°C at 115 VAC

Environmental
Conducted EMI

Line Surge
Differential Mode (L1-L2)

Ring Wave (100 kHz)
Differential Mode (L1-L2)

Meets CISPR22B / EN55015

2.5

kV

kV

1.2/50 ps surge, IEC 1000-4-5,
Series Impedance:
Differential Mode: 2 Q

2 Q short-circuit
Series Impedance

Page 7 of 57

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

Power Integrations

E

www.powerint.com



DER-297 4.5 W Buck-Boost Power Supply Using LNK458KG 17-Feb-12
2.3 96 V, 45 mA Version
Description Symbol | Min Typ | Max | Units Comment
Input
Voltage Vin 85 115 132 VAC 2 Wire —no P.E.
Frequency fune 47 50/60 63 Hz
Power Factor 0.9 At anv line inout vort
any line input voltage

%ATHD 20
Output
Output Voltage Vour 96 Y,
Output Current lout 42 45 48 mA
Total Output Power
Continuous Output Power Pout 4.3 W
Efficiency
Nominal n 87 % Measured at Poyr25°C at 115 VAC
Environmental
Conducted EMI Meets CISPR22B / EN55015
Line Surge 1.2/50 us surge, IEC 1000-4-5,

Differential Mode (L1-L2) 1 KV Loones Impedance:
Ring Wave (100 kHz) 25 2 Q short-circuit

Differential Mode (L1-L2) : kV Series Impedance

E

www.powerint.com
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3 Schematic
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Figure 3a — 48 V, 93 mA Schematic.
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Figure 3b — 48 V, 60 mA Schematic.
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Figure 3c — 96 V, 45 mA Schematic.
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4 Circuit Description

The LinkSwitch-PL (U1) is a highly integrated primary side controller intended for use in
LED driver applications. The LinkSwitch-PL provides high power factor in a single-stage
conversion topology while regulating the output current across a range of input (85 VAC -
132 VAC) and output voltage variations typically encountered in LED driver applications.
All of the control circuitry responsible for these functions plus a high-voltage power
MOSFET are incorporated into the IC.

Important Note: The driver must always be connected to a load. Operating unloaded will
cause the output overvoltage (OV) Zener diode VR1 to fail shorted (as designed). Once
VR1 is shorted, the LinkSwitch-PL operates in auto-restart limiting the circuit dissipation
to very low levels. This simple 0 V approach was taken to reduce component count,
important due to space constraints of the design. An auto-recovering OV circuit can be
implemented if desired, by replacing VR1 with and SCR, configured to a trigger above the
normal output voltage range.

4.1 Input EMI Filtering

Fuse F1 provides protection against component failure. A fast 5 A rating (this being
relatively high) was needed to prevent false opening during line surges. The maximum
input voltage is clamped by RV1 and by VR2 (TVS) during differential line surges. Zener
diode VR2 can be removed for a differential line surge requirement of <500 V.

The AC input is full wave rectified by BR1 (vs. half wave) to achieve good power factor
and THD.

Capacitor C1, C2, C3 and differential choke L1 and L2 perform EMI filtering while the
limited total capacitance maintains high power factor. This input 2-r filter network plus the
frequency jittering feature of LinkSwitch-PL allows compliance with Class B emission
limits. Provisional resistors R1 and R2 can be used to damp the resonance of the EMI
filter if needed, preventing peaks in the EMI spectrum when measured in a system (driver
plus enclosure).

e Inductor L1 and L2 are positioned after the bridge to avoid an imbalance in the EMI
scan between line and neutral. This also gives leeway to use small high-voltage
ceramic capacitors in the input filter.

e Film capacitor C2 can be increased from 68 nF to 100 nF to achieve more than
10 dBuV margin.

4.2 Buck Boost using LinkSwitch-PL

The buck boost power train is composed of U1 (power switch + control), D2 (free-
wheeling diode), C7 (output capacitor), and L3 (inductor). Diode D1 was used to prevent
negative voltage appearing across the drain-source of U1 especially near the zero-
crossing of the input voltage. Capacitor C8 reduces the RMS current through RS3,

g Power Integrations, Inc.
Tel: +1 408 414 9200 Fax: +1 408 414 9201
www.powerint.com Page 10 of 57
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improving efficiency. The bypass capacitor C4 provides the internal supply for the device
when the power MOSFET is on.

e Diode D1 is a low drop diode (Schottky) type to maximize efficiency.
e Inductor L3 winding construction and wire gauge are optimized to minimize inter-
winding capacitance and reduces AC losses.

4.3 Output Feedback

The output current feedback is sensed on the voltage drop across R3 and then filtered by
a low pass filter (R4 and C5) to keep the LinkSwitch-PL operating point such that the
average FEEDBACK (FB) pin voltage is 290 mV in steady-state operation.

4.4 Disconnected Load Protection

In order to avoid catastrophic failure of the output capacitor (C7) if the load is not
connected, the output is protected by VR1. Zener diode VR1 will short the output if the
load is not connected; this protection is not auto-recovering. Zener diode VR1 must be
replaced in order to reuse the LED driver. Note that at the system level the LED load is
always connected. If the system will be potted or enclosed tightly, VR1 might not be
required.

Another option shown in Figure 6 is an auto-restart overvoltage protection. Zener VR1 is
connected to Vour+ and in series with blocking diode D3. If a no-load condition is present
on the output of the supply, the output overvoltage Zener diode (VR1 in Figure 6) will
conduct once its threshold is reached. A voltage VOV in excess of Vrgnar) = 2 V will
appear across the FB pin and the IC will enter auto-restart.

This was not implemented due to PCB space constraint.

N cs
LinkSwitch-PL D3
u = 1 DL4006
LNKa58KG |2 —1]Fe 4 K
o
D1 z =~ 'L . 2.0
DFLS160-7 | © T 16V T S00 R sodkn 3
—q 'S 8 AAA 1 o
D S vy N et
D2
I USTK-13-F RTN
[
cs
2.2 uF
3
c2 L IR L3 o7 | VR
= EE10 22 uF 32 BZX79-C68
190 0F SNIESIES0k: 725 uH 63V 68V

J4
+
* - O
48V, 90 mA

P1-6598-110711

Figure 4 — Auto-Restart Overvoltage Protection with Buck-Boost Configuration.
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g

