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1 Introduction

The document describes a non-isolated, high power factor (PF), TRIAC dimmable LED
driver designed to drive a nominal LED string voltage of 48 V at 120 mA from an input
voltage range of 185 VAC to 265 VAC (50 Hz typical). The LED driver utilizes the
LYT4322E from the LYTSwitch-4 family of ICs.

The topology used is a single-stage non-isolated buck-boost that provides high power
factor, constant current regulation, and delivers excellent dimming performance.

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

T

Figure 1 — Populated Circuit Board.
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Figure 2 — Populated Circuit Board, Top View.
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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
erformance is listed in the results section.

Description Symbol | Min Typ | Max | Units Comment

Input
Voltage Vin 185 230 265 VAC 2 Wire —no P.E.
Frequency fLine 50 Hz
Output
Output Voltage Vour 48 \Y;
Output Current lout 120 MA  |Vour =48V, Viy =230 VAC, 25 °C
Total Output Power
Continuous Output Power Pout 5.76 W
Efficiency .
Full Load n 82 % MeasuredlsaitanPn?;TrZS C, No
Environmental
Conducted EMI CISPR 15B / EN55015B
Safety Non-Isolated
Ring Wave (100 kHz)

Differential Mode (L1-L2) 2.5 kv
Differential Surge 500 vV
Power Factor 0.93 Meaﬂﬁ%gg \\//OA“(T:‘"E)% :j;“"”
Ambient Temperature Tavs 40 °C Open Frame, Free convection, sea

level

Power Integrations E
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3 Schematic
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Figure 4 — Schematic.
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4 Circuit Description

The LYTSwitch-4 LYT4322E device is a controller with an integrated 725 V power
MOSFET for use in LED driver applications. The LYTSwitch-4 LYT4322E is configured
for use in a single-stage buck-boost topology and provides a regulated constant current
output while maintaining high power factor from the AC input.

4.1 Input EMI Filtering

Fuse F1 provides protection from component failure during abnormal conditions. Diode
bridge BR1 rectifies the AC line voltage with capacitor C3 providing a low impedance
path (decoupling) for the primary switching current. A low value of input capacitance (sum
of C2 and C3) is necessary to maintain a power factor of greater than 0.9. EMI filtering is
provided by inductor L1 and capacitors C2 and C3.

4.2 Power Circuit

The topology is a buck-boost with a low-side switch configured to provide high power
factor, and constant current output for an input voltage range of 185 VAC -265 VAC.

Output diode D2 conducts every time Ul is off and transfers energy to the load. Diode D3
is necessary to prevent reverse current from flowing through U1l when the voltage across
C3 (rectified input AC) falls below the output voltage.

To provide peak line voltage information to U1, the incoming rectified AC peak charges
C4 via D1. This is then fed into the VOLTAGE MONITOR (V) pin of U1 as a current via
R5 and R6.

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

Capacitor C5 provides local decoupling for the BP pin of U1l which is the supply pin for
the internal controller. During start-up, C5 is charged to ~6 V from an internal high-
voltage current source connected to the D pin of Ul. Capacitor C5 is also chosen to be
100 pF to enable the device to operate in reduced-power mode.

The REFERENCE pin of U1 is tied to ground (SOURCE) via 24.9 kQ value resistor R7.

4.3 Output Feedback

The feedback is derived from a bias winding rectified and filtered by network formed by
diode D5 and capacitor C6. The output voltage information across capacitor C6 is
converted to feedback current by resistor R8. This current is used by LYT4322E IC to
regulate the output current of the converter.

Power Integrations E
Tel: +1 408 414 9200 Fax: +1 408 414 9201
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4.4 TRIAC Phase Dimming Control Compatibility

The requirements to provide output dimming with low cost, TRIAC based, leading edge
and trailing-edge phase-cut dimmers introduced some trade-offs in the design.

Due to the much lower power consumed by LED based lighting, the current drawn by the
lamp is below the holding current of the TRIAC in many dimmers. This causes
undesirable behavior such as limited dimming range and/or flicker. The relatively large
impedance presented to the line by the LED allows significant ringing to occur due to the
inrush current charging the input capacitance when the TRIAC turns on. This effect can
cause similar undesirable behavior, as the ringing may cause the TRIAC current to fall
below its holding current and turn off.

To overcome these issues, the passive damper and active bleeder were incorporated.
The drawback of these circuits is increased dissipation and therefore reduced efficiency
of the driver. For non-dimming applications these components can simply be omitted.

Resistor R1 dampens the input network during TRIAC dimming.

A passive RC bleeder formed by resistor R1 and capacitor C1 provides latching current
and damping to keep the TRIAC conducting.

Power Integrations, Inc.
Tel: +1 408 414 9200 Fax: +1 408 414 9201
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5 PCB Layout
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Figure 5 —Top Side.
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6 Bill of Materials

