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Summary and Features

Non-isolated design provides tight regulation.

e Low cost, low component count solution
Power Down (PD) Mode set and reset functionality. Less than 5 mW no load consumption at
230 VAC (IEC62301 Clause 4.5 rounds standby power use below 5 mW to zero)

o Auto-restart functionality provides protection against output short circuit and open loop
conditions

o Hysteretic over temperature shutdown protection

o Meets EN-550022 and CISPR-22 Class B conducted EMI with more than 10 dB margin.

o Meets IEC61000-4-5 Class 3 AC line surge specifications
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1 Introduction

This report describes a universal input, 5 V, 300 mA non-isolated flyback power supply
which is designed with LNK584DG device from the LinkZero-AX family of ICs. It contains
the complete specification of the power supply, a detailed circuit diagram, the entire bill of
materials required to build the supply, extensive documentation of the power transformer,
along with test data and oscillographs of the most important electrical waveforms.

Figure 2 — Prototype Bottom View.
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13-Oct-10

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 85 265 VAC 2 Wire —no P.E.
Frequency fuine 47 50/60 64 Hz
No-load Input Power mwW 230 VAC
Output
Output Voltage Vout 5 \ See V-I Curves for limits
Output Ripple Voltage VRrippLE 50 mV 20 MHz bandwidth
Output Current louT 300 mA
Total Output Power
Continuous Output Power Pout 1.5 W
Efficiency
Full load efficiency n 67 %
Environmental
Conducted EMI Meets CISPR22B / EN55015B
Safety Designed to m(;:tSISE”C%O, UL1950
DM 1 kV 1.2/50 us surge, IEC 1000-4-5,
Surge — 1 s e
Common Mode: 12 O
Ambient Temperature Tave 0 50 °C Free convection, sea level
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3 Schematic
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Figure 3 — Circuit Schematic.
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4 Circuit Description

4.1 Input Rectification and Filtering

Diodes D1 to D4 rectify the AC input which is filtered by C1 and C2. Inductor L3, C1 and
C2 form a T filter that attenuates differential mode conducted EMI. Resistor R2 provides
high frequency damping. Shielding techniques (E-Shield™) were used in the construction
of T1 to reduce common mode EMI displacement currents. This filter arrangement, the
proprietary E-Shield techniques together with IC’s frequency jitter function provide
excellent EMI performance for this solution even without a Y capacitor or a primary-side
RCD clamp circuit.

4.2 LinkZero-AX Primary

The LNK584DG device (U1) integrates an oscillator, an ON/OFF controller, startup and
protection circuitry and a power MOSFET all on one monolithic IC.

One side of the power transformer is connected to the positive leg of C2 and the other
side is connected to the DRAIN pin of U1. At the start of a switching cycle, the controller
turns the MOSFET on, and current ramps up in the primary winding, which stores energy
in the core of the transformer. When that current reaches the limit threshold, the
controller turns the MOSFET off. Due to the phasing of the transformer windings and the
orientation of the output diode, the stored energy then induces a voltage across the
secondary winding, which forward biases the output diode, and the stored energy is
delivered to the output capacitor.

4.3 Primary Clamp and Transformer Construction

A Clampless primary circuit is achieved due to the very tight tolerance current limit
trimming techniques used in manufacturing the LNK584DG, together with some special
transformer construction techniques that were used. Peak drain voltage is therefore
limited to typically less than 550 V at 265 VAC — providing significant margin to the 700 V
drain voltage (BVpss).

4.4 Output Rectification

Output rectification is provided by diode D6 and filtering is provided by capacitor C6.
Resistor R8 and C4 provide high frequency filtering for improved EMI.

4.5 Power Down (PD) Mode — Set and Reset

LinkZero-AX goes into Power Down mode when one of the following two conditions have
been met:

(i) 160 consecutive cycles have been skipped.

(i) FB voltage exceeds 1.7 V for 160 consecutive switching cycles (approximately

2 ms).

The latter condition is the preferred way of setting the supply into “Power Down” (PD)
mode. In this circuit the FB pin is pulled high through Q1 and R16. The value of the BP
pin capacitor should be high enough to sustain enough current through R16 for more

g Power Integrations
Tel: +1 408 414 9200 Fax: +1 408 414 9201
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13-Oct-10 DER-260 5 V 300 mA Non-Isolated Flyback Converter

than 2 ms to successfully trigger the Power Down mode. LinkZero-AX stops switching
once the power down mode is triggered (PD set), and the chip cannot wake up (PD reset)
until the BP pin capacitor is pulled below 1.5 V and then released to be recharged.
Transistor Q2 or the mechanical switch SW1 can be used to reset the Power Down
mode.

Load transients from full load to very light or no load can cause accidental triggering of
the Power Down mode. To avoid this undesired effect, a preload must be used at the
output of the power supply. Additionally, a capacitor (C9) in parallel to the high side
feedback resistor (R9) can be used to speed up the high frequency loop response. Low
value feedback resistors can act as preload too. For applications with limited load range,
which guarantee that accidental power down mode will not be triggered, the preload and
the capacitor in parallel to the high side feedback resistor are not necessary.

46 Feedback

The output voltage is sensed through resistor divider R3 and R9 and fed back to U1.
Switching cycles are skipped if the FB pin disable threshold voltage (1.7 V) is exceeded.
When the sensed voltage at the FB pin falls below the disable threshold, switching cycles
are re-enabled. By adjusting the ratio of enabled to disable switching cycles, output
regulation is maintained.

At increased loads, beyond the output power limiting point, the FB pin voltage begins to
reduce as the power supply output voltage falls. As the FB pin voltage falls, the switching
frequency reduces to provide some output current limiting. When the FB pin voltage
drops below the auto-restart threshold (typically 0.9 V on the FB pin), the power supply
enters the auto-restart mode. In this mode, the power supply will turn off for 1.2 s and
then turn back on for 170 ms. The auto-restart function reduces the average output
current during an output short-circuit condition.
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5 PCB Layout

i o8
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1 DER-260
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Bo: JEPOWER"

INTEGRATIONS

Figure 4 — PCB Layout 2.10” (53.3 mm) x 1.81” (46.1 mm)
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DER-260 5 V 300 mA Non-Isolated Flyback Converter