[16 11018, 721

i

5 PCB Layout

Figure 6 — Top Printed Circuit Layout.
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Figure 7 — Bottom Printed Circuit Layout.
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6 Bill of Materials
The table below is the reference design BOM.
6.1 48V, 93 mA Version
Item | Qty | RefDes | Description Mfg Part Number Manufacturer
1 1 BR1 2?53’"00'5 A, Bridge Rectifier, SMD, MBS-1, MB6S-TP Micro Commercial
2 1 C1 33 nF, 630 V, Ceramic, X7R, 1210 GRM32DR72J333KW01L Murata
3 1 C2 68 nF, 250 V, Polyester Film ECQ-E2683KB Panasonic
4 1 C3 100 nF, 500 V, Ceramic, X7R, 1812 VJ1812Y104KXEAT Vishay
5 2 C4C5 1 uF, 16 V, Ceramic, X5R, 0603 GRM188R61C105KA93D Murata
6 1 c7 (2623{15 ﬁ3é)E'eC”°'V“C’ Low ESR, 1000 mQ, ELXZ630ELL220MFB5D | Nippon Chemi-Con
7 1 C8 2.2 uF, 10 V, Ceramic, X7R, 0805 GRM21BR71A225MA01L Murata
8 1 D1 60V, 1 A, DIODE SCHOTTKY, PWRDI 123 DFLS160-7 Diodes, Inc.
9 1 D2 400V, 1 A, DIODE SUP FAST 1A PWRDI 123 DFLU1400-7 Diodes, Inc.
10 1 F1 5 A, 250V, Fast, Microfuse, Axial 0263005.MXL LittleFuse
11 2 L1L2 1200 pH, 0.060 A RL-5480-1-1200 Renco
12 1 L3 Custom made EE10 Inductor, 500uH TF-1003 Taiwan Shulin
13 1 R3 3.09 Q, 1%, 1/8 W, Thick Film, 0805 RCO0805FR-073R09L Yageo
14 1 R4 3.3 kQ, 5%, 1/10 W, Thick Film, 0603 ERJ-3GEYJ332V Panasonic
15 1 RV1 140V, 12 J, 7 mm, RADIAL V140LA2P Littlefuse
16 1 U1 LinkSwitch-PL, eSOP-12P LNK458KG Power Integrations
17 1 VR1 56 V, 500 mW, 5%, DO-35 BZX79-C56 Taiwan Semi
18 1 VR2 350V, 400 W, 5%, DO214AC (SMA) SMAJ350A LittleFuse

6.2 48V, 60 mA Version
Make the following changes to modify the design from 48 V, 93 mA to 48 V, 60 mA.

Item Qty Ref Des | Description Mfg Part Number Manufacturer
1 1 L3 Custom made EE10 Inductor, 725 puH TF-1003 Taiwan Shulin
2 1 R3 4.87 Q, 1%, 1/8 W, Thick Film, 0805 RCO0805FR-074R87L Yageo

6.3 96 V, 45 mA Version
Make the following changes to modify design from 48 VV, 93 mA to 96 V, 45 mA.

ltem Qty Ref Des | Description Mfg Part Number Manufacturer
1 1 C7 10 pF, 200 V, Electrolytic, (8 x 11) SMQ200VB10RM8X11LL Nippon Chemi-Con
2 1 L3 Custom made EE10 Inductor, 725 puH TF-1003 Taiwan Shulin
3 1 R3 6.49 Q, 1%, 1/8 W, Thick Film, 0805 RCO0805FR-076R49L Yageo
4 1 VR1 110 V, 5%, 500 mW, DO-35 1N5272B-TP Micro Commercial

E
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7 Inductor Specification

7.1 Electrical Diagram

3 [ ] 3 [ ]
95T - 2x 33AWG 105T - 2x 33AWG
1 1

Figure 8 — 48 V Inductor Electrical Diagram. Figure 9 — 96 V Inductor Electrical Diagram.

7.2 Electrical Specifications

Primary Inductance Pins 1-3, all other windings open, measured at 100 kHz, 0.4 Vrus

48V, 93 mA Version 500 pH £5%

96 V, 45 mA /48 V, 60 mA Versions | 725 uH 5%

7.3 Materials

Item Description
[1] Core: EE10/PC40
2] Bobbin: EE10, Horizontal, 8 pins, (4/4), Taiwan Shulin Enterprise Co., Ltd. or Kunshan
Fengshunhe Electronics Co., Ltd Equivalent
[3] Magnet Wire: 2 x #33 AWG
[4] Loctite Super Glue Control Gel

Power Integrations E
Tel: +1 408 414 9200 Fax: +1 408 414 9201
Page 15 of 57 www.powerint.com
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7.4 Inductor Build Diagram

——C000080

§§ Q‘..‘..““§

\ N\l 2X#33AWG

§ “.‘.‘....‘§§ 95T (48V Version)

105T (96V Version)

07
%

(RN

Add 1 layer of tape
N between each winding

Figure 10 — Inductor Build Diagram.

7.5 Inductor Construction

General Note

For the purpose of these instructions, bobbin is oriented on winder such that pin 1 side
is on the left (Figure 10). Winding direction is counter-clockwise.

Start at pin 3. Wind enough turns of item [3] as shown in Figure 10 with 1 layer of tape

WD1 between the windings. Continue winding and terminate at pin 1. Note: eliminating the
tape between layers will increase capacitance and reduce driver efficiency
Grind the core to get the specified inductance. Apply tape to secure both cores. Cut
Finish pins 2, 4, 5, 6, 7 and 8. Apply adhesive item [4] to core and bobbin to prevent core

movement.

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

8.1 48 V Inductor Design Spreadsheet

Power Supply INFO OUTPUT|UNIT LinkSwitch-PL Buck-boost Inductor Design Spreadsheet

VACMIN 85 85 \% Minimum AC input voltage

VACNOM 115 115 \% Nominal AC input voltage

VACMAX 132 132 \% Maximum AC input voltage

FL 60 60 Hz Minimum line frequency

VO_MIN 40.00 40.0 \Y Minimum output voltage tolerance

VO_NOM 48.00 48.00 \Y Nominal Output Voltage

VO_MAX 54.00 54.00 \Y Maximum output voltage tolerance

10 0.093 0.093 A Average output current specification

n 0.85 0.850 %/100 |Total power supply efficiency

z 0.5 Loss allocation factor

Enclosure _ Retrofit Enclosure selections determines thermal conditions and maximum
Retrofit Lamp Lamp power

PO 4.46 w Total output power

VD 0.40 0.4 \% Output diode forward voltage drop

LinkSwitch-PL DESIGN VARIABLES

Device LNK458 LNK458 Chosen LinkSwitch-PL Device

TON 1.85 us Expected on-time of MOSFET at low line and PO

FSW 106.6 kHz Expected switching frequency at low line and PO

Duty Cycle 19.8 % Expected operating duty cycle at low line and PO

VDRAIN 262 \% Estimated worst case drain voltage at VACMAX and VO_MAX

IRMS 0.108 A Nominal RMS current through the switch

IPK 0.691 A Worst Case Peak current

ILIM_MIN 1.012 A Minimum device current limit

KDP 1.22 1.21 Ratio between off-time of switch and reset time of core at VACNOM

Device LNK458 LNK458 Chosen LinkSwitch-PL Device

LinkSwitch-PL EXTERNAL COMPONENT CALCULATIONS

RSENSE 3.118 Ohms  |Output current sense resistor
Stendard 309 | Ohms |Closest 1% value for RSENSE
PSENSE 27.0 mW Power dissipated by RSENSE
ENTER TRANSFORMER CORE/CONSTRUCTION VARIABLES

Core Type EE10 EE10 Core Type

Core Part Number Custom Core Part Number (if Available)
E’lzﬂ)égrpan Custom Bobbin Part Number (if available)
AE 12.10 12.10 mm”*2 |Core Effective Cross Sectional Area
LE 26.10 26.10 mm Core Effective Path Length

AL 850 850 nH/TA2 |Ungapped Core Effective Inductance
BW 6.00 6 mm Bobbin Physical Winding Width

L 5 5 Number of winding layers

TRANSFORMER PRIMARY DESIGN PARAMETERS

LP

497.9

uH

Primary Inductance

LP Tolerance

5

%

Tolerance of Primary Inductance

Page 17 of 57
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N 5.00 95 Turns  |Number of Turns

ALG 95 55 nH/TA2 |Gapped Core Effective Inductance

BM 2992 Gauss R_educe BM < 3000 G. Decrease BP (increase NP) or increase core
size.