Iltem Qty Ref Des | Description Mfg Part Number Mfg
1 1 BR1 1000 V, 0.8 A, Bridge Rectifier, SMD, MBS-1, 4-SOIC B10S-G Comchip
2 1 C1 47 nF, 400 V, Film ECQ-E4473KF Panasonic
3 1 Cc2 47 nF, 400 V, Film ECQ-E4473KF Panasonic
4 1 C3 47 nF, 400 V, Film ECQ-E4473KF Panasonic
5 1 C4 2.2 uF, 400 V, Electrolytic, (6.3 x 11) TAB2GM2R2E110 Ltec
6 1 C5 100 pF, 10 V, Ceramic, X5R, 1206 C3216X5R1A107M TDK
7 1 C6 4.7 uF, 50 V, Ceramic, X7R, 1206 UMK316AB7475KL-T Taiyo Yuden
8 1 Cc7 220 uF, 63V, Electrolytic, (10 x 16) EKMG630ELL221MJ16S United Chemi-con
9 1 D1 600V, 1 A, Ultrafast Recovery, 75 ns, SOD-123 UFM15PL-TP MCC
10 1 D2 600V, 1 A, Ultrafast Recovery, 35 ns, SMB Case MURS160T3G On Semi
11 1 D3 100V, 2 A, Schottky, SMA STPS2H100AY ST Micro
12 1 D4 250V, 0.2 A, Fast Switching, 50 ns, SOD-323 BAV21WS-7-F Diodes, Inc.
13 1 D5 600V, 1 A, Ultrafast Recovery, 75 ns, SOD-123 UFM15PL-TP MCC
14 1 D6 75V, 0.15 A, Switching,SOD-323 BAV16WS-7-F Diodes, Inc.
15 1 F1 5 A, 250V, Fast, Microfuse, Axial 0263005.MXL Littlefuse
16 1 J1 CONN, MALE
17 1 L1 4.7 mH, 90 mA, 20 Q, RF Inductor B82144A2475J Epcos
18 1 R1 390 Q, 5%, 3 W, Metal Oxide ERG-3SJ391 Panasonic
19 1 R2 1kQ, 5%, 1 W, Thick Film, 2512 ERJ-1TYJ102U Panasonic
20 1 R3 10 kQ, 5%, 1/8 W, Thick Film, 0805 ERJ-6GEYJ103V Panasonic
21 1 R4 510 kQ, 5%, 1/4 W, Thick Film, 1206 ERJ-8GEYJ514V Panasonic
22 1 R5 1.80 MQ, 1%, 1/4 W, Thick Film, 1206 ERJ-8ENF1804V Panasonic
23 1 R6 1.80 MQ, 1%, 1/4 W, Thick Film, 1206 ERJ-8ENF1804V Panasonic
24 1 R7 24.9 kQ, 1%, 1/8 W, Thick Film, 0805 ERJ-6ENF2492V Panasonic
25 1 R8 309 kQ, 1%, 1/16 W, Thick Film, 0603 ERJ-3EKF3093V Panasonic
26 1 R9 5.1 kQ, 5%, 1/4 W, Thick Film, 1206 ERJ-8GEYJ512V Panasonic
27 1 R11 510 kQ, 5%, 1/8 W, Thick Film, 0805 ERJ-6GEYJ514V Panasonic
28 1 R12 10 kQ, 5%, 1/10 W, Thick Film, 0603 ERJ-3GEYJ103V Panasonic
29 1 Tl Bobbin, EE10, Vertical, 8 pins 101 Hical Magnetics
30 1 Ul LYTSwitch-4, eSIP-7C LYT4322E Power Integrations
31 1 VR1 27V, 5%, 150 mW, SOD 523 EDZTE6127B Rohm Semi

Page 13 of 49
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7 Inductor Specification

7.1 Electrical Diagram

1

W1: 93T AWG33

2
7

W2: 46T AWG33

b b

8

Figure 7 — Inductor Electrical Diagram.

7.2 Electrical Specifications

Primary Inductance

Pins 1-2, all other windings open, measured at 100 kHz, 0.4 RMS.

470 pH +5%

Resonant Frequency | Pins 1-2, all other windings open. 1 MHz (Min.)
7.3 Materials

Iltem Description

[1] Core: TDK PC40EE10/11-Z.

[2] Bobbin: B-EE10-V-8pins-(4/4).

[3] Magnet Wire: #33 AWG.

[4] Tape: 3M 1298 Polyester Film, 6.5 mm wide.

[5] Dolph BC-359 or equivalent

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

www.powerint.com
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7.4 Inductor Build Diagram

7 000000000
46T AWGH33 90000000
1
@OOOOOOOOO’
93T AWGH#33 00000000
2

Figure 8 — Inductor Build Diagram.

7.5 Inductor Construction

Bobbin Preparation

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

Use wire item [3], start at pin 2 wind 93 turns in ~3 layers and at the last turn

Winding 1 terminate the wire at pin 1.
- Use wire item [3], start at pin 8 wind 46 turns in ~2 layers, and at the last turn
Winding 2 : - ;
terminate the wire at pin 7.
Finish Grind core to get 470 uH inductance, secure the core with tape. Dip impregnate
using varnish item[5]
Pins Cut pins 3, 4, 5, 6.

Page 15 of 49
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8 Inductor Design Spreadsheet

JACDC_LYTSwitch-

4 HL_032514; Rev.1.2; LYTSwitch-4_HL_032514: Flyback Transformer

Copyright Power INRERT I¥=e O UNIT  IDesign Spreadsheet y

Integrations 2014

ENTER APPLICATION VARIABLES

Dimming required YES YES Select"YE'S‘ option if dimming is required. Otherwise
select 'NO'.

VACMIN 195.00 \ Minimum AC Input Voltage

VACMAX 265.00 V Maximum AC input voltage

fL 50.00 Hz IAC Mains Frequency

VO 48.00 48.00 \ Typical output voltage of LED string at full load

VO_MAX 52.80 \Y Maximum expected LED string Voltage.

VO_MIN 43.40 \Y Minimum expected LED string Voltage.

V_OVP 58.08 V Over-voltage protection setpoint

10 0.12 0.12 A Typical full load LED current

PO 5.8 W Output Power

n 0.80 Estimated efficiency of operation

VB 23.50 23.50 \Y Bias Voltage

ENTER LYTSwitch VARIABLES

LYTSwitch LYT4322 LYT4322 Selected LYTSwitch

Current Limit Mode RED RED %illiﬁtll Eulflzn{()lirrrrlid;gzcel Current Limit mode or "FULL

ILIMITMIN 0.65 A Minimum current limit

ILIMITMAX 0.76 A Maximum current limit

fS 132000 Hz Switching Frequency

fSmin 124000 Hz Minimum Switching Frequency

fSmax 140000 Hz Maximum Switching Frequency

\% 89.5 UA [V pin current

RV 3.60 3.60 M-ohms |Upper V pin resistor

RV?2 le+012 M-ohms |Lower V pin resistor

IFB 94.00 94.00 UA FB pin current (85 uA < IFB < 210 uA)

RFB1 218.1 k-ohms |FB pin resistor

VDS 10.00 \Y LYTSwitch on-state Drain to Source Voltage

VD 0.50 v Output Winding Diode Forward Voltage Drop (0.5 V for
Schottky and 0.8 V for PN diode)

VDB 0.70 V Bias Winding Diode Forward Voltage Drop

Key Design Parameters

Kp 110 110 gig)ple to Peak Current Ratio (For PF > 0.9, 0.4 < KP <

LP 472 uH Primary Inductance

VOR 48.50 48.50 V Reflected Output Voltage.