6 Bill of Materials

Ref
Item Qty Des Description Manufacturer P/N Manufacturer
1 1 C1 3.3 uF, 400 V, Electrolytic, (8 x 11.5) TAQ2G3R3MKO0811MLL3 | Taicon Corporation
2 1 C2 3.3 uF, 400 V, Electrolytic, (8 x 11.5) TAQ2G3R3MKO0811MLL3 | Taicon Corporation
3 1 C4 220 pF, 100 V, Ceramic, X7R, 0805 ECJ-2VB2A221K Panasonic
4 1 C5 150 nF, 25V, Ceramic, X7R, 0805 GRM21BR71E154KA01L | Murata
220 uF, 25V, Electrolytic, Very Low ESR,
5 1 C6 72 mQ, (8 x 11.5) EKZE250ELL221MHB5D | Nippon Chemi-Con
6 1 C7 1 nF, 50 V, Ceramic, X7R, 0805 ECJ-2VB1H102K Panasonic
7 1 C8 56 uF, 16 V, Electrolytic, Gen. Purpose, (5 x 11) | EKZE160ELL560ME11D Nichicon
8 1 C9 330 nF, 50 V, Ceramic, X7R, 1206 12065C334KAT2A AVX Corp
47 uF, 25V, Electrolytic, Very Low ESR,
9 1 C10 300 mQ, (5x 11) EKZE250ELL470ME11D Nippon Chemi-Con
10 1 D1 1000 V, 1 A, Rectifier, DO-41 1N4007-E3/54 Vishay
11 1 D2 1000 V, 1 A, Rectifier, DO-41 1N4007-E3/54 Vishay
12 1 D3 1000 V, 1 A, Rectifier, DO-41 1N4007-E3/54 Vishay
12 1 D4 1000 V, 1 A, Rectifier, DO-41 1N4007-E3/54 Vishay
14 1 D6 50 V, 1 A, Schottky, DO-214AC SS15-TP Micro commercial
15 1 L3 1 mH, 0.15 A, Ferrite Core SBCP-47HY102B Tokin
16 1 L4 1.8 uH, 0.48 A, Iron Core 1025-26K API Delevan
17 1 Q1 NPN, Small Signal BJT, 40 V, 0.2 A, SOT-23 MMBT3904LT1G On Semiconductor
18 1 Q2 NPN, Small Signal BJT, 40 V, 0.2 A, SOT-23 MMBT3904LT1G On Semiconductor
19 1 R1 10 Q, 2 W, Fusible/Flame Proof Wire Wound CRF253-4 10R Vitrohm
20 1 R2 4.7 kQ, 5%, 1/8 W, Thick Film, 0805 ERJ-6GEYJ472V Panasonic
21 1 R3 511 Q, 1%, 1/4 W, Metal Film MFR-25FBF-511R Yageo
22 1 R4 10.0 kQ, 5%, 1/10 W, Thick Film, 0603 ERJ-3GEYJ103V Panasonic
23 1 R8 5.1 Q, 5%, 1/8 W, Thick Film, 0805 ERJ-6GEYJ5R1V Panasonic
24 1 R9 1.0 kQ, 1%, 1/4 W, Thick Film, 1206 ERJ-8ENF1001V Panasonic
25 1 R10 20 kQ, 5%, 1/10 W, Thick Film, 0603 ERJ-3GEYJ203V Panasonic
26 1 R11 100 Q, 5%, 1/10 W, Thick Film, 0603 ERJ-3GEYJ101V Panasonic
27 1 R12 20 kQ, 5%, 1/10 W, Thick Film, 0603 ERJ-3GEYJ203V Panasonic
28 1 R13 510 Q, 5%, 1/8 W, Thick Film, 0805 ERJ-6GEYJ511V Panasonic
29 1 R14 2 kQ, 5%, 1/4 W, Carbon Film CFR-25JB-2K0 Yageo
30 1 R16 750 Q, 5%, 1/8 W, Thick Film, 0805 ERJ-6GEYJ751V Panasonic
31 1 SWi1 Pushbutton Switch SPST D6 Series D6C10LFS ITT Ind
32 1 T1 Bobbin, EE16, Horizontal, 10 pins PM-9820 Ho Jinn Plastic Elect
33 1 TP1 Test Point, WHT, THRU-HOLE MOUNT 5012 Keystone
34 1 TP2 Test Point, BLK ,THRU-HOLE MOUNT 5011 Keystone
35 1 TP3 Test Point, RED, THRU-HOLE MOUNT 5010 Keystone
36 1 TP4 Test Point, BLK, THRU-HOLE MOUNT 5011 Keystone
37 1 TP5 Test Point, ORG, THRU-HOLE MOUNT 5013 Keystone
38 1 TP6 Test Point, BLK, THRU-HOLE MOUNT 5011 Keystone
39 1 TP7 Test Point, YEL, THRU-HOLE MOUNT 5014 Keystone
40 1 U1 LinkZero-AX, LNK584DG, SO-8 LNK584DG Power Integrations
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7 Transformer Design Spreadsheet

ACDC_LinkZero-
AX_082510; Rev.1.1;

Copyright Power ACDC_LinkZero-AX_082510_Rev1-1.xIs; LinkZero-AX
Integrations 2010 INPUT | INFO | OUTPUT UNIT Flyback Transformer Design Spreadsheet
ENTER APPLICATION VARIABLES
VACMIN 85 Volts | Minimum AC Input Voltage
VACMAX 265 Volts | Maximum AC Input Voltage
fL 50 Hertz | AC Mains Frequency

Output Voltage (main) measured at the end of output cable

Vo . Volts (For CV/CC designs enter typical CV tolerance limit)
10 0.30 Amps Poyver Supply Output'Cyrrent (For CV/CC designs enter
) typical CC tolerance limit)
PO 1.50 Watts | Output Power (VO x 10 + dissipation in output cable)
Choose 'Bias' for Bias winding feedback, 'Direct’ for direct
. . sensing of output and 'Opto’ for Optocoupler feedback from
Feedback Type Bl Direct the 'Fe%dbackaype' drog down bc[JJx at th’; top of this
spreadsheet
Choose 'YES' from the 'Clampless Design' drop down box at
Clampless Design Yes the top of this spreadsheet for a clgmpless design. Qhoose
'NO' to add an external clamp circuit. Clampless design
lowers the total cost of the power supply
0.65 0.65 Efficiency Estimate at output terminals. For CV only designs
) ) enter 0.7 if no better data available
Z 0.5 Loss Allocation Factor (Secondary side losses / Total losses)
tC 2.90 2:5"50 Bridge Rectifier Conduction Time Estimate
CIN 6.60 ul:ja;ra Input Capacitance

Choose H for Half Wave Rectifier and F for Full Wave
F F Rectification from the 'Rectification’ drop down box at the top
of this spreadsheet

Input Rectification
Type

ENTER LinkZero-AX VARIABLES

LinkZero-AX Auto LNK584 LinkZero-AX device.
ILIMITMIN 0.126 Amps | Minimum Current Limit
ILIMITMAX 0.146 Amps | Maximum Current Limit

Minimum Device Switching Frequency. May be lowwer than

fSmin 93000 | Hertz | 93411y for high line (230 VAC) designs
[A2fMIN 1664.64 AN2H | 1n2f Minimgm yalue (prodyct of current limit squared and
z frequency is trimmed for tighter tolerance)
[A2FTYP 1849.6 AN2H | In2f typical_val_ue (product_of current limit squared and
z frequency is trimmed for tighter tolerance)
VOR 61.00 61 Volts | Reflected Output Voltage
VDS 10 Volts | LinkZero-AX on-state Drain to Source Voltage
VD 0.5 Volts | Output Winding Diode Forward Voltage Drop
KP 1.58 Ripple to Peak Current Ratio (0.9<KRP<1.0 : 1.0<KDP<6.0)
ENTER TRANSFORMER CORE/CONSTRUCTION VARIABLES
Core Type EE16 EE16 User-Selected transformer core
Core EE16 P/N: [ PC40EE16-Z
Bobbin EE16_BOBBIN P/N: | EE16_BOBBIN
AE 0.192 cm”2 | Core Effective Cross Sectional Area
LE 3.5 cm Core Effective Path Length
AL 1140 nH2/T" Ungapped Core Effective Inductance
BW 8.6 mm Bobbin Physical Winding Width
M 0 Safety Margin Width (Half the Primary to Secondary
mm .
Creepage Distance)
L 2 Number of primary layers
NS 10.00 10 Number of Secondary Turns
NB 28 Number of Bias winding turns
VB 15.13 Volts | Bias Winding Voltage
R1 1.00 KQ Calculated standard value (1%) of Upper Resistor in the