BAC 146 Gauss \Iéveoarlf; case AC Flux Density for Core Loss Curves (0.5 X Peak to

8P Waming | sgss | G255 |selacing a bigger coro or docreasing KDP! Seo note below

LG 0.276 mm Gap Length (Lg > 0.1 mm)

BWE 30 mm Effective Bobbin Width

L_IRMS 0.257 A RMS Curren through the inductor

oD 0.32 mm Maximum Primary Wire Diameter including insulation

INS 0.05 mm Estimated Total Insulation Thickness (= 2 * film thickness)

DIA 0.26 mm Bare conductor diameter

AWG 30 AWG  |Primary Wire Gauge (Rounded to next smaller standard AWG value)

CM 102 Cmils [Bare conductor effective area in circular mils

CMA 396 |Cmils/Amp|Primary Winding Current Capacity (200 < CMA < 500)

Current Density

) 5.04 A/mmA2 |Inductor Winding Current density (3.8 <J < 9.75 A/mm*2)

Output Parameters

10 0.093 A Expected Output Current

PIVS 59.8 \% Peak Inverse Voltage at VO_MAX on output diode

Note: Peak flux density is limited by slowly increasing the duty cycle of LinkSwitch-PL
family during start-up.

8.2 96 V Inductor Design Spreadsheet

Power Supply INFO OUTPUT |UNIT LinkSwitch-PL Buck-boost Inductor Design Spreadsheet
VACMIN 85 85 \% Minimum AC input voltage

VACNOM 115 115 \% Nominal AC input voltage

VACMAX 132 132 \% Maximum AC input voltage

FL 60 60 Hz Minimum line frequency

VO_MIN 90.00 90.0 \Y Minimum output voltage tolerance

VO_NOM 96.00 96.00 \% Nominal Output Voltage

VO_MAX 105.00 105.00 \% Maximum output voltage tolerance

10 0.045 0.045 A Average output current specification

n 0.85 0.850 %/100 |Total power supply efficiency

4 0.5 Loss allocation factor

Enclosure R;_ztrr:gt Ff_zt::gt Enclosure selections determines thermal conditions and maximum power
PO 4.32 W Total output power

VD 0.40 0.4 \% Output diode forward voltage drop

LinkSwitch-PL DESIGN VARIABLES

Device LNK458 LNK458 Chosen LinkSwitch-PL Device

TON 2.06 us Expected on-time of MOSFET at low line and PO

FSW 1221 kHz Expected switching frequency at low line and PO

Duty Cycle 252 % Expected operating duty cycle at low line and PO

VDRAIN 312 \% Estimated worst case drain voltage at VACMAX and VO_MAX
IRMS 0.094 A Nominal RMS current through the switch

IPK 0.517 A Worst Case Peak current

g Power Integrations, Inc.
Tel: +1 408 414 9200 Fax: +1 408 414 9201
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ILIM_MIN 1.012 A Minimum device current limit

KDP 1.25 1.76 Ratio between off-time of switch and reset time of core at VACNOM
Device LNK458 LNK458 Chosen LinkSwitch-PL Device

LinkSwitch-PL EXTERNAL COMPONENT CALCULATIONS

RSENSE 6.444 Ohms  |Output current sense resistor

gtggﬁgg 6.49 Ohms |Closest 1% value for RSENSE

PSENSE 13.1 mw Power dissipated by RSENSE

ENTER TRANSFORMER CORE/CONSTRUCTION VARIABLES

Core Type EE10 EE10 Core Type

ﬁﬁ::szrt Custom Core Part Number (if Available)

Eﬁt;:ﬂr;rpart Custom Bobbin Part Number (if available)

AE 12.10 12.10 mm”*2 |Core Effective Cross Sectional Area

LE 26.10 26.10 mm Core Effective Path Length

AL 850 850 nH/TA2 |Ungapped Core Effective Inductance

BW 6.00 6 mm Bobbin Physical Winding Width

L 5 5 Number of winding layers

TRANSFORMER PRIMARY DESIGN PARAMETERS

LP 728.7 uH Primary Inductance

LP Tolerance 5.00 5 % Tolerance of Primary Inductance

N 105 105 Turns  |Number of Turns

ALG 66 nH/TA2 |Gapped Core Effective Inductance

BM Info 2964 Gauss |Reduce BM < 3000 G. Decrease BP (increase NP) or increase core size.
BAC 1482 Gauss |Worst case AC Flux Density for Core Loss Curves (0.5 X Peak to Peak)
o oring | prsg | Goues[Qctiee Pk o ey (6P <5500 O] b g P g 2
LG 0.230 mm Gap Length (Lg > 0.1 mm)

BWE 30 mm Effective Bobbin Width

L_IRMS 0.166 A RMS Curren through the inductor

oD 0.29 mm Maximum Primary Wire Diameter including insulation

INS 0.05 mm Estimated Total Insulation Thickness (= 2 * film thickness)

DIA 0.23 mm Bare conductor diameter

AWG 31 AWG  [Primary Wire Gauge (Rounded to next smaller standard AWG value)
CM 81 Cmils [Bare conductor effective area in circular mils

CMA 486 Cmils/Amp [Primary Winding Current Capacity (200 < CMA < 500)

8L;rrent Density 4.1 A/mm*2 |Inductor Winding Current density (3.8 <J < 9.75 A/mm*2)

Output Parameters

10 0.045 A Expected Output Current

PIVS 115.9 \% Peak Inverse Voltage at VO_MAX on output diode

Note: The peak flux density warning (BP) can be ignored for this design. The spreadsheet BP calculation
assumes that the LNK458KG will operate at I immax) during start-up. In practice, due to the internal soft-start
function this current level is not reached and therefore no core saturation occurs. This was confirmed in
both Figures 31 and 32 for normal start-up and Figures 45 and 46 for start-up with a shorted output (fault
condition). In all cases, the peak drain current is below the absolute maximum data sheet specification.
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9 Performance Data

All measurements performed at 25 °C room temperature, 60 Hz input frequency unless
otherwise specified.