Expected |0 (average) 0.12 A Expected Average Output Current

KP_VNOM Info 1.00 ;i)!rlmcg)hePrFPaé high line may be less than 0.9. Decrease KP

TON_MIN 0.87 us Minimum on time at maximum AC input voltage

PCLAMP 0.05 W Estimated dissipation in primary clamp

ENTER TRANSFORMER CORE/CONSTRUCTION VARIABLES

Core Type EE10 EE10 Select Core Size

Custom Core Enter Custom core part number (if applicable)

AE 0.12 cm”2  [Core Effective Cross Sectional Area

LE 2.61 cm Core Effective Path Length

AL 850.00 nH/T"2 [Ungapped Core Effective Inductance

BW 6.60 mm Bobbin Physical Winding Width

I 0.00 mm Safety Marg!n Width (Half the Primary to Secondary
Creepage Distance)

L 3.00 Number of Primary Layers

NS 93.00 93.00 Number of Secondary Turns

Power Integrations, Inc.

Tel: +1 408 414 9200 Fax: +1 408 414 9201
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DC INPUT VOLTAGE PARAMETERS

VMIN 276 V Peak input voltage at VACMIN
VMAX 375 \ Peak input voltage at VACMAX
CURRENT WAVEFORM SHAPE PARAMETERS
DMAX 0.14 Minimum duty cycle at peak of VACMIN
IAVG 0.04 A IAverage Primary Current
P 0.64 Peak Primary Current (calculated at minimum input
\voltage VACMIN)
Primary RMS Current (calculated at minimum input
IRMS 0.12 A voltageyVACMIN) ( P
TRANSFORMER PRIMARY DESIGN PARAMETERS
LP 472 uH Primary Inductance
LP_TOL 10.00 [Tolerance of primary inductance
NP 93 Primary Winding Number of Turns
NB 46 Bias Winding Number of Turns
ALG 55 nH/T"2 |Gapped Core Effective Inductance
BM 2670 Gauss |Maximum Flux Density at PO, VMIN (BM<3100)
BP 3188 Gauss |Peak Flux Density (BP<3700)
BAC 1335 Gauss anil)ux Density for Core Loss Curves (0.5 X Peak to
ur 1459 Relative Permeability of Ungapped Core
LG 0.26 mm Gap Length (Lg > 0.1 mm)
BWE 19.8 mm Effective Bobbin Width
OD 0.21 mm Maximum Primary Wire Diameter including insulation
INS 0.04 mm Estimated Total Insulation Thickness (= 2 * film thickness)
DIA 0.17 mm Bare conductor diameter
AWG 34 AWG z\r;\r;gsa:/)laYXér)e Gauge (Rounded to next smaller standard
CM 40 Cmils |Bare conductor effective area in circular mils
CMA 342 Cmils/Amp |Primary Winding Current Capacity (200 < CMA < 600)

TRANSFORMER SECONDARY DESIGN PARAMETERS (SINGLE OUTPUT EQUIVALENT)

Lumped parameters

ISP 0.64 A Peak Secondary Current

ISRMS 0.26 A Secondary RMS Current

IRIPPLE 0.23 A g;;zlétt;alpgcnor RMS Ripple Current (based on

CMS 53 Cmils |Secondary Bare Conductor minimum circular mils
Secondary Wire Gauge (Rounded up to next larger

AWGS 32 AWG standard XWG value)g ( P ’

DIAS 0.20 mm Secondary Minimum Bare Conductor Diameter

oDs 0.07 mm Secondary Maximum Outside Diameter for Triple
Insulated Wire

VOLTAGE STRESS PARAMETERS
Estimated Maximum Drain Voltage assuming maximum

VDRAIN 485 \% LED string voltage (Includes Effect of Leakage
Inductance)

PIVS 433 v Output Rectifier Maximum Peak Inverse_ Voltage _
(calculated at VOVP, excludes leakage inductance spike)

PIVE 215 v Bias Rectifier Maximum Pea_k Inverse VoIt_age (calculated
at VOVP, excludes leakage inductance spike)

FINE TUNING (Enter measured values from prototype)

V pin Resistor Fine Tuning

RV1 3.60 M-ohms [Upper V Pin Resistor Value

RV2 le+012 M-ohms |Lower V Pin Resistor Value

VAC1 115.00 \Y Test Input Voltage Conditionl

VAC?2 230.00 \Y Test Input Voltage Condition2

1I0_VAC1 0.12 A Measured Output Current at VAC1

I0_VAC2 0.12 A Measured Output Current at VAC2

RV1 (new) 3.60 M-ohms |New RV1

Page 17 of 49
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RV2 (new) 18820.47 | M-ohms |New RV2

v OV 287.9 v Typlcal AC input voltage at which OV shutdown will be
triggered

v UV 60.0 v Typical AC input voltage beyond which power supply can
startup

FB pin resistor Fine Tuning

RFB1 218.09 k-ohms |Upper FB Pin Resistor Value

RFB2 le+012 k-ohms [Lower FB Pin Resistor Value

VB1 21.21 V Test Bias Voltage Conditionl

VB2 25.90 \Y Test Bias Voltage Condition2

101 0.12 A Measured Output Current at Vb1

102 0.12 A Measured Output Current at Vb2

RFB1 (new) 218.1 k-ohms |[New RFB1

RFB2(new) le+012 k-ohms |[New RFB2

Input Current Harmonic Analysis

. Max Current| . .

Harmonic (mA) Limit (mA)

1st Harmonic 34.44 N/A Fundamental (mA)

3rd Harmonic 1011 24.48 :Tn,:\fs 3rd Harmonic current content is lower than the

5th Harmonic 5.6 13.68  |PASS. 5th Harmonic current content is lower than the limif

7th Harmonic 3.7 7.20  [PASS. 7th Harmonic current content is lower than the Iimiti

9th Harmonic 2.73 3.60 PASS. 9th Harmonic current content is lower than the limif

11th Harmonic 212 252 E’rﬁfs 11th Harmonic current content is lower than the

13th Harmonic 1.70 213 E’rﬁfs 13th Harmonic current content is lower than the

15th Harmonic 141 1.85 :Trﬁfs 15th Harmonic current content is lower than the

THD 35.5 % Estimated total Harmonic Distortion (THD)

Power Integrations, Inc.
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9 Performance Data

All measurements performed at room temperature using an LED load. The following data
was taken using a typical LED load with an output voltage of 48 V. Refer to the table on
Section 8.4 for the complete set of test data values.