resistor divider component between bias winding and FB pin

g Power Integrations
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of LinkZero-AX
Calculated standard value (1%) of Lower Resistor in the
R2 0.51 kQ resistor divider component between bias winding and FB pin
of LinkZero-AX
Optional BP pin resistor (connected between BP pin and bias
RBP 56.00 kQ winidng) to improve efficiency. Calculated standard 5% value
is displayed
Maximum value of output capacitor. Larger value may result in
CBIAS (or COUT) 100.00 uF issues during startup. Lower value of COUT can be used.
CFB 680.00 pF FB pin resistor (Improve noise sensitivity)
CBP 220.00 nF BP pin capacitor
Recommended Bias Place this diode on the return leg of the bias winding for
) 1N4003 )
Diode optimal EMI.
DC INPUT VOLTAGE PARAMETERS
VMIN 97 Volts | Minimum DC Input Voltage
VMAX 375 Volts | Maximum DC Input Voltage
CURRENT WAVEFORM SHAPE PARAMETERS
DMAX 0.33 Maximum Duty Cycle
IAVG 0.03 Amps | Average Primary Current
1P 0.13 Amps | Minimum Peak Primary Current
IR 0.13 Amps | Primary Ripple Current
IRMS 0.04 Amps | Primary RMS Current
TRANSFORMER PRIMARY DESIGN PARAMETERS
LP 2287 “'i*eesnr Typical Primary Inductance. +/- 10%
LP_TOLERANCE 10 % Primary inductance tolerance
NP 111 Primary Winding Number of Turns
A
ALG 186 nH2/T Gapped Core Effective Inductance
BM 1568 Gasus Maximum Operating Flux Density, BM<2000 is recommended
BAC 784 Gasus AC Flux Density for Core Loss Curves (0.5 X Peak to Peak)
ur 1654 Relative Permeability of Ungapped Core
LG 0.12 mm Gap Length (Lg > 0.08 mm)
BWE 17.2 mm Effective Bobbin Width
oD 0.16 mm Maximum Primary Wire Diameter including insulation
INS 0.04 mm Estimated Total Insulation Thickness (= 2 * film thickness)
DIA 0.12 mm Bare conductor diameter
AWG 37 AWG \Ij:lT:)ry Wire Gauge (Rounded to next smaller standard AWG
CM 20 Cmils [ Bare conductor effective area in circular mils
CMA 452 | Gl | primary Winding Current Capacity (150 < CMA < 500)
TRANSFORMER SECONDARY DESIGN PARAMETERS
Lumped parameters
ISP 1.40 Amps | Peak Secondary Current
ISRMS 0.59 Amps | Secondary RMS Current
IRIPPLE 0.51 Amps | Output Capacitor RMS Ripple Current
CMS 118 Cmils | Secondary Bare Conductor minimum circular mils
AWGS 29 AWG Secondary Wire Gauge (Rounded up to next larger standard
AWG value)
DIAS 0.29 mm Secondary Minimum Bare Conductor Diameter
oDS 0.86 mm \?V?;:eondary Maximum Outside Diameter for Triple Insulated
INSS 0.29 mm Maximum Secondary Insulation Wall Thickness
VOLTAGE STRESS PARAMETERS
Peak Drain Voltage is highly dependent on Transformer
) capacitance and leakage inductance. Please verify this on the
VDRAIN Volts bench and ensure that it is below 650 V to allow 50 V margin
for transformer variation.
PIVS 39 Volts | Output Rectifier Maximum Peak Inverse Voltage
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DER-260 5 V 300 mA Non-Isolated Flyback Converter 13-Oct-10

8 Transformer Specification

8.1 Electrical Diagram

WD#2 3
Prima
MY 1147 #34
1 bt 8
g WD#3
3
® 10T TIW #31 x 2
WD#1 18T #34x2
Cancellation 10

2 Secondary

8.2 Electrical Specificat

Figure 5 — Transformer Electrical Diagram.

ions

Electrical Strength

1 second, 60 Hz, from pins 1-5 to pins 6-10 3000 VAC

Primary Inductance

Pins 3-1, all other windings open, measured at o
100 kHz. 0.4 VRMS 2.287 mH, £10%

Resonant Frequency

Pins 3-1, all other windings open 300 kHz (Min.)

Primary Leakage Inductance

Pins 1-3, with pins 10-8 shorted, measured at
100 kHz, 0.4 VRMS 50 pH (Max.)

8.3 Materials

Item

Description

[1] Core: PC44 EE16,

TDK or equivalent Gapped for ALG of 186 nH/T*

[2] Bobbin: Horizontal

10 pin

[3] Magnet Wire: #34 AWG

[4] Triple Insulated Wi

re: #31 AWG

[5] Tape: 3M 1298 Polyester Film, 2.0 mils thick, 9.8 mm wide

g Power Integrations
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8.4 Transformer Build Diagram

@8 -CO0CCO000—-
10

3 |, OCOCOCOCO00

_— Primary Winding

T

__—1layeroftape

3 — - @@OO000000C || Shield Winding

Figure 6 — Transformer Build Diagram.

8.5 Transformer Construction

Bobbin Preparation

Orient the bobbin such that the primary side pins of the bobbin are to the left
hand side.

WD #1 Start on pin 3, wind 18 bifilar turns of item [3] from left to right. Wind with tight
Feedback tension across entire bobbin evenly. Finish on pin 2.
Insulation 1 Layers of tape [5] for insulation
Start on pin 1, wind 37 turns of item [3] from left to right. After finishing the first
WD #2 layer, _placing one .Iayer of tape [5]. Continue fto_ wi_nd the second layer the V\(ire
Primary from right to left with another 37 tu_rns. Aﬂer_ finishing the sgcond_layer, placing
one layer of tape [5]. Continue to wind the wire from left to right with another 37
turns. Finish on pin 3.
Insulation 1 layer of tape [5] for insulation.
WD #3 Start at pin 8, wind 10 bifilar turns of item [4] from left to right. Wind uniformly.
Secondary After finishing the 10" turn, bring the wire back and finish it on pin 10.
Insulation 3 layers of tape [5] for insulation.
Grind core Grind the core to get 2.265 mH. Secure the core with tape. Vanish.
Finish Secure the core with tape. Vanish.

Page 15 of 41
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DER-260 5 V 300 mA Non-Isolated Flyback Converter 13-Oct-10

9 Performance Data

All measurements performed at room temperature and 50 Hz input frequency, except
where otherwise stated. For all tests, the full load is 300 mA.

9.1 Active Mode Efficiency
80

=115V
230V

70 -

(o]
o
N

Efficiency (%)
3

LN
o
N

30 -

20 - T T T T T T T T T
0 10 20 30 40 50 60 70 80 90 100

Load (%)

Figure 7- Efficiency vs. Input Voltage, Room Temperature, 50 Hz.

Percent of Full -
Load Efficiency (%)
115 VAC | 230 VAC
25 60.7 55.0
50 67.1 63.3
75 69.5 66.3
100 70.0 67.7
Average 66.8 63.1
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13-Oct-10 DER-260 5 V 300 mA Non-Isolated Flyback Converter

9.2 No-load Input Power (Not in Power Down Mode)

0.2
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Figure 8 — No-load Input Power vs. Input Line Voltage, 25°C, 50 Hz.
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DER-260 5 V 300 mA Non-Isolated Flyback Converter 13-Oct-10

9.3 No-load Input Power in Power Down Mode

The chart below shows the no load input power when in power down mode. In this mode,
the input power is typically less than 5 mW at 230 VAC. The input power must be tested
after 30 minutes to allow for the leakage currents of the bulk capacitors to stabilize.
Power readings taken before this period will be higher. Also all measurements must be
made without any multi meter or probes attached to the board as these tend to load the
input.

10.5

oo
(&)
\~

6.5 /

4.5 P

load Input Power (mW)

\

,
25 4

No

| —

0.5
80 95 110 125 140 155 170 185 200 215 230 245 260

Input Voltage (VAC)

Figure 9 — No-load Input Power in PD mode vs. Input Line Voltage, 25 °C, 50 Hz. 30 Minute Dwell Time at
230 VAC Prior to Taking Measurements.
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13-Oct-10 DER-260 5 V 300 mA Non-Isolated Flyback Converter

9.4 Available Standby Output Power

The chart below shows the available output power vs. line voltage for an input power of
0.5Wand 1.0 W.