9.1 Active Mode Efficiency
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Figure 11 — Efficiency with Respect to AC Input Voltage for 48 V, 93 mA Version.
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Figure 12 — Efficiency with Respect to AC Input Voltage for 48 V, 60 mA Version.
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Figure 13 — Efficiency with Respect to AC Input Voltage for 96 V Version.
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9.2 Line Regulation

The LinkSwitch-PL device regulates the output by controlling the MOSFET on-time and
switching frequency to maintain the average FB pin at its 0.29 V threshold. Slight
changes in output current may be observed when input or output conditions are changed
or after AC cycling due to the device selecting a slightly different operating state
(selection of on-time and frequency).
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Figure 14 — Line Regulation, Room Temperature for 48 V, 93 mA Version.
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Figure 15 — Line Regulation, Room Temperature for 48 V, 60 mA Version.
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Figure 16 — Line Regulation, Room Temperature for 96 V Version.
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9.3 Power Factor
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Figure 17 — High Power Factor within the Operating Range for 48 V, 93 mA Version.
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Figure 18 — High Power Factor within the Operating Range for 48 V, 60 mA Version.
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Figure 19 — High Power Factor within the Operating Range for 96 V Version.
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Figure 20 — Very Low %ATHD within the Operating Range for 48 V, 93 mA Version.
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Figure 21 — Very Low %ATHD within the Operating Range for 48 V, 60 mA Version.
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Figure 22 — Very Low %ATHD within the Operating Range for 96 V Version.
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9.5 Harmonic Measurements

9.5.1 48V, 93 mA Version

\' Freq 1 (mA) P PF
115 60.00 46.11 5.2537 0.9504
nth mA % Limit Remarks

Order | Content | Content | <25 W

1 44.16

2 0.05 0.10%

3 1.85 4.20% | 35.7252 Pass

5 2.30 5.20% | 19.9641 Pass

7 2.32 5.24% | 10.5074 Pass

9 2.70 6.10% 5.2537 Pass

11 2.04 4.62% 3.6776 Pass

13 1.75 3.96% 3.1118 Pass

15 0.96 217% 2.6969 Pass
17 0.48 1.09% 2.3796 Pass
19 0.25 0.57% 2.1291 Pass
21 0.46 1.04% 1.9264 Pass
23 0.64 1.46% 1.7588 Pass
25 0.42 0.95% 1.6181 Pass
27 0.26 0.60% 1.4983 Pass
29 0.09 0.20% 1.3949 Pass
31 0.35 0.79% 1.3050 Pass
33 0.35 0.79% 1.2259 Pass
35 0.36 0.81% 1.1558 Pass
37 0.43 0.98% 1.0933 Pass
39 0.36 0.81% 1.0373 Pass

E
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36 1§ ETHD mLimit

5 20

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

Figure 23 — Meets EN61000-3-2 Harmonics Contents Standards for <25 W Rating for 48 V, 93 mA
version.
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9.5.2 48V, 60 mA Version

\' Freq I (mA) P PF
115 60.00 30.61 3.2615 0.8888
nth mA % Limit Remarks

Order | Content | Content | <25 W

1 28.46

2 0.03 0.10%

3 3.09 10.84% | 22.1782 Pass

5 3.67 12.89% | 12.3937 Pass

7 3.01 10.56% | 6.5230 Pass

9 2.24 7.86% 3.2615 Pass
11 0.84 2.93% 2.2831 Pass
13 0.19 0.67% 1.9318 Pass
15 0.38 1.32% 1.6742 Pass
17 0.56 1.96% 14773 Pass
19 0.23 0.81% 1.3218 Pass
21 0.29 1.01% 1.1959 Pass
23 0.51 1.77% 1.0919 Pass
25 0.71 2.48% 1.0045 Pass
27 0.65 2.28% 0.9301 Pass
29 0.55 1.92% 0.8660 Pass
31 0.62 217% 0.8101 Pass
33 0.49 1.71% 0.7610 Pass
35 0.33 1.16% 0.7175 Pass
37 0.27 0.93% 0.6787 Pass
39 0.21 0.72% 0.6439 Pass

E
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Figure 24 — Meets EN61000-3-2 Harmonics Contents Standards for <25 W Rating for 48 V, 60 mA version.
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9.5.3 96V, 45 mA Version

\' Freq 1 (mA) P PF
115 60.00 43.68 4.9460 0.9446
nth mA % Limit Remarks

Order | Content | Content | <25 W

1 42.07

2 0.05 0.12%

3 2.19 5.21% | 33.6328 Pass

5 3.63 8.63% | 18.7948 Pass

7 2.63 6.26% 9.8920 Pass

9 2.53 6.01% 4.9460 Pass
11 1.83 4.34% 3.4622 Pass
13 0.23 0.55% 2.9296 Pass
15 0.64 1.51% 2.5389 Pass
17 0.75 1.79% 2.2402 Pass
19 0.63 1.51% 2.0044 Pass
21 0.18 0.43% 1.8135 Pass
23 0.59 1.39% 1.6558 Pass
25 0.52 1.24% 1.5234 Pass
27 0.60 1.43% 1.4105 Pass
29 0.67 1.59% 1.3132 Pass
31 0.66 1.57% 1.2285 Pass
33 0.57 1.36% 1.1541 Pass
35 0.38 0.91% 1.0881 Pass
37 0.43 1.01% 1.0293 Pass
39 0.24 0.58% 0.9765 Pass
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Figure 25 — Meets EN61000-3-2 Harmonics Contents Standards for <25 W Rating for 96 V, 45 mA
Version.
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9.6 Thermal Scans
The scan is conducted at ambient temperature of 25 °C, 85 VAC / 47 Hz input.

Spz 44.4 |

. .
Sp2 43.1
- B

48 V Design Configuration 96 V Design Configuration
Figure 26 — U1 Case Temperature (Sp1). Figure 27 — U1 Case Temperature (Sp1).
D1 Case Temperature (Sp2). D1 Case Temperature (Sp2).

1 5p248.5 |I8 .
. -
Sp5 7.1 [ Sp6 38.5 I - [Sp3 423 |
e Spa 40.0

g

‘
\
-- A

48 V Design Configuration 96 V Design Configuration

Figure 28 — D2 Case Temperature (Sp1). Figure 29 — D2 Case Temperature (Sp1).
L3 Core Temperature (Sp2). L3 Core Temperature (Sp2).
C7 Output Capacitor (Sp3). C7 Output Capacitor (Sp3).
BR1 Bridge Rectifier (Sp4). BR1 Bridge Rectifier (Sp4).
L1 Differential Choke (Sp5). L1 Differential Choke (Sp5).
L2 Differential Choke (Sp6). L2 Differential Choke (Sp6).
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10 Waveforms

10.1 Drain Voltage and Current, Normal Operation

L e i ¥

eeeeee P1:max(C2) P2Max(C3)
va\ue 208 v 621 mA

97372011 4:56:05 P

48 V Design Configuration
Figure 30 — 85 VAC / 47 Hz, 48 V LED String.
Ch2: VDRAIN: 100 V / div.
Ch3: IDRAIN; 0.2 A/ div.
Time Scale: 5 ms / div.
Zoom Time Scale: 10 us / div.