9.1 Efficiency

83.5

83.0 =

82.5

[o0]

N

o
M

Efficiency (%)
=
a1

81.0 «

80.5 =

80-0 n L} L} L} n L} n n L} L}
170 180 190 200 210 220 230 240 250 260 270 280

Input Voltage (VAC)

Figure 9 — Efficiency vs. Line

Power Integrations E
Tel: +1 408 414 9200 Fax: +1 408 414 9201
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9.2 Line Regulation

140

==0utput Current

135 +

130 =

=

N

()]
»

Output Current (mA)
- -
[ [N)
(3] o

110 =

105

170 180 190 200 210 220 230 240 250 260 270 280
Input Voltage (VAC)

Figure 10 — Regulation vs. Line.

Power Integrations, Inc.
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9.3 Power Factor

0.965

=¢=Power Factor

0.960 =

0.955 =

Power Factor
= = =
O (o) (o)
B D o
o al o
| | '] ||

0.935 +

0.930 +

0.925 L L} L} L} | L] | ] | |
170 180 190 200 210 220 230 240 250 260 270 280

Input Voltage (VAC)

Figure 11 — Power Factor vs. Line.
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9.4 Test Data

All measurements were made with the board at open frame, 25 °C ambient, 50 Hz line
frequency and 48 V LED load.

Input Measurement Load Measurement Calculation
Vin Iin Pin Vout lout Pout | PcaL EffiCiency Loss
Vews) | A=) | W) | PF [*ATHP ) v [ A [ [ W) |~ 9~ | w)
185.05]| 39.85 | 7.08]0.96| 23.44 |49.72| 114.29 | 5.70 | 5.68 80.43 1.39
200.09 38.18 7.30 | 0.96 23.04 ]149.77] 118,93 | 5.93 | 5.92 81.23 1.37
220.11 36.10 7.54 ] 0.95 22.33 ]149.83] 123.88 | 6.19 ] 6.17 82.03 1.36
230.16 35.28 7.68 | 0.95 21,96 |49.85] 126.39 | 6.32 | 6.30 82.29 1.36
240.13 34.56 7.8110.94 2159 ]149.88] 128.92 | 6.45] 6.43 82.52 1.37
265.15| 33.07 |8.15]0.93| 20.58 |49.95]| 134.99 | 6.76 | 6.74 82.90 1.39

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

www.powerint.com
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10 Dimming Performance Data

TRIAC dimming was measured with input voltage of 230 VAC, 50 Hz line frequency,
room temperature, and nominal 48 V LED load.

10.1 Dimming Curve

Measurement were made with a programmable AC source providing the leading edge
chopped AC input.

100

‘ e==Qutput Current, 180-0

90 =

80 =

70 =

60 =

50 =

40 o

30 =

Normalized Output Current (%)

20 =

10 +

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

Figure 12 — Leading Edge Dimming Characteristics.
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10.2 Dimming Efficiency

Measurements were made using a programmable AC source to provide the leading edge
chopped AC input. For this test, the bleeder is already active.

90

| ===Efficiency |

80 =

70

60 =

a1
o
2

Efficiency (%)
I
o

O8]
o
2

20 =
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O L} n L} L} L}
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Conduction Angle (°)

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

Power Integrations, Inc.
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10.3 Driver Power Loss During Dimming

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

1.60

| ===Power Loss |

1.40 =

1.20 =

Power Loss (W)
© © =
(e} o o
o o o

0.40

0.20 =

000 - T | L L L
0 30 60 90 120 150 180
Conduction Angle (°)

Figure 14 — Driver Power Loss as a function of Conduction Angle.
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10.4 Dimmer Compatibility List
The unit was tested with the following high-line dimmers at 230 VAC, 50 Hz input and

~48 V LED load.
Clean Sine Waveform | China Waveform
Dimmers Type 230 V 50 Hz 230 V 50 Hz
EU Panel 1
1 BERKER 2830 10 LE Y Y
2 JUNG 225 NV DE LE Y Y
3 JUNG 254 UDIE 1 TE Y Y
4 JUNG 266 G DE LE Y Y
5 BUSCH 2200 UJ-212 LE Y Y
6 BUSCH 2250 U LE N N
7 BUSCH 2247 U LE Y Y
8 GIRA 2262 00/ 101 LE Y Y
9 GIRA 030000/ 101 LE N N
10 | GIRA030200/101 LE Y Y
EU Panel 2
1 GIRA 1176 00/103 TE Y Y
2 310-013 LE Y Y
3 310-017 TE N N
4 310-014 LE Y Y
5 310-016 LE Y N
Germanl
1 KOPP 8033 LE Y Y
2 BUSCH 691 U-101 ELEC N N
3 BUSCH 6513 U-102 TE Y Y
4 PEHA 433HAB TE Y Y
5 PEHA 433HAB Oa TE Y Y
German2
1 REV 300W LE X X
2 2250 LE N N
3 400W LE N N
4 572499 LE Y Y
5 6513 TE Y Y
6 2875 LE Y Y
Chinese
1 TCL LE N N
2 SEN BO LANG LE Y Y
3 EBA HUANG LE Y Y
4 SB ELECT LE Y Y
5 MYONGBO LE Y Y
6 KBE LE Y Y
7 CLIPMEI LE Y Y
9 MANK LE Y Y
Australian
1 32E450LM LE Y Y
2 32E450TM TE Y Y
3 32E2CFLDM TE Y Y
4 32E450UDM TE Y Y

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

11.1 Thermal Set-up

U1 LOCATION [ ' D
- t AMB IN LOCATION

<%
A

-

Figure 15 — Thermal Set-up.