0.7
0.6 T ——
0.5 =#=0.5 W Input |
=+=1.0 W Input
S 04
5
=
S 0.3 4
O "
\
0.2 =
0.1
0

80 100 120 140 160 180 200 220 240 260
Input (VAC)

Figure 10 — Available Output Power for 0.5 W and 1 W Input Power.
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DER-260 5 V 300 mA Non-Isolated Flyback Converter 13-Oct-10

9.5 Line Regulation
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Figure 11 — Full Load Regulation at Room Ambient.
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13-Oct-10 DER-260 5 V 300 mA Non-Isolated Flyback Converter

9.6 Load Regulation

5.25 :
=4=85V
5.20 =115V ||
230V
5.15 =265 \/ ||
S 5.10
L 5.05
SR -
g 5.00 e e e — —
EL 4.95
>
O 4.90
4.85
4.80
4.75

0 10 20 30 40 50 60 70 80 90 100
Load (%)

Figure 12 — Load Regulation at Room Ambient.
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DER-260 5 V 300 mA Non-Isolated Flyback Converter 13-Oct-10

10 Thermal Performance

Temperature measurements of key components were taken using T-type (Copper-
Constantan) thermocouples. The thermocouples were soldered directly to a Source pin of
the LNK584DG device and to the cathode of the output rectifier. The thermocouples were
glued to the external core and to winding surfaces of the transformer.

The unit was sealed inside a large box to eliminate any air currents. The box was placed
inside a thermal chamber. The ambient temperature within the large box was raised to
50 °C. The unit was then operated at full load and the temperature measurements were
taken after they stabilized for 1 hour at 50 °C.

Temperature (°C)
Iltem 85 VAC |265 VAC
Ambient inside the box 51.0 51.0
LN584DG (U1) 64 68
Output diode 71 73
Transformer 60 61

These results show that the IC has an acceptable rise in temperature.
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13-Oct-10 DER-260 5 V 300 mA Non-Isolated Flyback Converter

11 Waveforms

11.1 Drain Voltage and Current, Normal Operation

2010/06/28 13:17.07 NORM:100MS /s 10us /div 2010/06/28 13:18:09 NORM:100MS /s 10us /div
Stopped 3 (10us/div) Stopped i (10us /div)
: : : : CHI: OFF : : : CHI: OFF
W /div 10:1 : B B W /div 101
DC 0.00v : : : DC 0.00v
............................................... o o : : : oL o
100v/div 10001 : : : 200v/div 10001
DC ov DC o
CH3: OFF CH3: OFF
W/ div 1001 W/ div 101
Dc 0.00v [ 0.00v
! cHa: on CH: oM
: 100mv/div 101 100mv/div - 11
: : Dc 0.000v oc 0.000v
: : Record Length ) i : : Record Length
: : Main: 10K : : Main: 10K
b | Zoom: 100 Il FERUTEURUTN | USRI S | TR SRR | IEURUTUTRRE | ARSI Zoom: 100
: Filter : : Filter
: Smoothing:  ON J : Smoothing:  ON
: Bw: FULL o | . . b ol e BW: FULL
: : : : Trigger N ; : : T';isglef
H : H : : 3 : : : lode: AUTO
Tracez: wax | 260.0v L Nee T [meeemime seeov 0T e e
: : : : : Source: CH4 ¢ : : : Source: CH4 ¥}
Figure 13 — 85 VAC, Full Load. Figure 14 — 265 VAC, Full Load.
Upper: Vpran, 100 V / div. Upper: Vpran, 200 V / div.
Lower: Iprain, 0.1 A, 10 ps / div. Lower: Iprain, 0.1 A, 10 ps / div.
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DER-260 5 V 300 mA Non-Isolated Flyback Converter

13-Oct-10

11.2 Output Voltage Start-up Profile with Input Voltage

2010/07 /19 135341 NORMEMS /s 2ms fdiv
Stopped q (2ms /div)
: : : CH1: OFF
100m¥ /div 1021
AC
CH2: OFF
200 /div 1001
: : DC o
-~ * * CH3: ON
: : W /div 1001
: : : : : DC 0.00v
™ : : : : : CH4: OFF
: : : : : 200m¥ fdiv - 121
DC 0.002v
Record Length
: : Main; 100K
B PO PO SR PR PP SN Zoom: 1K
: : Filter
: : Smoothing:  ON
| B 20MHz
: : Trigger
Mode: NORMAL
Type: EDGE

Source: CH3 £

Figure 15 — Start-up Profile, 85 VAC, Full load,
1V /div., 2 ms/div.

2010/07 /19 1350012 NORMEMS /s 2ms fdiv
Stopped q (2ms /div)
: : CH1: OFF
100m¥ /div 1021
AC
CH2: OFF
200 /div 1001
: : DC v
o g B CH3: ON
: : W /div 1001
: : : : : DC 0.00v
™ : : : : : CH4: OFF
: : : : : 200m¥ fdiv - 121
DC 0.002v
Record Length
: : Main: 100K
S PP SO POTOE SOP RIS SORRPON Zoom: 1K
: : Filter
: : Smoothing:  ON
| B 20MHz
: : Trigger
Mode: NORMAL

Type: EDGE
Source: CH3 £

Figure 17 — Start-up Profile, 230 VAC, Full load,
1V /div.,, 2 ms/ div.

2010/07 /19 1350:49 MORM:5MS /5 2ms /fdiv
Stopped 3 (2ms fdiv)
: : : CH1: OFF
100mY /div 1001
AC
.................................................... e OFF
200V /div  100:1
DC oy
CH3: ON
W /div 101
DC 0.00v
CH4: OFF
200mY /div - 101
DC 0.002v

Record Length

Main: 100K
Zoom: 1K
Filter

Smoothing: ON
BwW! 20MHz
Trigger

Mode: NORMAL

Type: EDGE
Source: CH3 £

Figure 16 — Start-up Profile, 115 VAC, Full load,
1V /div., 2 ms/div.

2010/07 /19 13:48:32 HNORMEMS /s 2ms fdiv
Stopped 3 (2ms /div)
: : CHT: OFF
100m¥ fdiv 1011
AC
CHZ OFF
200% /div 1001
bC ov
CH3: ON
1V /div o1
: : bC 0.00%
............... R R [+ T2 OFF
200mV/div - 101
bC 0.002v
Record Length
: : Main: 100K
......................... Zoom: 1K
: : Filter
: : Smoothing: ON
b e 20MHz
: : Trigger
Mode: NORMAL
Type: EDGE

Source: CH3 £

Figure 18 — Start-up Profile, 265 VAC, Full load,
1V /div., 2 ms/div.
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13-Oct-10

DER-260 5 V 300 mA Non-Isolated Flyback Converter

11.3 Power Down Mode Reset via Q2

When U1 is reset from the power down mode, notice how the output starts increasing

after the BP pin voltage reaches 5.8 V.

2010/07/21 13:18:20 NORMEMS /s 2ms /div
Stopped 3 (2ms/div)
: : : CHT: ON
5V /div o1
DC 0.00v
............................................... che: OFF
200v fdiv 10021
: : : : : DG o
PRI TR R < - cHe: oN
: : : : : W/div 10:1
DC 0.00v
CH% OFF
E0mY Adiv 1=
DC 0.0020v
Record Length
Main: 100K
Zoom: 25K
Filter
: : Smoothing: ON
| BWE 20MHz
: : Trigger
: : Mode: NORMAL
| Types EDGE

Source: CH1 4

Figure 19 — Start-up Profile, 85 VAC, Full Load,
Upper: Vo, 1V /div., 2 ms/ div.
Lower: Vgp, 5V / div.