IR IR eI e e

eeeeee PZmax(C3;
value 259 v 508 mA

LeCroy

96 V Design Configuration
Figure 31 — 85 VAC / 47 Hz, 96 V LED String.
Ch2: VDRAIN: 100 V / div.
Ch3: IDRAINy 0.2 A/ div.
Time Scale:5 ms / div.
Zoom Time Scale: 10 us / div.
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48 V Design Configuration
Figure 32 — 132 VAC / 63 Hz, 48 V LED String.
Ch2: VDRAIN: 100 V / div..
Ch3: IDRAIN; 0.2 A/ div.
Time Scale: 5 ms / div.
Zoom Time Scale: 10 us / div.
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Measure P12 max CZ P2max(C3)
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LeCroy
96 V Design Configuration
Figure 33 — 132 VAC / 63 Hz, 96 V LED String.
Ch2: VDRAIN: 100 V / div..
Ch3: IDRAINy 0.2 A/ div.
Time Scale: 5 ms / div.
Zoom Time Scale: 10 ps / div.

imebagse 10003

91372011 10:24:27 AM

Page 39 of 57

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



DER-297 4.5 W Buck-Boost Power Supply Using LNK458KG

17-Feb-12

10.2 Drain Voltage and Current Start-up Profile

File Verical Timebase Trigger Display Cursors Measure Math Analysis Utiities Help

File Vertical Timebase Trigger Display Cursors Measure Math Anabsis Utiities Help

PZMaNC3) P3--- Pa:-- Péi--- [
736 mA
v

Measure P1max(C2)
value 276y

Yy 91972011 4:33:13 PM
48 V Design Configuration
Figure 34 — 132 VAC / 60 Hz, 48 VV LED String.
Ch1: Vour, 10 V / div.
Ch2: Vps, 100 V / div.
Ch3: Iprain, 200 mA / div., 5 ms / div.

E—

Measure PLmax(C2) P2max(C3) P3:-- Pa:-- P5--- PG---
value 294V 352 mA
4 v

Figure 35 - 132 VAC / 60 Hz, 96 V LED String.
Ch1: Vour, 20 V / div.
Ch2: Vps, 100 V / div.
Ch3: Iprain, 200 mA / div., 5 ms / div.
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status

o = e : e
= = N
Measure P1manC2) PZManC3) P3--- Pé--- PE--- PE--- Measure PLmax(c2) P2max(C3) P3:-- P - PS--- PE---
244y 736 mA valug 294 352 mA
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<1 086

200V
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9792011 4:38:15 PM

LeCroy
48 V Design Configuration

Figure 36 — 132 VAC / 60 Hz, 48 V LED String.
Ch1: Voyr, 10 V / div.

Ch2, Z2: Vps, 100 V / div.

Ch3, Z4: IDRAINa 200 mA / div.

Time Scale: 5 ms / div.

Zoom Time Scale: 5 ps / div.

LeCroy
96 V Design Configuration
Figure 37 — 132 VAC / 60 Hz, 96 V LED String.
Ch1: Vour, 20 V / div.
Ch2, Z2: VVps, 100 V / div.
Ch3, Z4: IDRAIN: 200 mA / div.
Time Scale: 5 ms / div.
Zoom Time Scale: 10 pus / div.
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10.3 Output Voltage Start-up Profile

——

——
————

H 0.5 5
H2= 83.24B8ms 1= 11.0379Hz

HI= 5B.34ms 1/fH= 14.846 Hz

LeCroy 9/9/2011 4:08:07 PM LeCroy 1312011 10:49:58 AM

48 V Design Configuration 96 V Design Configuration
Figure 38 — 85 VAC / 60 Hz, 48 V LED Figure 39 — 85 VAC / 60 Hz, 96 V LED String.
Ch1: Vour, 10 V / div. Ch1: Vour, 20 V / div.
Ch2: Viy, 50 V / div. Ch2: V\y, 50 V / div.
Ch3: Iy, 100 mA / div. Ch3: Iy, 100 mA / div.
Ch4: loyt, 50 mA / div., 100 ms / div. Ch4: loyt, 50 mA / div., 100 ms / div.

X s
H2= 59.3380ms M= 155868 Hz

H2= -7.53ms 1= -23.546 HZ

LeCroy /972011 4:09:38 PM LeCroy 1302011 10:52:48 AM

48 V Design Configuration 96 V Design Configuration
Figure 40 — 132 VAC / 63 Hz, 48 V LED String. Figure 41 — 132 VAC / 63 Hz, 96 V LED String.
Ch1: Voyr, 10 V / div. Ch1: Vi, 20 V / div.
Ch2: Vi, 50 V / div. Ch2: Vour, 50 V / div.
Ch3: Iy, 100 mA / div. Ch3: Iy, 100 m A/ div.
Ch4: loyt, 50 mA / div., 100 ms / div. Ch4: loyt, 20 mA / div., 100 ms / div.
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File Verical Timebase Trigger Display Cursors Measure Maih Analysis Utiiies Help Zoom |

10.4 Input and Output Voltage and Current Profiles

File Vertical Timebase Trigger Display Cursors Measure Math Anabsis Utiities Help

o
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ANV ANAT AN AT ANNATE AW AW AW
VoV OV VOV VYV VN
o
Measure PTMAKCT) P2:rean(C1) P3:max(ce) P:rmin (G4) P&1MS(CY) [
value 56.3Y 50.08Y 176 mA 35mA 158V
stats v v v

0.
LeCroy

48 V Design Configuration
Figure 42 — 115 VAC / 50 Hz, 48 VV LED String.
Ch1: Vour, 20 V / div.
Ch2: V\y, 100 V / div.
Ch3: Iin, 50 mA / div.
Ch4: loyt, 50 mA / div., 10 ms / div.

9972011 6:24:40 P

Measure PLmax(C1) P2mean(C1) Pamax(C4) Pamin(C4) PEIMSC2 PG---
value 1088V 100,00V 738 mMA mA 1142%
statu o o o o 1

913/2011 10:58:32 A

LeCroy
96 V Design Configuration
Figure 43 — 115 VAC / 50 Hz, 96 V LED String.
Ch1: Vour, 20 V/ div.
Ch2: V\y, 100 V / div.
Ch3: IIN, 50 mA / div.
Ch4: loyt, 20 mA / div., 10 ms / div.

ANANANNANANANANNANANANANNAN V VWV an'\ \/ VAVI\VAV,\
. VV V \ .
VV VYV VEAVARVELVARV/ U/ ‘ ‘ | ‘
Measure P1maxiC1y PZimean(C1) PmanC4) P4min(C4) PEMmMs(C2) PE--- Measure P1max(C1) PZ:mean(C1) PImax(C4) P&min(C4 PErmsiC2y P&---
value 85TY 4978 170 mA 40 mA 1139V value 106.9Y 89.28V 70.9mA 18.4 mA 1143
status v v v v statu: 4 v

0 1

LeCroy

48 V Design Configuration
Figure 44 — 115 VAC / 60 Hz, 48 V LED String.
Ch1: Voyr, 20 V / div.

Ch2: Viy, 100 V / div.

Ch3: Iy, 50 mA / div.