Power Integrations E
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11.1.1 28.7 °C External Ambient Thermal Measurements

GROUP 1 .
2813/18/23 15:56:34 EVENT ST 44nin

Snin/div -
E 2
A |
= 1
a1
=l
2 5
AMB IN T T L
11504 °c 128.3 oc 13-0. ec

121.7 < 28.7 ¢

Figure 16 — 28.7 °C External Ambient Thermal Measurements.

Power Integrations, Inc.
Tel: +1 408 414 9200 Fax: +1 408 414 9201
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11.1.2 42.5 °C External Ambient Thermal Measurements

GROLP 1 _
o813/18723 17:03:36 @ EVENT N 59nin

Snin/div 200
50
===‘H==ﬂ="-_
_'_._'_-_—F'_'_,—#_'_'—
#_F_

16231 16141 16:51 17

141.2 <

Figure 17 — 42.5 °C Ambient Thermal Measurements.

Power Integrations E
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11.1.3 Thermal Shutdown and Recovery

The device shuts down at 49.4 °C external ambient (AMBOUT) with the device case
temperature (U1) reaching a maximum of 143.6 °C. The device recovers at 89.4 °C case
temperature.

GROUP 1 _ —
18723 17:00:34 Nl EVENT IR 33nin ©

Snin/div

Figure 18 — Thermal Shutdown and Recovery.

Power Integrations, Inc.
Tel: +1 408 414 9200 Fax: +1 408 414 9201
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12 Non-Dimming (No Dimmer Connected) Waveforms

12.1 Input Voltage and Input Current Waveforms

SN AN

i i
Measure Flms(Ch PRms(CH) P3pkpkiC1) PamsCH P& mean(C1) PEmax(C) Measure PLMS(CD P2mMS(CY) P3pkpk(C1) PomMSCH P&mean(C1) PE:max(C1)
value BT MV 1880V value 35.78 mv 233V
status v o status v o

ofsl
dh Tralling number(s) in De Niename were INancated 1 SH0W auto-nurmbering

LeCroy ,
Figure 19 — 185 VAC, Full Load. Figure 20 — 220 VAC, Full Load.
Upper: lin, 20 mA / div. Upper: Iy, 20 mA / div.
Lower: Vy, 200 V, 10 ms / div. Lower: V)y, 200 V, 10 ms / div.

Measure PLms(Ca P2mms(CH P3pkpk(C1) PAMSICH P&mean(C1) PE:max(C2) Measure PlLms(CD Parms(C P3pkpk(C1) Parms(CH P& mean(C1) PEmanCl)
value BIT MV 434y 23 myv T8V

slatus v 4 v

& Trailing number(s) in the fllename were truncated to allow aulo-numbering A Trailing nurnber(s) in tha fllename ware truncated 1o aliow auto-numbering

Figure 21 — 240 VAC, Full Load. Figure 22 — 265 VAC, Full Load.
Upper: Iy, 20 mA / div. Upper: iy, 20 mA / div.
Lower: Viy, 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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eration

gger Display Cursors Measure Math  Analysis

i i
i
[ Measre P1-ms(C2) P2Ims(C4) P3pkpK(C2) PAMEan(C2) PSmean(Cl) PEMax(C2)
Measure Flams(Ch FLmsiC4 FlpkokiC2) FameaniC2 PEmean(C1) Fomax(C2) valug 120,63 my 4834V m2my 120.20my
valug NOTT my 4799V Hnamv 11041 mv status. v L4 v v
status v v v v

¢ LeCroy
LeCroy 1072412013 114806, AM

Figure 23 — 185 VAC, 50 Hz Full Load. Figure 24 — 220 VAC, 50 Hz Full Load.
Upper: loyt, 20 mA / div. Upper: lout, 20 mA / div.
Lower: Vout, 20V, 10 ms / div. Lower: Vour, 20V, 10 ms / div.

i L )
i
& Measute PIMS(CD) P21ms(C4) P3pkpk(C2) P4mMEanIC2 PSmaan(C1) PEMasC2)
Measure Flams(C2 PLms(CH) Plpkpk(CD) Fémean(C2 PEmean(C1) Pamax(C2) value 131,47 mv 4850 3|amv 131.01 mv
value 12561 mv ELEL Aamv 12617 my status v L4 14 v
status 4 v v v

A Traiing number(s) in the filename were truncated to allow auto-numbering.
A\ Trailing number(s) in the filename were runcated 10 allow auto-numbering

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

Power Integrations, Inc.
Tel: +1 408 414 9200 Fax: +1 408 414 9201
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12.3 Output Current Rise and Fall

NNWNWMNVWV‘ MM

,ﬂnh'\ﬂnf(\/‘ﬂf\f\,ﬁ’\ﬂf‘f\hhf\
 ——— i‘|||’ I;'ﬂ \, 3 ;4' '._\ '. 1
.-’vvdvJuu.fuv"e\.f‘J.rvvvvvJ UU.’VVJ\."VJ\.J

T 3
Measure PLms{CH PRrms(C4) PIpipkiCT) Pamax(C2) PS:mean(C1) PEmax(CI) Measure Plms(C2) PZms{C4) PIpkpkiC2) Pd:max(C2) PSmean(C1) PEman(C2)
walue 7403 mv 187.9v 1280 mV 1234 mV value T4.99 mvV 1878V 1280 mv 1273 mV
status % v v v status % v v 4

LeCroy LeCroy

Figure 27 — 185 VAC Output Rise. Figure 28 — 185 VAC Output Fall.
Upper: lout, 20 mA / div. Upper: lout, 20 mA / div.
Lower V.N, 200 V, 100 ms / div. Lower V.N, 200 V, 100 ms / div.

MMWWWWJ‘M wwmwwwmmm

7

AAAAANAANAAAAANRAAAAARAR AAAAANANAANA
r" .'u'l \4: I"\": I\l" lwl L\J'I I"u"l I‘v" I'H'I "JII ‘V I‘f'; I'i'l‘ :v: "u*‘l .‘v" I‘J' ‘I'i" V I\l: "u' v’ I'h’l :'JII 1VI I‘f" I'v'. v‘ vl I‘v" I‘J:
Measure ;i ms(CD PLms(C4) PIpkpk(C1) Pamax(C2) PSmean({C1) PE.madCI) Measure Plms(CD PLrms(Cd) Pl‘ubh(ci] Pdman(C2) PEmean{C1) PEman(C2)
value 8458 mv' WTevV 144 0 mv 140.0 mv value 8587 mv WIevV 1459 mv 1458 mv'
status % v b4 T4 _ ) status % 4 v v
LeCroy 1W242013 1:05:31 PM LeCroy m Waiting for Trigger -
Figure 29 — 265 VAC Output Rise. Figure 30 — 265 VAC Output Fall.
Upper: lout, 20 mA / div. Upper: lout, 20 mA / div.
Lower: V|y, 200 V, 100 ms / div. Lower: V|y, 200 V, 100 ms / div.