2010/07 /21 13:19:49 NORMEMS /s 2ms fdiv
Stopped ] (2ms /div)
: : : : : CH1: ON
5V /div 1001
DC 0.00v
CH2: OFF
200 /div 1001
DC ov
CH3: ON
W /div 1001
: : DC 0.00v
.................. b ol OFF
: : S0mV Adiv 1
DC 0.0020v
Record Length
Main: 100K
............................................... Zoom: 25K
Filter
Smoothing: ON

BwW! 20MHz
Trigger

In N N N
: : : : : Mode:  MORMAL
- ; ; : : : Type: EDGE

Source. CH1 £

Figure 21 — Start-up Profile, 230 VAC, Full Load,
Upper: Vo, 1V /div., 2 ms / div.
Lower: Vgp, 5 V / div.

2010/07/21 13:19:06 NORMEMS/s  2ms/div
T

Stepped (2ms /div)
: : CH1: ON
BV /div 101
bC 0.00v
""" CHz: OFF
200v/div 100:1
bC o
....................... cH: oM
W /div 101
bC 0.00v
""" CH4: OFF
50mY /div iH!
bC 0.0020Yv

Record Lengih

Main: 100K
Zoom: 25K
Filter
: : : Smoothing:  OM
BW: 20MHz
™ : : : Trigger
: : : Mode:  NORMAL
: : : Type: EDGE

= : : : Source: CH1 §

Figure 20 — Start-up Profile, 115 VAC, Full Load,
Upper: Vo, 1V / div., 2 ms / div.
Lower: Vgp, 5 V/ div.

2010/07 /21 13:20:59 HNORMEMS /s 2ms fdiv

Stopped (2ms /div)

: : CH1: ON
5V /div o1

bC 0.00%

CHZ OFF

200% /div 1001

bC ov

CH3: ON

1V /div o1

bC 0.00%

CH4: OFF

S0mV /div 1m

bC 0.0020v

Record Length

: : Main: 100K
......................... Zoom: 25K
: : Filter
: : Smoothing: ON
T s T BWE 20MHz
: : Trigger
Mode: NORMAL
......................... Type: EDGE

Source: CH1 £

Figure 22 — Start-up Profile, 265 VAC, Full Load,
Upper: Vo, 1V /div., 2 ms/ div.
Lower: Vgp, 5V / div.
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DER-260 5 V 300 mA Non-Isolated Flyback Converter

13-Oct-10

11.4 Power Down Mode Set via Switch Q1

2010/07 /21 1511455
Stopped q

NORM:Z00kS /s 50ms/div

(50ms/div)

CHI: OFF
5V /div 10:1
(1] o0.oov

CHz: OFF
200V /div - 100:1
pc ov

CH3: ON
W/div 10:1
1] 0.00v

CHA: OFF
S0mY /div 1m
1] 0.0020¥

Record Length

Main: 100K

Zoom: 2K
Filter

Smoothing:  ON

BW. 20MHz
Trigger

Mode: NORMAL

Type: EDGE

Source: CH3 ¥

Figure 23 — Power Down Latch Off, 85 VAC,
Full Load, 1 V / div., 50 ms / div.

2010/07/21 15:112:33
Stopped ¥

NORM:200kS8/s  50ms/div

(50ms fdiv)

CHT: OFF
5V 7div 1011
1] 0.00v

CH2: OFF
200% fdiv - 100:1
1] oy

CH3: ON
W idiv 101
DC 0.00v

CH4: OFF
50mVY /div 1
(1] 0.0020%

Record Length

Main: 100K

Zoom! 2K
Filter

Smoothing: ON

BW! 20MHz
Trigger

Mode: NORMAL

Type: EDGE

Source: CH3 ¥

Figure 25 — Power Down Latch Off, 230 VAC,
Full Load, 1V / div., 50 ms / div.

2010/07 /21 151413 NORM:200kS/s  5Dms/div
Stepped 3 (50ms/div)
: CHT OFF

BV /div 101
[ 0.00v
CHz2: OFF
200¥ /div - 100:1
DC oy

| CH3: ON
W /div o1
Dc 0.00v

| CHe: OFF
S0m¥ /div 1m
DC 0.0020v
Record Length
Main: 100K
Zoom: 2K
Filter
Smoothing: ON

.| BWE 20MHz
Trigger
Mode: NORMAL
Type: EDGE

Source: CH3 ¥

Figure 24 — Power Down Latch Off, 115 VAC,
Full Load, 1V /div., 50 ms / div.

2010/07/21 15:14:55 NORM200kS/s  50ms/div
Stopped q (50ms/div)

: : : : CH1: OFF

5V /div 10:1

DC 0.00v

....................... ot pad

200v/div  100:1

DC o

‘| CH3: ON

W/ div 1001

DC 0.00v

-| CHA: OFF

somv/div 11

DG 0.0020v

Record Lengih

Main: 100K
-| Zoom: 2K

Filter

Smoothing: ON

BW: 20MHz

Trigger

Mode: NORMAL

Type: EDGE

Source: CH3 ¥

Figure 26 — Power Down Latch Off, 265 VAC,
Full Load, 1V / div., 50 ms / div.
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13-Oct-10 DER-260 5 V 300 mA Non-Isolated Flyback Converter

11.5 Drain Voltage and Current Start-up Profile

2010/07 /19 142223 NORM:10MS /s ms /div
Stopped 3 (1ms /div)

CH1: OFF
100mY /div 1001

AC
CH2: ON
100v/div - 10001

100mv sdiv 101
bc 0.002y

Record Length
Main: 100K
Zoom: ®K
Filter

Smoothing: OFF

n BW: FULL
Trigger

Mode: SINGLE

Type: EDGE

Source: CH4 &

Figure 27 — 85 VAC Input and Maximum Load.
Upper: VDRAIN, 200 V / div.
Lower: IDRAINa 0.1 A, 1 ms/div.

2r]

2010707719 132314 MNORM:10MS /s ms /div
Stopped ¥ (1ms /div)

CH1: OFF
10omv/div 1011
AC
CHZz: ON

200%/div 10001
DC oV
CH3: OFF
W fdiv o
DC 0.00v
CH4: ON
100mv/div - 101
DC 0.002v

Record Length
hain: 100K
Zoom: K
Filter

Smoothing: OFF
BW! FULL
Trigger

Mode: SINGLE
Type: EDGE
Sourcel CH4 £

Figure 28 — 265 VAC Input and Maximum Load.

Upper: VDRAINS 200 V / div.
Lower: IDRAINa 0.1 A, 1 ms / div.
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DER-260 5 V 300 mA Non-Isolated Flyback Converter

13-Oct-10

11.6 Load Transient Response

11.6.1 ~ 0% to 100% Load Step

2010/07/20 10:47:03 MORM:100kS/s  100ms/div
Stopped 1 (100ms /div)

CHT: OFF
100m¥ /div 101
............ cHE: OFF
200v fdiv 10021
DC ov
T CH3: ON
20mV Adiv - 1001
AC

..... N (=1 ] oM
200mV/div - 101
DC 0.002v

Record Length

Main: 100K
Zoom: 2K
Filter

Smoothing: ON
BW: 20MHz
Trigger

Mode: NORMAL
Type: EDGE

Source: CH4 4

Figure 29 — Transient Response, 85 VAC,
4 mA — 300 mA —4 mA,
Upper: Vo, 20 mV / div., 100 ms / div.
Lower: lp, 0.2 A/ div.

MORM:100kS /s 100ms /div

2010407720 10:54:57
3 (100ms/div)

Stopped

CH1: OFF
100m¥ /div 101
AC

CHZ: OFF
200V /div 10021
[1e3 ov
CH3: ON
20mV /div - 1001
AC

CH#: ON
200m¥ fdiv - 121
DC 0.002y

Record Length

Main: 100K
..................................... Zoom: 2K

Filter

Smoothing: ON
........... BW: 20MHz

Trigger

: : : Type: EDGE
= Source: CH4 F

Figure 31 — Transient Response, 230 VAC,
4 mA - 300 mA —4 mA,
Upper: Vo, 20 mV / div., 100 ms / div.
Lower: lp, 0.2 A/ div.