Ch4: loyt, 50 mA / div., 10 ms / div

9792011 8:25:25 PM

LeCroy
96 V Design Configuration
Figure 45 — 132 VAC / 63 Hz, 96 V LED String.
Ch1: Vi, 50 V / div.
Ch2: Vour, 10 V / div.
Ch3: Iy, 50 m A/ div.
Ch4: loyt, 50 mA / div., 50 ms / div.
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10.5 Drain VoItage and Current Proflle w:th Output Shorted

fertical  Timebase Trigger Display Cursors Measure Math Analsis Utiiies Help

ertical Timehase Trigger Display Cursors Measure Math Anaiysis Utiities Help

Measure P1MAKC2) PZMANC3) P ma(C4) Pa-- Péi--- P---
value 235 1424 = 1.007 &

status U v

LeCroy 9972011 5:12:31 PM

48 V Design Conflguratlon

Figure 46 — 132 VAC / 63 Hz, Output Shorted.
Ch2: VDRAIN: 100 V / div.
Ch3: IDRAIN; 0.5 A/ div.
Ch4: Vsource, 1 A/ div., 5 ms/ div.

Al
i
Measure P1:mak(C2) P2max(C3) PImMaK(C4) Pa--- Pg--- [
valug 243V 795 mA. 812mA
stat. v v

g silive]
LeCroy 1302011 11:11:40 AM

96 V Design Configuration

Figure 47 — 132 VAC / 63 Hz, Output Shorted.
Ch2: VDRAlN: 100 V / div.
Ch3: IDRAIN, 0.5 A/ div.
Ch4: Vsource, 0.5 A/ div., 5 ms/ div.

w ‘HH i

J}' | e

J

Measure PTMaKCa) PZMAN(C3) PEmaK(Ca) Pa--- Pi--- PEi---
valug 235V 1124 =1.007 A
status [ v

1.00 Al

1.0000 A|

/92011 51317 PM

LeCroy
48 V Design Configuration
Figure 48 — 132 VAC / 63 Hz, Output Shorted.
Ch2: VDRAINy 100 V / div.
Ch3: IDRAIN; 0.5 A/ div.
Ch4: Vsource, 1 A/ div., 500 ps / div.

Measure PLmax(C2) P2max(C3) PImax(C4)
valug 243V 796 A, 812mA
status & v v

LeCroy 91302011 11:13:16 AM

96 V Design Conf|gurat|on

Figure 49 — 132 VAC / 63 Hz, Output Shorted.
Ch2: VDRAIN: 100 V / div.
Ch3: IDRAIN, 0.5 A/ div.
Ch4: Vsource, 0.5 A/ div., 500 ps / div.
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10.6 Line Transient Response

LeCroy Le
48 V Design Configuration 96 V Design Configuration
Figure 50 — 115 VAC / 50 Hz, Figure 51 — 115 VAC / 50 Hz,
300 ms On — 300 ms Off. 300 ms On — 300 ms Off.
Load: 48 V LED String. Load: 96 V LED String.
Ch1: Voyr, 20 V / div. Ch1: Vour, 50 V / div.
Ch2: V\y, 200 V / div. Ch2: V|, 200 V / div.
Ch4: loyt, 50 mA / div., 1 s/ div. Ch4: loyt, 20 mA / div., 1 s/ div.

9792011 5:39.01 PM 91372011 11:26:12 A

48 V Design Configuration 96 V Design Configuration

Figure 52 — 115 VAC / 50 Hz, Figure 53 — 115 VAC / 50 Hz,
1s On-—1s Off. 1s0On-1s Off.
Load: 48 V LED String. Load: 96 V LED String.
Ch1: Vour, 20 V / div. Ch1: Voyr, 50 V/ div.
Ch2: V|y, 200 V / div. Ch2: V\y, 200 V / div.
Ch4: loyt, 50 mA / div., 5 s/ div. Ch4: loyt, 20 mA / div., 5 s/ div.

g Power Integrations, Inc.
Tel: +1 408 414 9200 Fax: +1 408 414 9201
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48V Design Configuration 96 V Design Configuration

Figure 54 — 115 VAC / 50 Hz, 1 Cycle Drop-out. Figure 55 — 115 VAC / 50 Hz, 1 Cycle Drop-out.
Load: 48 V LED String. Load: 96 V LED String.
Ch1: Vour, 20 V / div. Ch1: Vour, 50 V / div.

Ch2: V|, 200 V / div. Ch2: V|, 200 V / div.
Ch4: loyt, 50 mA / div., 100 ms / div. Ch4: loyr, 20 mA / div., 100 ms / div.

_12
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10.7 Brown-out

Input voltage slew rate of 0.1 V / s from 85-0-85 VAC / 50 Hz line input variation; no failure observed.

EEEEEE Pimax(C1) P2mean(C1) P3max(C4) Pamin(C4) PSrmsiCh
value s7.0V 4248V 229 mA =-6mA 552
status v v 4 v

LeGroy T LeCroy

48 V Design Configuration 96 V Design Configuration

Figure 56 — 85 VAC / 50 Hz, 48 V LED String. Figure 57 — 85 VAC / 50 Hz, 96 V LED String.
Below 50 VAC the peak current of the Ch1: Vour, 20 V / div.
load is higher than normal steady Ch2: Vi\, 50 V / div.
current but the average current is Ch4: loyt, 50 mA / div., 200 s / div.
regulated.

Ch1: Vour, 20 V / div.
Ch2: Vin, 50 V / div.
Ch4: loyr, 50 mA / div., 200 s / div.

g Power Integrations, Inc.
Tel: +1 408 414 9200 Fax: +1 408 414 9201
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10.8 Start-up No-load

This LED driver is protected by VR1 in case of no-load condition occurs in order to avoid leakage from the
output capacitor. This protection is not auto-recovering; replace VR1 in case this condition occurs.

nalysis  Utiliies  Help

LeCroy 91372011 147:18 PM LeCroy 971312011 1:19:08 PM

48 V Design Configuration 96 V Design Configuration

Figure 58 — 85 VAC / 63 Hz, Start-up No-load. Figure 59 — 85 VAC / 63 Hz, Start-up No-load.
Ch1: Voyr, 20 V / div. Ch1: Voyr, 50 V / div.
Ch4: loyt, 50 mA / div., 0.5 s / div. Ch4: loyt, 50 mA / div., 1s / div.

nalysis  Utilies  Help

Eddib bbb bbb il thbibiiin

LeCroy 911372011 1:46:52 P LeCroy 971312011 1:19:29 PM

48 V Design Configuration 96 V Design Configuration

Figure 60 — 855 VAC / 63 Hz, Start-up No-load. Figure 61 — 85 VAC / 63 Hz, Start-up No-load.
Ch1: Vour, 20 V / div. Ch1: Vour, 50 V / div.
Ch4: loyt, 50 mA / div., 100 ms / div. Ch4: loyt, 50 mA / div., 100 ms / div..
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10.9 Line Surge Waveform

File Verical Timebase Trigger Display Cursors Measure Math Analysis Utiities Help

File Vertical Timebase Trigger Display Cursors Measure Math Anabsis Utiities Help
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Measure PmaxC1y P2max(F1y Pamax(C4) P4--- Pa--- PE--- Measure P1:max(C1) P2max(F1) P3:max(C4) Pa--- P5--- PB---
value 488Y 582V 1764 value 448V 543V 1734
status v v v v v v

1 (C1-C1)

200 Widr

30.0 s
LeCroy

Figure 62 — 115 VAC / 60 Hz, 48 V Load,
VDS=582 VpK
(+)2.5 kV Differential Ring Surge at 0°.
Ch1: Vi, 100 V / div.
Ch4: IDRAIN; 1 A/ div.
F1: Vps, 200 V / div., 20 ps / div.