Power Integrations
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. .

T
Measure P1IMSICD P2ms(C1) PImMax(C2) P4 maxiC4) PSmaan(C1) PEmMax(C2)
value 1042 my 2040 51 mv 294V

status v v v v

LeCroy 1:38.55 PM

Figure 31 — 185 VAC, 50 Hz.
Upper: Iprain, 0.2 A/ div.
Lower: Vpgan, 100V, 2 ms / div.

12.4 Drain Voltage and Current at Normal Operation

oL R W | [

PLms(CD F2rms(C) FImax(C2)
il 1252 mv 2842V 53 mv
v - L4

LeCroy

Figure 32 — 185 VAC, 50 Hz.

-

P4 maxiC4)
<230V
v

F&mean(CT)

Pamax(C)

Upper: Ipran, 0.2 A/ div.
Lower: Vprain, 100 V / div., 2 ps / div.

T
PImax(C2)

PIms(C2 P2ms(C1) P4 max(C4) PEmean(C1) PEmax(C2)
value 100.3mV 2051V 98 my 403v
v o v v

e
102412013 14046 PM

LeCroy

Figure 33 — 230 VAC, 50 Hz.
Upper: Iprain, 0.2 A/ div.
Lower: Vprain, 100V, 2 ms / div.

- el — p—r
i
Measure PLams(CH FZms(C1) PImax(C) P4 maC4) P& mean(C1) Pmax(CT)
valup 120 2mv 3825V 604 mV v
status M - - v

LeCroy

Figure 34 — 230 VAC, 50 Hz.

Upper: Ipran, 0.2 A/ div.
Lower: Vprain, 100 V / div., 2 ps / div.

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

Measume PimsiCd
Smv

P3Imax(C2)
110v
- v v

PSmean(C1)

F2ms(C1) Fd max(C4) PEmax(C)
1700V 294V

Figure 35— 185 VAC, 50 Hz Start-up.
Upper: Ibrain, 500 MA / div.
Lower: Vpramn, 100V, 2 ms / div.

Measute. FlmsiCd F2mms(C1) PImaxC) Pémax(C4) PSmean(C1) PEmanCl)
value ‘Bmv M63V 121V Ty

status L4 - L4 v

A Trailing number(s) in e flename were truncated 10 allow auto-numbening.

Figure 37 — 265 VAC, 50 Hz Start-up.
Upper: Ibrain, 500 MA / div.
Lower: Vpran, 100 V, 2 ms / div.

12.5 Start-up Drain Voltage and Current

i
I
Measure PlamsiCh F2ms(C1) P3max(C2) PAmaxiC4) FSmeaniCt) PEmax(C2)
value 107 mv 2042V 1.10v 31y
status v v - o
LeCroy

FEU re 36 — 185 VAC, 50 Hz Start-up.
Upper: Iprain, 500 MA / div.
Lower: VDRAIN: 100 V, 5 us [ div.

bt =
i

Measure P1ms{Ch P2ms(C1) PIma(C2) PaAmax(C4) P5:mean{C1) PEmax(C2)

value 82mv mav 1.03v -0V

status % v v L

LeCroy 104242013 1:56:29 PM

Figure 38 — 265 VAC, 50 Hz Start-up.

Upper: Iprain, 500 MA / div.
Lower: Vprain, 100 V, 5 ps / div.

Page 35 of 49
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12.6 Drai dition

n Current an

d Drain Voltage During Output Short Con

Display

TTTTT =

i r
Measure P1ms(C2 PZms(C1) PImax(C2) Pamax(C4) PSmeaniC1) PEmax(C2) Measure PLms(CT) PTims(C1) PImax(C2) P mas{C4) PEmean(C1) PEmMax(C2)
value 19mv 2310V 951 mv 204V value 280 mv 2023V 124V 137V
status v 4 L4 v status % % v v

M
102472013 227:21 PM

LeCroy LeCroy

Figure 39 — 185 VAC, 50 Hz Output Short Condition. ~ Figure 40 — 185 VAC, 50 Hz Output Short Condition.
Uppel’: lorain, 500 mA / div. Upper: lorain, 500 mA / div.
Lower: Vpran, 100 V, 200 ms / div. Lower: Vpran, 100V, 0.5 pus / div.

folg Measure Math Analysis Ut

TR L L L L el
|
- et
i s
Measure F1omsiC2 PLms(C1) FImax(C2) P4max(C4) Fimean(C1) Pémax(C2) Measure P1:rms(C2) P2ms(C1) PImax(C2) P man(C4) P5mean(C1) PEmarC2)
value 20my 425V 1o8v valug 207 v 2417V 127v v
status v v v v status. % % 4 L4

10/24/2013 22803 PM LeCroy

LeCroy
Figure 41 — 265 VAC, 50 Hz Output Short Condition.  Figure 42 — 265 VAC, 50 Hz Output Short Condition.

Upper: Iprain, 500 mA / div. Upper: Iprain, 500 mA / div.
Lower: VDRAIN, 100V, 5 ms/ div. Lower: VDRAIN, 100V, 1 us [ div.

Power Integrations, Inc.
Tel: +1 408 414 9200 Fax: +1 408 414 9201
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12.7 Open Load Cha

c

racteristic

| e e L

:T::I" P1 T;ﬁ?f Pz-nv;s;?:: P#vv:;(fﬂza Pc-rvgng?ad PSmean(C1) PEmax(C2) u;u:uu P1 rn;z(::"e P?m;-;(gl\? P;rgzzcr:‘: P4 n;-(zcalv: PSmean(C1) PEmax(C)
iy R 30,000V
Figure 43 — 185 VAC, 50 Hz Output Short Condition.  Figure 44 — 265 VAC, 50 Hz Output Short Condition.
Upper: Vour, 10 V / div. Upper: Vour, 10 V / div.
Lower: Iprain, 200 mA, 200 ms / div. Lower: Iprain, 200 mA, 200 ms / div.