2010/07 /20 10:48:20
Stopped q

MORM:100kS /s 100ms /div
(100ms /div)

CH1: OFF
100m¥ fdiv 1011

OFF
200V fdiv 1001
[11o] o
Ll “'|CH3 ON
20mV fdiv. - 101
Ac
CH4: ON
200my/div - 111
[11o] 0.002v

Record Length

Main: 100K
Zoom: 2K
Filter

Smoothing:  ON
BW: 20MHz
Trigger

Mode: NORMAL
Type: EDGE
Source: CH4 4

Figure 30 — Transient Response, 115 VAC
4 mA — 300 mA —4 mA,
Upper: Vo, 20 mV / div., 100 ms / div.
Lower: o, 0.2 A/ div.

MORM:100kS /s 100ms/div

2010707 /20 105548
g (100ms /div)

Stopped

CH1: OFF
100m¥ /div - 1011
Ac

CHZ OFF
200 /div 1001
(1] o

CH3: ON
20mV fdiv - 1011
AC

CH4: ON
200mv/div - 111
bC 0.002v

Record Length
Main: 100K
.| Zoom: 2K
Filter
Smoothing:  ON
.| BW: 20MHz
Trigger

Mode: NORMAL
Type: EDGE
Source: CH4 4

Figure 32 — Transient Response, 265 VAC,
4 mA —-300mA -4 mA,
Upper: Vo, 20 mV / div., 100 ms / div.
Lower: lg, 0.2 A/ div.
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13-Oct-10 DER-260 5 V 300 mA Non-Isolated Flyback Converter

11.6.250% to 100% Load Step

2010/07 /20 11:2055 NORM:100kS /s 100ms/div 2010/07 /20 11:19:55 NORM:100kS/s  100ms/div

Stopped i (100ms / div) Stopped ] (100ms /div)
: : i : : CH1: OFF : : : : : CHTL OFF
I 100m¥ /div 101 : : : : : 100mY /div  10:1
B AC AC
CH2: OFF CHz: OFF
200 /div 1001 200 /div - 100:1

13 ov DC ov
CH3: ON L Y CHz: ON
20mv/div - 1001 20mV /div - 10:1
AC AC

oo on STIROREIN B O e o T 1 on
200m¥ fdiv - 121 200mv/fdiv. 111
103 0.002y DC 0.002v

Record Length Record Length

L : Main: 100K
;':;::'_ wgi : Zoom: 2K
............................................... Zoom: : Filter

P : Smoothing: ON
Em‘_’“‘“‘"g-ZUM(:E : BW: 20MHz

Trig‘ger : Trigger
: Mode: NORMAL

Mode: NORMAL -
Type: EDGE arl Type: ) EDGE
= Source. CH4 £

= Source: CH4 F

Figure 33 — Transient Response, 85 VAC, Figure 34 — Transient Response, 115 VAC,

ar

2010/07 720 11:19:09

Stopped

150 mA — 300 mA — 150 mA,
Upper: Vo, 20 mV / div., 100 ms / div.
Lower: lp, 0.2 A/ div.

NORM:100kS/s  100ms/div
(100ms/div)

CHT: OFF
100m¥ /div 1001
AC

CHZ OFF

200v fdiv 10021

20mv Adiv - 1001
: : AC
P PP FRPS e [T 3 oM

200mV/div - 101
DC 0.002v

Record Length

Main: 100K
Zoom: 2K
Filter
Smoothing: ON
BW: 20MHz
Trigger
Mode; NORMAL
...................................... Type: EDGE

Source: CH4 4

Figure 35 — Transient Response, 230 VAC,

150 mA — 300 mA — 150 mA,
Upper: Vo, 20 mV / div., 100 ms / div.
Lower: I, 0.2 A/ div.

2010707 /20 11:18:14
Stopped 3

150 mA — 300 mA — 150 mA,
Upper: Vo, 20 mV / div., 100 ms / div.
Lower: lg, 0.2 A/ div.

MORM:100kS /s 100ms /div
(100ms /div)

CH1: OFF
100m¥ fdiv 1011
AC

il CH2: OFF
200V fdiv 1001
bC o

CH3: ON
20mV fdiv. - 1021
Ac

CH4: ON
200my fdiv. 111
bC 0.002v

Record Length
Main: 100K
Zoom: 2K

Filter
Smoothing: ON
BW: 20MHz

Trigger
Mode: NORMAL

.......................... Type: EDGE

Source: CH4 4

Figure 36 —

Transient Response, 265 VAC,

150 mA — 300 mA — 150 mA,

Upper: Vo, 20 mV / div., 100 ms / div.
Lower: o, 0.2 A/ div.
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DER-260 5 V 300 mA Non-Isolated Flyback Converter 13-Oct-10

11.6.3 100% to 0% (No-Load) Load Step

This following transient load tests verify that under extreme conditions of transient loads,
power down mode is not triggered.

2010407 /20 13:11:36 NORM:200kS/s  50ms /div 2010/07/20 131226 NORMIZOOKS /s 50ms/div
Stopped i (50ms /div) Stopped 3 (S0ms /<iv)
: : : : : CHI: OFF : ; : cH: OFF
100mYy fdiv 1001 : : : 100mv/div 1011
AC : : : AC
cHZ: OFF cHz: OFF
200¥/div 10001 200% /v 100:1
it ov bC ov
o o T s s s cHa: on
20m¥ Fdiv - 1001 : : : 20my/div 1011
Ac Ac
cha: on ~|cHa: on
200mvAdiv 101 200my sdiv 11
nc 0.002v

DC 0.002y

Record Length

Record Length Main: 100K

Main: 100K : : :
. : : : Zoom: 2K
Fﬁf:rm. = : : : Filter
. : : : Smoothing:  OM
Em‘_’"‘"'“g'zwfg o TR T O OO SO SO O TNt OO OOt PO UUUOE SOOUTOT SOUOTIO Bw: 201z
Tris < jer : : : Trigger
19ge : : : Mode: NORMAL
Mode:  NORKAL [ : : : Type: EDGE

Type: EDGE 4]
Source: CH4 ¢

Source: CH4 ¥

Figure 37 — Transient Response, 85 VAC, Figure 38 — Transient Response, 115 VAC,
300 mA -0 mA 300 mA-0mA
Upper: Vo, 20 mV / div., 50 ms / div. Upper: Vo, 20 mV / div., 50 ms / div.
Lower: lg, 0.2 A /div. Lower: lg, 0.2 A/ div.
2010/07 720 13:13:09 NORM:200kS/s  50ms/div 2010/07 /20 13:14:00 MORM:200kS/s  50ms /div
Stopped ] (50ms /div) Stopped q (50ms /div)
- : - - - CHT: OFF : : : CHI: OFF
100m¥ /div 1001 100mv /div - 10:1
AC AC
CHZ: OFF CHz: OFF
200v fdiv  100:1 200V fdiv 10021
: : : DC o DC ov
.............. S O OO SO SO .04 o ol -

20mV fdiv. - 1021
Ac
i CHE: ON

20mv Adiv - 1001

ON
200mYAdiv 121 200mv/div 111
i : pC 0.002v pc 0.002v
; o
ar " Jn i v .
- 3 : : : Record Length : : : Record Length
Matin: 10K : : : Main: 100K
: : : : : Zoom: 2K : : : Zoom: 2K
: : : : : Fiter " : : : Filter
- ‘ : : : Py, : : : Smoothing:  ON
N : : : : gm‘_mthmg.zwc:g EN : : : BW: 20MHz
: : : ' Trigger : : : Trigger
: : : : Mffe_ HORMAL : : : Mode: NORMAL
: : : : Type: EDGE ap| e . - - Type: EDGE
ap| - = : : : Source: CH4 ¢