911272011 1:38:14 PM

File Verical Timebase Trigger Display Cursors Measure Math Analysis Utiities Help

F1 {C1-C2;
200 Vid
20,0 psidi

Figure 63 — 115 VAC / 60 Hz, 48 V Load,
VDS=543 VpK
(+)2.5 kV Differential Ring Surge at
90°.
Ch1: Vyy, 100 V / div.
Ch4: IDRAIN; 1 A/ div.
F1: Vps, 200 V / div., 20 ps / div.

File Yetical Timebase Trigger Display Cursors Measure Math Analysis Utiities Help
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Measure Pimax(C1y P2max(F 1)y PEmax(C4) Pé--- P&--- PB--- Measure Fimax(C1) PZmax(F1) P3max(C4) Pd--- P&--- P&
value 472y 4TV 1764 value 452V 553V 1574
status v v v status v v v

F1 (C1-C2)
200 ¥/
20.0 psfdi

Figure 64 — 115 VAC / 60 Hz, 48 V Load,
VDS=547 VpK
(-)2.5 kV Differential Ring Surge at 0°.
Ch1: Vi, 100 V / div.
Ch4.: IDRAINa 1 A/ div.
F1: Vps, 200 V / div., 20 us / div.

911372011 1:50:38 P

F1 (C1-C2;
200 Vel
20.0 s/

Figure 65 — 115 VAC / 60 Hz, 48 V Load,
VDS=553 VpK
(-)2.5 kV Differential Ring Surge at
90°.
Ch1: Vi\, 100 V / div.
Ch4: IDRAIN: 1 A/ div.
F1: Vps, 200 V / div., 20 ps / div.

LeCroy 912/2011 217:50 FM
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Figure 66 — 115 VAC / 60 Hz, 48 V Load, Figure 67 — 115 VAC / 60 Hz, 48 V Load,
VDS=61 1 VPK VDS=582 VPK
(+)1 kV Differential Surge at 0°. (+)1kV Differential Surge at 90°.
Ch1: Vi, 100 V / div. Ch1:V\y, 100 V / div.
Ch4: IDRAIN; 1 A/ div. Ch4: IDRAINy 1 A/ div.
F1: Vps, 200 V / div., 20 ps / div. F1: Vps, 200 V / div., 10 pus / div.

M
A\.MJIH \ | L]
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My | L e w L L
A A s iﬁ B TR SIS
Figure 68 — 115 VAC / 60 Hz, 48 V Load, Figure 69 — 115 VAC / 60 Hz, 48 V Load,

VDS=621 VPK VDS=608 VPK
(-)1 kV Differential Surge at 0°. (-)1 kV Differential Surge at 90°.
Ch1: V|, 100 V / div. Ch1: V|, 100 V / div.
Ch4.: IDRAINa 1 A/ div. Ch4.: IDRAIN: 1 A/ div.
F1: Vps, 200 V / div., 20 ps / div. F1: Vps, 200 V / div., 20 ps / div.
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11 Line Surge
Input voltage was set at 115 VAC / 60 Hz. Output was loaded with 48 V LED string and

operation was verified following each surge event.

Differential input line 1.2 / 50 us surge testing was completed on one test unit to

IEC61000-4-5.
Surge Level 0 Injection T e Test Result
(V) e Location gD (Pass/Fail)
(VAC) ()

+1000 115 LtoN 0 Pass

-1000 115 LtoN 0 Pass

+1000 115 LtoN 90 Pass

-1000 115 LtoN 90 Pass

Differential input line ring surge testing was completed on one test unit to IEC61000-4-5.

Unit passes under all test conditions.

Input

Injection

Surge Level Voltage Inject!on Phase Test ReSl_JIt

(V) (VAC) Location ) (Pass/Fail)
+2500 115 LtoN 0 Pass
-2500 115 LtoN 0 Pass
+2500 115 LtoN 90 Pass
-2500 115 LtoN 90 Pass

E

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

www.powerint.com

Page 50 of 57



17-Feb-12 DER-297 4.5 W Buck-Boost Power Supply Using LNK458KG

12 Conducted EMI

12.1 Equipment:

Receiver:
Rohde & Schwartz
ESPI - Test Receiver (9 kHz — 3 GHz)
Model No: ESPI3

LISN:
Rohde & Schwartz
Two-Line-V-Network
Model No: ENV216

12.2 EMI Test Set-up

LED driver is placed in a conical metal housing (for self-ballasted lamps; CISPR15
Edition 7.2).

Figure 70 — Conducted Emissions Measurement Set-up
Showing Conical Ground Plane Inside which UUT was Mounted.

Power Integrations E
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12.3 EMI Test Result

® Power Integrations RBW 9 kHz
09.Sep 11 10:13 MT 500 ms
Att 10 dB AUTO
aBuv. 7o, 100 kHz 1 MHz 10 MHz
EN550150 LIMIT GQHECK | | |Bass
I SGL
=100
I
190
I~
2 av I TN
CLRWR 80 TDF
| ~
I, EN 53
40 6DB
=3
[ W vy
—!g» Al
I s
Lo
In/—\
o0
9 kHz 30 MHz

Figure 71 — Conducted EMI, 48 V / 93 mA Steady-State Load, 115 VAC, 60 Hz, and EN55015 Limits.
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(Final Measurement Results)

EDIT PEAK LIST

Tracel: EN550150

Trace2: EN55015A

Trace3: —-—=

TRACE FREQUENCY

2 Average 110.466018893 kHz
1 Quasi Peak 206.24110178 kHz
2 Average 210.386547925 kHz
1 Quasi Peak 310.135545783 kHz
2 Average 313.236901241 kHz
2 Average 426.417977756 kHz
1 Quasi Peak 855.719977385 kHz
2 Average 855.719977385 kHz
1 Quasi Peak 964.246689302 kHz
2 Average 964.246689302 kHz
1 Quasi Peak 1.07577950963 MHz
1 Quasi Peak 1.16491505578 MHz
2 Average 1.17656420634 MHz
2 Average 1.23658080545 MHz
1 Quasi Peak 1.2489466135 MHz
1 Quasi Peak 1.33903981723 MHz
2 Average 1.33903981723 MHz
1 Quasi Peak 1.43563192593 MHz
1 Quasi Peak 1.53919174041 MH=z

42

41

25
22
10
63
19
44
29
75
90

24
61
03
56
11
03
48
42
07

.15

LEVEL dBuVv
50.
28.
56.
48.
45.
35.
31.
42.
31.
.80
31.
41.
45.
33.
35.
47 .
46.
34.
44 .