12.8 Brown-out / Brown-in
No failure of any component

Flms(CH PLrms{C4) PImeaniC3 PapkpkiC 3 PEmax(C3) PE:max(C2)
8186 mv 1428V T0.86 mv 1240 mv 134 my
% v % o

10252013 21347 PM

LeCroy

Figure 45 — Brown-out Test at 0.5V /s. The Unit is
Able to Operate Normally Without Any
Failure and Without Flicker.
Ch4: VN, 100 V / div.
Ch3: louT, 20 MA / div.
Time Scale: 100 s / div.

Power Integrations E
Tel: +1 408 414 9200 Fax: +1 408 414 9201
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12.9 Line Dropout
No failure of any component during 300 ms on and 300 ms off dropout.

= -

- ‘J k !\. Mk
H l“‘“ | ‘i_.';:l'_‘i::-:.

Jm (CJI D PRICH FSmax(C3)
|195 1285 mV

i

Figure 46 — Dropout Test: 300 ms on and 300 ms off.
Ch4: VN, 100 V / div.
Ch3: lout, 20 mA / div.
Time Scale: 500 ms / div.

Power Integrations, Inc.
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13 Dimming Waveforms

13.1 Input Voltage and Input Current Waveforms — Leading Edge Dimmer
Input: 230 VAC, 50 Hz

Output: 48 V LED Load

Dimmer: 310-013

/\/\/'IJ

Mo PLmMS(CD P2 rrrl!(ClJ PImax(Ch) Pamax(C4) P& mean(C1) PEmax(C2) PLms(CD P2 m’.(C‘) PIman(CI) Paman(C4) PSmean(C1) PEman(C)
status ¢ / & 'l
LeCroy - = - 1242013 3 iﬁl I": LeCroy . . 10241201 3 3 mz
Figure 47 — 150° Conduction Angle. Figure 48 — 135° Conduction Angle.

Upper: lin, 20 mA / div. Upper: Iy, 20 mA / div.

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

Measure P1 rmsccb P2 rms(Cl: PS max(C2) P4 max(C4) P&mean(C1) PE:max(C2) Measine FLms(CD P2rms(C8H PImax(C) P4 max(C4) P& mean(C1) PEman(Cl)
valug value 853V

status. a a status L

0
4 Trailing number(s) in the fllename were truncated to aliow aulo-numbering & Trailing nurnber(s) in tha fllename ware truncated 1o aliow auto-numbering

Figure 49 — 90° Conduction Angle. Figure 50 — 49° Conduction Angle.
Upper: Iy, 20 mA / div. Upper: iy, 20 mA / div.
Lower: V|\, 100 V, 5 ms / div. Lower: Vy, 100 V, 5 ms / div.

Power Integrations E
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13.2 Output Current Waveforms — Leading Edge Dimmer
Input: 230 VAC, 50 Hz

Output: 48 V LED Load
Dimmer: 310-013

'S

/]
/\\//\\/

P3Imean(C3)

Measure PLMSICY P2rMS(CH) P4 PkPKICT) PS5 mean(C) PEMaxCI)
valug 117.51 my 210 117.08 v’ 3amy
status v v v

LeCroy

Figure 51 — 150° Conduction Angle.
Upper: loyt, 20 mA / div.
Lower: V|y, 100 V, 5 ms / div.

=)

/

i

/

VERIVE

3
P3mean(Cy

PIMSICY P2ms(CH) P4 DKDKIC) P&mean(C1) PE-max(C2)
vale 110.68 mV eV 11034 mv IB0mvV
status. v v v v

& Tralling number(s) in the fllename were tnancated 1o aliow aulo-numbering

Figure 52 — 135° Conduction Angle.
Upper: lout, 20 mA / div.
Lower: V|y, 100 V, 5 ms / div.

/

PLms(CH PLme(CH PImean(C3 Pa:pkpk(CH) PEmaan(CT) PE:man(C2)
vilue B274mV 1906V 6213 mv 306mv
status 8 o v

A Trailing numben(s) in the fllename were truncated 1o allow aulo-numbering

Figure 53 — 90° Conduction Angle.
Upper: loyt, 20 mA / div.
Lower: V|\, 100 V, 5 ms / div.

7

i
Measure PLms{C3 P2rms(CH8) PImean{C3 P4 pkpk{C3) PSmean(C1) PEman(C2)
value 2280 mv 851V 254mv 134mv

status v v v ’

LeCroy 102412013 3:20:33 PM

Figure 54 — 45° Conduction Angle.
Upper: lout, 20 mA / div.
Lower: V|y, 100 V, 5 ms / div.

Power Integrations, Inc.
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13.3 Input Voltage and Input Current Waveforms — Trailing Edge Dimmer
Input: 230 VAC, 50 Hz

Output: 48 V LED Load

Dimmer: 32E450TM

e Y

& 3

Measure PLMSICY P2rmMS(CH) PImean(C3) P4 pkPKICT) PS5 mean(C) PEMaxCI) Measure PIMSICH P2ms(CH) P3mean(Cy P4 DKDKIC) P&mean(C1) PE-max(C2)
valug 11413 my 22508V 11367 miv 32amyv value 104,67 my 253V 104.08 mv 358 mv

status v v v v status v o v v

LeCroy A Trailing numbser(s) in Bve flename ware tnancated to aliow aulo-numbering

Figure 55 — 139° Conduction Angle. Figure 56 — 120° Conduction Angle.
Upper: lin, 20 mA / div. Upper: Iy, 20 mA / div.
Lower: V|y, 100 V, 5 ms / div. Lower: V|y, 100 V, 5 ms / div.