= : H : : : Source. CH4 ¢

Figure 39 — Transient Response, 230 VAC, Figure 40 — Transient Response, 265 VAC,
300 mA-0mA 300 mMA-0mA
Upper: Vo, 20 mV / div., 50 ms / div. Upper: Vo, 20 mV / div., 50 ms / div.
Lower: I, 0.2 A/ div. Lower: o, 0.2 A/ div.
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11.6.4 0% to 100% Load Step

2010/07 720 13:21:38 NORM:200kS/s  50ms/div 2010/07 /20 13:20:48 NORM:200kS /s 50ms/div

Stepped  § (50ms /div) Stopped Y (50ms /div)
: : : : : CHTL OFF : R R CH1: OFF
100mv /div 101 : : : 100mv/div 101
Ac : : : Ac
ot oFF ; : : s ofFF
200V /div 1001 200V /div 10001
DC ov DC o
CHa3: ON CH3: oN
20mv/div 1001 20mv/div 1001
AC ac
CH&: ON CH4: oN
200mv/div - 1:1 200m¥/div - 11
DC 0.002v bc 0.002Y
Record Length Record Length
Main: 100K : : : Main: 100K
[UUURUOTE SOTPTR TS PO Do ddi | Zoom: 2K s e Zoom: 2K
: : : 0 : : : Filter
Filter .
: : ; - ing:  ON * * * oothing:  ON
E SRR A e R :"":""T‘if“s’,;e, 20MHz N PO SO DO UPUUNS DOUPTUPUNE FOPRURES SSUOTPR SOVOTPON e e e ler\i:.gar 20MHz
i : : : .
Made: NORMAL | T Ve
Type: EDGE = : : : Source: CH1 &

Source: CH4 F

Figure 41 — Transient Response, 85 VAC, Figure 42 — Transient Response, 115 VAC,
0 mA - 300 mA 0 mA - 300 mA
Upper: Vo, 20 mV / div., 50 ms / div. Upper: Vo, 20 mV / div., 50 ms / div.
Lower: lg, 0.2 A/ div. Lower: lg, 0.2 A/ div.

2010407720 13:19:40 NORM:Z00kS/s  50ms/div 2010/07/20 13:18:43 MORM:200kS/s  S0ms/div
Stepped L] (50ms /div) Stopped g (50ms /div)
: : : : : CHI: OFF : : CHT: OFF
100mv /div 101 100mv/div 101
Ac Ac
CHz: OFF CHZ OFF
200V /div 10021 200v/div 10001
DC ov DG o
CHa3: ON CH3: ON
20mv/div 101 20mv/div 1001
AC Ac
CH4: ON CH4a: ON
200mV/div - 101 200m¥/div 11
DC 0.002v

DG 0.002y

Record Length Record Length

L Main: 100K
';:\;I:r.n' wgi Zoom: 2K

Filter ) Filter
: ing:  OM ? B : g:  ON
: : : : 9 : : : BW: 20MHz

[RURUUREIUURULUU IUOPUUPOE SUPRPOE SOOOON Lo BW: 20MHz = .
= : : : : Trigger : : : Trigger

MI?(?B' NORMAL : : : Mode: NORMAL
: : : Type: EDGE ar S PO PP PP FOPE PR SRR PE PP PPRIOE RPN Type: EDGE
.............. 3 L : : : Source: CHi 4

= : : : : : Source: CH4 A4

Figure 43 — Transient Response, 230 VAC, Figure 44 — Transient Response, 265 VAC,
0 mA — 300 mA 0 mA — 300 mA
Upper: Vo, 20 mV / div., 50 ms / div. Upper: Vo, 20 mV / div., 50 ms / div.
Lower: lg, 0.2 A/ div. Lower: lg, 0.2 A/ div.
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11.7 Output Ripple Measurements

11.7.1 Ripple Measurement Technique

For DC output ripple measurements, a modified oscilloscope test probe must be utilized
in order to reduce spurious signals due to pickup. Details of the probe modification are
provided in the figures below.

The 5125BA probe adapter is affixed with two capacitors tied in parallel across the probe
tip. The capacitors include one (1) 0.1 uF/50 V ceramic type and one (1) 1.0 uF/50 V
aluminum electrolytic. The aluminum electrolytic type capacitor is polarized, so
proper polarity across DC outputs must be maintained (see below).

Probe Ground

Figure 46 — Oscilloscope Probe with Probe Master 5125BA BNC Adapter. (Modified with wires for probe
ground for ripple measurement, and two parallel decoupling capacitors added)
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11.7.2 Measurement Results at 25°C Ambient Temperature

2010/07/19 16:11:00 MORM5MS/s  2ms/div 2010/07/19 16:11:42 MORMSMS/s  2ms/div
Stepped 4 (2ms /div) Stopped q (2ms/div)
: : : : cH1: OFF : : : : cHI: OFF
J00mvsdiv 101 [PSUTUUUTS TOUURUOUOS TOUUPPORDE SOUUPOONY £ IUUOUESUUPRIPTE NOTORION FET P TR P 00mvsdiv 101
N N N N AC - - N N ac
e BT B oFF JRUPURUEFOPUPUPREFSURURUPOE SORURUON £ ISUDUUOS: JURUPTORE FOROPOPO FET P TR P i oFF
: : : : 2007 /div - 100:1 : : : : 200v 7div 10011
" nc o nc o
~ [ S TR TN T DT 2omvzdiv - 10n 20mvsdiv 101
: : : : AC : : : : AC
Th| : : : : CH4: OFF L N R (RSN e CH4: OFF
LR s | womvgdiv 1 [P FUUOUNUN FUURUUUNT SOVUUURN £ RN SUOUOTOT SOUUUUUN SOUURONS SOOIt SRR 100mv /div 101
Trace3: P-P | 20.60mY Max I 14.40mv Avg | 1.193W bc 0.002v Trace3: P-P | 21.60mv |/ Max I 13.60mv__ | Avg  2.872mY e 0.002v
: : : T OBIUS/ONY | pecard Length : : : : SB0US7AY | pocord Length
DU Maing 100K : : : : Main: 100K
Zoom: 25K : : : : Zoom: 25K

Filter Filter

Smoothing:  ON Smoothing: ON

P MWMV N N Y N v AV VA Ve AN I

S i R : ‘\N"’ Trigger : T';igé]e.r .

. Lol .. | Mode: auTo : : : : T;p:: o
Type: EDGE : : : : -

Source: CH4 £ : : : : Source: CH1 &

Figure 47 — Output Ripple, 85 VAC, Full Load, Figure 48 — Output Ripple, 115 VAC, Full Load,
Upper: Ripple, 2 ms, 20 mV / div. Upper: Ripple, 2 ms, 20 mV / div.
Lower: Ripple, 50 us, 20 mV / div. Lower: Ripple, 50 us, 20 mV / div.