L1
L1
L1
L1

Z

2 zZ =z 2 2 2 22 2 2 22 2 22

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

DELTA LIMIT dB

-7.24

-4.55
-14.77
—-14.44
-16.03
-13.24
-14.09
-13.20
-14.75
-14.38
-10.96
-12.43
-10.88

-8.96

-9.51
-11.57
-11.92
-14.84

Figure 72 — Conducted EMI, 48 V / 93 mA Steady-State Load Steady-State Load, 115 VAC, 60 Hz, and
EN55015 Limits. Line and Neutral Scan Design Margin Measurement.
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@ Power Integrations RBW 9 kHz
12.Sep 11 18:30 MT 500 ms
Att 10 dB AUTO
daBpv 175, 100 kHz 1 MHz 10 MHz
EN550150 LIMIT GHECK | | |Hass
I SGL
o°
I
I~
2 av I TN
CLRWR 50 TDF
70
| ~
—60
I XENSSlag 54
50 _r’_
40 + u -+ 6DB

9 kHz 30 MHz

Figure 73 — Conducted EMI, 96 V / 45 mA Steady-State Load, 115 VAC, 60 Hz, and EN55015 Limits.
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EDIT PEAK LIST (Final Measurement Result

Tracel: EN550150Q

Trace2: EN55015A

Trace3: -——=

TRACE FREQUENCY LEVEL dBpv DELTA LIMIT dB

2 Average i 54.88 N gnd

1 Quasi Peak 241.833911652 kHz 52.34 N gnd -9.68
2 Average 246.694773277 kHz 44.07 L1 gnd -7.79
1 Quasi Peak 363.658318017 kHz 41.72 L1 gnd -16.92
2 Average 370.967850209 kHz 33.67 L1 gnd -14.80
2 Average 610.105531335 kHz 30.92 L1 gnd -15.07
1 Quasi Peak 628.59233904 kHz 42.21 L1 gnd -13.78
2 Average 729.776191209 kHz 34.87 L1 gnd -11.12
1 Quasi Peak 751.889139579 kHz 45.07 L1 gnd -10.92
2 Average 872.919948931 kHz 34.49 L1 gnd -11.51
1 Quasi Peak 881.64914842 kHz 45.82 L1 gnd -10.17
1 Quasi Peak 1.00339897152 MHz 48.37 L1 gnd -7.62
2 Average 1.00339897152 MHz 36.77 L1 gnd -9.22
2 Average 1.09740267777 MHz 38.76 L1 gnd -7.23
1 Quasi Peak 1.13065507631 MHz 51.29 L1 gnd -4.70
2 Average 1.22433743114 MHz 35.01 N gnd -10.98
1 Quasi Peak 1.23658080545 MHz 49.20 L1 gnd -6.79
1 Quasi Peak 1.32578199726 MHz 44 .12 N gnd -11.87
1 Quasi Peak 1.58583078933 MHz 40.87 L1 gnd -15.12
2 Average 17.975130353 MHz 29.98 L1 gnd -20.01

Figure 74 — Conducted EMI, 96 V / 45 mA Steady-State Load Steady-State Load, 115 VAC, 60 Hz, and
EN55015 Limits. Line and Neutral Scan Design Margin Measurement.
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13 Revision History
Date Author | Revision | Description and Changes Reviewed
13-Sep-11 | JDC 1.1 Initial Release Apps & Mktg
06-Oct-11 | AS 1.2 Minor Corrections Apps & Mktg
27-Oct-11 | PV 1.3 Corrected bridge diode schematic
symbol. Added 48 V, 45 mA
version.
07-Nov-11 | ME 1.4 Added Figure 6 Auto-restart
overvoltage protection
10-Nov-11 | PV 1.5 Added 48 V, 60 mA Specification
Table
09-Feb-12 | KM 1.6 Updated Introduction Text
17-Feb-12 | DS 1.7 Updated to Single-Sided PCB

Design.

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

Page 56 of 57




17-Feb-12

DER-297 4.5 W Buck-Boost Power Supply Using LNK458KG

For the latest updates, visit our website: www.powerint.com

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

PATENT INFORMATION

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

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

Power Integrations Worldwide Sales Support Locations

WORLD HEADQUARTERS
5245 Hellyer Avenue

San Jose, CA 95138, USA.
Main: +1-408-414-9200
Customer Service:

Phone: +1-408-414-9665
Fax: +1-408-414-9765

e-mail: usasales@powerint.com

CHINA (SHANGHAI)

Rm 1601/1610, Tower 1
Kerry Everbright City

No. 218 Tianmu Road West
Shanghai, P.R.C. 200070
Phone: +86-021-6354-6323
Fax: +86-021-6354-6325

e-mail: chinasales@powerint.com

CHINA (SHENZHEN)
3" Floor, Block A, Zhongtou

International Business Center, No.
1061, Xiang Mei Road, FuTian District,

ShenZhen, China, 518040
Phone: +86-755-8379-3243
Fax: +86-755-8379-5828

e-mail: chinasales@powerint.com

GERMANY
Lindwurmstrasse 114
80337, Munich

Germany

Phone: +49-895-527-
39110

Fax: +49-895-527-39200
e-mail:
eurosales@powerint.com

INDIA

#1, 14" Main Road
Vasanthanagar
Bangalore-560052

India

Phone: +91-80-4113-8020
Fax: +91-80-4113-8023
e-mail:
indiasales@powerint.com

ITALY

Via Milanese 20, 3. FI.
20099 Sesto San Giovanni
(M) ltaly

Phone: +39-024-550-8701
Fax: +39-028-928-6009
e-mail:
eurosales@powerint.com

JAPAN

Kosei Dai-3 Building
2-12-11, Shin-Yokohama,
Kohoku-ku, Yokohama-shi,
Kanagawa 222-0033
Japan

Phone: +81-45-471-1021
Fax: +81-45-471-3717

e-mail: japansales@powerint.com

KOREA

RM 602, 6FL

Korea City Air Terminal B/D,
159-6

Samsung-Dong, Kangnam-Gu,
Seoul, 135-728 Korea

Phone: +82-2-2016-6610

Fax: +82-2-2016-6630

e-mail: koreasales@powerint.com

SINGAPORE

51 Newton Road,

#19-01/05 Goldhill Plaza
Singapore, 308900

Phone: +65-6358-2160

Fax: +65-6358-2015

e-mail:
singaporesales@powerint.com

TAIWAN

5F, No. 318, Nei Hu Rd.,
Sec. 1

Nei Hu District

Taipei 114, Taiwan R.O.C.
Phone: +886-2-2659-4570
Fax: +886-2-2659-4550
e-mail:
taiwansales@powerint.com

EUROPE HQ

1st Floor, St. James’s House
East Street, Farnham

Surrey GU9 7TJ

United Kingdom

Phone: +44 (0) 1252-730-141
Fax: +44 (0) 1252-727-689
e-mail:
eurosales@powerint.com

APPLICATIONS HOTLINE
World Wide +1-408-414-
9660

APPLICATIONS FAX
World Wide +1-408-414-
9760

Page 57 of 57

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