Measure PLmMSICSH Plms(CH P3: r‘nean(c 3 Papkpk(CY) PSmean(C1) PEmax(C2) Measine PImMs(CH P2rms(C4) P3: :naancc:n P4 DkpKICT) PSmean(C1) PEMaNCI)
value 7118 MV 17696V 7063 mv NImV walue 1812 my niwv 1789 mv 19mv
status Cd o Cd L _ Status L v v e
I.E:C.L'ZY . @uv .
Figure 57 — 90° Conduction Angle. Figure 58 — 40° Conduction Angle.
Upper: Iy, 20 mA / div. Upper: iy, 50 mA / div.
Lower: V|\, 100 V, 5 ms / div. Lower: Vy, 100 V, 5 ms / div.
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13.4 Output Current Waveforms — Trailing Edge Dimmer

Input: 230 VAC, 50 Hz
Output: 48 V LED Load
Dimmer: 32E450TM

Measure PLMSICY P2rmMS(CH) PImean(C3) P4 pkPKICT) PS5 mean(C) PEMaxCI)
valug 114.36 my 2473V 113.90 v’ 32amyv
status v v v v

102472013 343.06 PM

Figure 59 — 139° Conduction Angle.
Upper: loyt, 50 mA / div.
Lower: V|y, 100 V, 5 ms / div.

i
Measure PIMS(CH PImMS(CH Pamean(Cy) PADKDKICH) PEmean(C1) PEMaNC2)
value 104.51 mv N8IV 10392 mv 389 mY

status v v v v

LeCroy

Figure 60 — 120° Conduction Angle.
Upper: lout, 50 mA / div.
Lower: V|y, 100 V, 5 ms / div.

Measure FLms(CH FRms(CH) PImean(C} Pd:pkpkiC3) F&mean(Cl) PEmax(CI)
walug 71.00 mv 1T 7035 mv HAmv
status v ” ” v

102472013 34549 PM

Figure 61 — 90° Conduction Angle.
Upper: loyt, 50 mA / div.
Lower: V|\, 100 V, 5 ms / div.

i
Measure PIms(c PImMS(CH  PImEan(Cl PaDIpKC])  PSmean(C1) PEmaNCI)
value 17.78mv LT 1755 mv 1 smy
status v v v ’
7
0 5itive]
LeCroy 102412013 3:47:26 PM

Figure 62 — 40° Conduction Angle.
Upper: lout, 50 mA / div.
Lower: V|y, 100 V, 5 ms / div.
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14 Conducted EMI

14.1 Test Set-up

Figure 63 — Conducted EMI Test Set-up.
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14.2 Test Result
% Power Integrations RBW 9 kHz
25_0ct 13 15:55 MT 500 ms
Att 10 dB AUTO
dBuv 55 100 kHz 1 MHz 10 MHz
EN55015Q LimMIT GHEC FASS
SGL
e |00
CLRWR| |
o0
\\
2 AV | ~
CLRWR [-80 TDF
1
| ~
60
| EN5SQ15A
|50
_!10 L _A_ 4 6DB
-|30 n N
- t’h Jb ,,J"‘ A
_| W M#M‘V’ (7
10 etia \/AN
|
1,
|
-20
9 kHz 30 MHz

Figure 64 — Conducted EMI, ~48 V LED Load, 230 VAC, 60 Hz, and EN55015 B Limits.
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EDIT PEAK LIST (Final

Tracel:
Trace2:
Trace3:

TRACE
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Average
Average
Average
Quasi Peak
Average
Quasi Peak
Average
Average
Quasi Peak
Quasi Peak
Average
Average
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Average
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EN55015A

FREQUENCY

9.74571035065 kH:

132.133649648 kHz
134.789536006 kHz
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267.135089486 kHz
269.806440381 kHz
401.705024172 kHz
401.705024172 kHz
536.076911993 kHz
541.437681113 kHz
667.263434405 kHz
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806.126927408 kHz
935.888336808 kHz
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37.
36.
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46.
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36.
33.
38.
37.
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06
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gnd
gnd
gnd
gnd
gnd
gnd
gnd
gnd
gnd
gnd
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DELTA LIMIT dB

-15.14
-10.15
-16.29
-11.42
-12.53
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-15.37
-18.12
-18.20

Figure 65 — Conducted EMI, Final Measurement Results.
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15 Line Surge

Differential input line 500V surge testing was completed on a single test unit to
IEC61000-4-5. Input voltage was set at 230 VAC / 60 Hz.

Surge Vlc?lr'?;te Injection Injection | Test Result
Level (V) | *(a Cg) Location | Phase (°) | (Pass/Fail)
+500 230 LtoN 90 Pass
-500 230 LtoN 90 Pass
+500 230 LtoN 0 Pass
-500 230 LtoN 0 Pass

Unit passed under all test conditions.

Differential ring input line surge testing was completed on a single test unit to IEC61000-
4-5. Input voltage was set at 120 VAC / 60 Hz. Output was loaded at full load and
operation was verified following each surge event.

Surge Vlglﬁ):g;e Inject!on Injection | Test Resglt
Level (V) (VAC) Location | Phase (°) | (Pass/Fail)
+2500 230 Lto N 90 Pass
-2500 230 Lto N 90 Pass
+2500 230 L to N 0 Pass
-2500 230 LtoN 0 Pass

Unit passed under all test conditions.
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2013/10/25 18:05:36 NORMSOMS /s 200us/div

Stopped A (200us/div)
......... choe on
P [ 200v/div 1001
I 0 DC ov
IHEATIHR
10V /div 100:1
: : : DC 0.ov
......... CH4 OFF
Tracel: Max - - 472.0V- .- L S S S P S0V /div 10:1
: DC 0.0v

TraceZ: Max @ 384.0V

Record Length

Main: 100K
S U STt S SRR JEUTURTE SUUTRRPE SURTRRE SURSRUTI SUTORRN Zoom: 5K
: : : : Filter
T T A e ey T e TRE e § ey i i~ Smoothing: OFF
} UE HF”WITT“‘II 4] “ql} II: ‘ll : 1\'_”7'|r1|":“"u oW AL
: : ; : : : Tri
....... U ULUJ”LLLUL”H hr;ugdg::r NORMAL
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Source: CH1 4

Figure 66 — 500 V Differential Surge at 90° Phase Angle.

CH1: Voltage Across C2.
CH2: Voltage Across Drain to Source of U1.

VDSMAX =472 V.
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