2010/07 /19 16212:25 MORMBMS/s  2ms /div 2010/07 /19 16:13:44 NORM:SMS/s  2ms/div
T

Stopped 3 (2ms /div) Stopped ] (2ms /div)
B B N CH1: OFF CH1: OFF
: : : : W0OMYAdiv 101 | e S TS SO SPUUOUU SOUROPUUOE SURUPO 100mV/div 1001
: : : : ac : : : : : : : : ac
e TS PPN PRI P oFF P TR UOS 1 (AN S TR E TRt Prones OFF
: : : : 200v/div 1001 : : : : : : : : 200v/div 100:1
i i i ; pC ov DC i
¥ i h " " Zomvidiv 1001 h : : : : : ! : 20mv/div 1001
: : : : Ac o : : : : : : : : AC
n Lo oFF T oy OFF
: : : : Tomvsdy 11 e | omvdiv 11
i : nc 0.002v Traced: P-P | 24.00mv || Max I 12.00mv | Avg | 879.0uv bc 0.002v
Traced: P-P | 24.80mY Max I 12.80mv Avg © 1.458mv _
: : : i O5S0us/div pacord Length FE T T SO SO PR UL U UPRPR: SO PRPOE UPOPRPOE SUPRRRPOE POt ‘T’.S[fuﬁs(‘.jl\.’.nec"rdm"gm
: . : : : : : : : : Main: 100K
Main: 100K .
. : Zoom: 25K
| Zoom: 25K : : : : : : : : Filter
b albing: ON IV ) A | Seating o
: : ‘ : : ; il ; : \ : ; BW: 20MHz
a V.-.;N"\W M\f"{m\hrm\(“v ™, ,Vg.x\fkq W AW _‘J-‘/\ Y)‘\IJ"J‘ BW: oMbz arpy™ \fw‘h\"ﬁf L Yai v g _V‘Lwhw L Trigger
N : : R Y v Trigger : : : : : : : : Moder  AUTO
e R o] Moder AUTO : : : : : : : : Type ote
Type: EDGE S TTIFII TR NSURITE: Moo Do | YR F
Source: CH4 £ : : : : : : : :

Figure 49 — Output Ripple, 230 VAC, Full Load, Figure 50 — Output Ripple, 265 VAC, Full Load,
Upper: Ripple, 2 ms, 20 mV / div. Upper: Ripple, 2 ms, 20 mV / div.
Lower: Ripple, 50 us, 20 mV / div. Lower: Ripple, 50 us, 20 mV / div.
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11.8 Output Short-Circuit at Room Ambient

In the event of a short circuit on the output, the LNK584DG enters auto-restart mode. In
this protection model, switching is disabled. The auto-restart alternately enables and
disables the switching of the power MOSFET at a duty cycle of typically 12% until the
fault condition is removed.

11.8.1 Auto-Restart On/Off Time Test

Trigac

|
1\.
|

|

|

|

!
Es
I

!

Measure P1:outyiC4) PIperiod(Cd) PRs=e P~ PSxex Piiee s
value 1408% 220719048
status o v

Ki= 3 ]
K= 0.00ms 1id¥= 31942 Mz

Figure 51 — 85 VAC Input, Short-Circuit.
Upper: VDRAINy 100 V / div.
Lower: lpran, 0.2 A, 500 ms / div.
Auto-restart On Time, 313 ms. Auto-restart Off Time, 1.9 s.

|
ps
|
|
|

Measure PlioutC4)  PperiodiC4) Pa--- PA--- PE--- Pi---
iy 1392% 27amMEs
status L v

00 & ]
M= H52ims &= -352ms
Xi=  000ms 1= 253030 H:

I s on

Figure 52 — 265 VAC Input and Maximum Load.
Upper: VDRAIN, 200 V / div.
Lower: Iprain, 0.2 A, 20 ps / div.
Auto-restart On Time, 395 ms. Auto-restart Off Time, 2.4 s
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DER-260 5 V 300 mA Non-Isolated Flyback Converter

11.8.2 Drain Voltage and Current Under Output Short-Circuit

The waveforms show that there is no saturation of the transformer under output short
circuit and the voltage stress is also below the 700 V BVpss rating of the LNK584DG.

2010/06/29 10:09:31 HNORMZMS /s 5ms 7 div
Stopped 3 (5ms /div)

W/rdiv 10:1

Dc 0.00v
CHz: ON
100¥ /div - 100:1
o

OFF

50V /div 101
Dc 3.5V
CH4: ON
S0mVy /div 1m
Dc 0.0020Y

i ——
= : Record Length
Main: 100K
Zoom: K
Filter
Smoothing: ON
Ih BW: 20mMHz
: Trigger
: Mode: NORMAL
TraceZ: Max Type: EDGE

Source: CH4 4

Figure 53 — 85 VAC Input and Maximum Load.
Upper: VDRAIN, 100 V / div.
Lower: Iprain, 0.05 A, 5 ms / div.

2010/06/29 10:15:21 NORMSMS /s 2ms/div
Stopped 3 (2ms/div)

W /div 101

Dc 0.00v
CHz: ON
200V /div 1001
Dc oy
CH3: OFF

50V /div 101

Dc 3.5v
CH%: ON
50mV /div 11
Dc 0.0020%

Record Length

T Main: 100K
......... S| Zoom) K
Filter

Smoothing:  ON
Ih| BW: 20MHz
Trigger

Model  NORMAL
Trace2: Max Type: EDGE

Source: CH4 4

Figure 55 — 265 VAC Input and Maximum Load.
Upper: Vprain, 200 V / div.
Lower: Ipran, 0.05 A, 5 ms / div.

2010/06/29 10:11:09 NORM:100MS/s  10us/div
ki

Stopped (10us/div)
: CH1: OFF
W/ div o1
DC 0.00v
‘| CH2 ON

100% /div. - 10001
DC o
CH3: OFF
B0V /div 1001
[ 3.5V
| CH4: ON
S0mVY Fdiv 1

DC 0.0020¥
L
Record Length
Main: 10K
Zoom: 100
Filter
Smoothing:  ON
ENS | Bwe 20MHz
Trigger
Mode: NORMAL
Trace?; Max 624.0‘/ : Type: EDGE
gp et > -
In H : sourcel CH4 &

Figure 54 — 85 VAC Input and Maximum Load.
Upper: VDRAINS 100 V / div.
Lower: Ipra, 0.05A, 20 us / div.

2010/06/29 10:18:53 NORM:100MS /s Tus /div
Stopped b (lus 7div)
: : : CH1: OFF
W/ div 11
DC 0.00v
CHZ2: ON

Dc 35v
CH4: ON
50mYV /div 11
DC 0.0020v

Record Length
Main: 1K
Zoom: 100
Filter

Smoothing:  ON
BW: 20MHz
Trigger

Mode: NMORMAL
Type: EDGE
Source: CH4 £

TraceZ: Max 480.0v

Figure 56 — 265 VAC Input and Maximum Load.
Upper: VDRA|N1 200 V / div.
Lower: IDRAINa 0.05 A, 1 us / div.
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12 Line Surge

Input line 1.2/50 pys common-mode and differential mode surge testing was completed on
a single test unit to IEC61000-4-5. Input voltage was set at 230 VAC / 60 Hz. Output was
loaded at full load and operation was verified following each surge event. Test conditions
and results are shown below.

Surge Input L Line Injection

Lev%l Vol?age E{ggﬂg?‘ Impedance Ighase NLéTgeerSOf -[gzgs/izw)t
(V) (VAC) () )

+1000 230 LtoN 2 90 10 Pass

-1000 230 LtoN 2 270 10 Pass

+2000 230 L/N to GND 12 90 10 Pass

-2000 230 L/N to GND 12 270 10 Pass

Units passed under all test conditions.

E
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13 EMI Tests at Full Load

Conducted emissions tests were performed at 115 VAC and 230 VAC at full load.
Composite EN55022B / CISPR22B conducted limits are shown. All the tests show
excellent EMI performance.

13.1 EMI Results

dBuv — EMV QP — EN_V AV

014 1.0 100 100.0
MHz

Figure 57 — Conducted EMI at 115 VAC 60 Hz, 0.3 A Load, Secondary Ground Connected to Atrtificial
Hand.
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100.0
MWMHz

Figure 58 — Conducted EMI at 230 VAC 60 Hz, 0.3 A Load, Secondary Ground Connected to Atrtificial
Hand.

tByY ——— ENV.GP ——————— EN.V AV

0.15 1.0 10.0 1000
MHz

Figure 59 — Conducted EMI at 115 VAC 60 Hz, 0.3 A Load, Secondary Ground Floating.
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dBpY — ENVY QP ————— EN.V AV

100.0

MHz

Figure 60 — Conducted EMI at 230 VAC 60 Hz, 0.3 A Load, Secondary Ground Floating
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