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1 Introduction

This document is an engineering report describing a power supply utilizing a LNK623.
This power supply is intended as a general purpose evaluation platform for
LinkSwitch-CV.

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

Figure 2 — Populated Circuit Board Photograph.
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2 Power Supply Specification
Description Symbol Min Typ Max | Units Comment
Input
Voltage Vin 85 265 VAC 2 Wire —no P.E.
Frequency fLine 50/60 Hz
No-load Input Power (230 VAC) 0.18 w
Output
Output Voltage 1 Vouri 5 V +5%
Output Ripple Voltage 1 VRiPPLEL mV 20 MHz bandwidth
Output Current 1 lout1 0.15 A
Output Voltage 2 Vout1 12 \Y +10%
Output Ripple Voltage 2 VRipPLEL mV 20 MHz bandwidth
Output Current 2 louTt 0.25 A
Total Output Power
Continuous Output Power Pout 3.8 W
Efficiency
Full Load n % Measured at Poyr 25 °C
Average active efficiency at 25, % Per California Energy Commission
50, 75 and 100 % of Pout Mcec 0 (CEC)/ ENERGY STAR EPS v2
Environmental
Conducted EMI Meets CISPR22B / EN55022B
Safety Designed to mcsztsISE”C%O, UL1950
1.2/50 ps surge, IEC 1000-4-5,

Surge kv Diffrontial Moge: 2 2

Common Mode: 12 Q

100 kHz ring wave, 500 A short
Surge kV circuit current, differential and
common mode

Ambient Temperature Tave 0 40 °C Free convection, sea level
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3 Schematic
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Figure 3 — Schematic.
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4 Circuit Description

The LNK623PG has an integrated 700 V switching MOSFET and ON/OFF control
function which together deliver high efficiency under all load conditions and low no-load
energy consumption. Both the operating efficiency and no-load performance exceed all
current international energy efficiency standards.

The IC monolithically integrates the 700 V power MOSFET switch and controller. A
unique ON/OFF control scheme provides CV regulation.

The controller consists of an oscillator, a feedback (sense and logic) circuit, a 5.8V
regulator, BYPASS pin programming functions, over-temperature protection, frequency
jittering, a current-limit circuit, leading-edge blanking and an ON/OFF state machine for
CV control.

The LNK623PG also provides a sophisticated range of protection features including auto-
restart for control loop component open/short circuit faults and output short circuit
conditions. Accurate hysteretic thermal shutdown ensures safe average PCB
temperatures under all conditions.

The IC package provides extended creepage distance between high and low voltage pins
(both at the package and PCB), which is required in highly humid environments to
prevent arcing and to further improve reliability.

4.1 Input EMI Filtering

AC input power is rectified by diodes D1 through D4. The rectified DC is filtered by the
bulk storage capacitors C1 and C2. Components L1, L2, C1 and C2 form a pi (1) filter,
which attenuates conducted differential-mode EMI noise. Resistors R1 and R2 damp high
frequency ringing and improve EMI.

4.2 LNK623 Primary
The device is powered from the BYPASS pin via the decoupling capacitor C4.

The rectified and filtered input voltage is applied to one end of the primary winding of T1.
The other side of the transformer’s primary winding is driven by the integrated MOSFET
in U1. The leakage inductance drain voltage spike is limited by an RCD-R clamp
consisting of components D5, R3, R4, and C3.

4.3 Output Rectification

The +5 V secondary of the transformer is rectified by D7, a Schottky barrier type for
higher efficiency, and C5. In this application, L3 and C16 are used to reduce voltage

ripple.

The +12 V secondary is rectified by Schottky barrier D6 and C7.

g Power Integrations
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4.4 Output Feedback

The LNK623 regulates the output using On/Off control in the constant voltage (CV)
regulation region of the output characteristic. The output voltage is sensed by a feedback
winding on the transformer. The feedback resistors (R5 and R6) were selected using
standard 1% resistor values to center both the nominal output voltage threshold.

Power Integrations E
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5 PCB Layout

DER213

1432

3712

Figure 4 — Printed Circuit Layout.
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6 Bill of Materials

Ref
ltem | Oty Des Description Mfg Part Number Mfg
1 1 C1 4.7 uF, 400 V, Electrolytic, (8 x 11.5) TAQ2G4R7MKO0811MLL3 Taicon Corporation
2 1 C2 10 uF, 400 V, Electrolytic, Low ESR, 90 mA, (10 x 16) SMQ400VB10RM10X16LL | Nippon Chemi-Con
3 1 C3 1 nF, 1000 V, Ceramic, X7R, 0805 C0805C102KDRACTU Kemet
4 1 C4 1 pF, 25V, Ceramic, X7R, 1206 ECJ-3YB1E105K Panasonic
220 pF, 10 V, Electrolytic, Very Low ESR, 130 mQ,
5 1 C5 (6.3x11) EKZE100ELL221MF11D Nippon Chemi-Con
6 1 C6 47 uF, 16 V, Electrolytic, Low ESR, 500 mQ, (5 x 11.5) ELXZ160ELL470MEB5D Nippon Chemi-Con
330 uF, 16 V, Electrolytic, Very Low ESR, 72 mQ,
1 Cc7 (8x11.5) EKZE160ELL331MHBS5D Nippon Chemi-Con
1 C8 470 pF, 100 V, Ceramic, X7R, 0805 ECJ-2VB2A471K Panasonic
D1 D2
D3 D4
9 5 D5 1000 V, 1 A, Rectifier, DO-41 1N4007-E3/54 Vishay
10 1 D6 100 V, 1 A, Schottky, DO-41 SB1100 Fairchild
11 1 D7 40V, 1 A, Schottky, DO-41 SB140 Vishay
J6 J7
J8 J9
12 5 J10 Test Point, WHT,THRU-HOLE MOUNT 5012 Keystone
13 2 L1L2 | 2200 uH, 0.21 A SBC4-222-211 Tokin
14 1 L3 33uH,15A SSB64-3R3 Tokin
15 2 R1R2 | 5.1kQ, 5%, 1/4 W, Metal Film, 1206 ERJ-8GEYJ512V Panasonic
16 1 R3 330 kQ, 5%, 1/4 W, Metal Film, 1206 ERJ-8GEYJ334V Panasonic
17 1 R4 300 Q, 5%, 1/4 W, Metal Film, 1206 ERJ-8GEYJ301V Panasonic
18 1 R5 11 kQ, 1%, 1/4 W, Metal Film MFR-25FBF-11K0 Yageo
19 1 R6 6.65 kQ, 1%, 1/4 W, Metal Film MFR-25FBF-6K65 Yageo
20 1 R7 51 Q, 5%, 1/4 W, Metal Film, 1206 ERJ-8GEYJ510V Panasonic
21 1 RF1 10 Q, 2 W, Fusible/Flame Proof Wire Wound CRF253-4 10R Vitrohm
22 1 T1 Bobbin, EF 16, Horizontal, 8 pin SP 1738 K Kaschke
23 1 U1 LinkSwitch-CV LNK623PG Power Integrations
Power Integrations E
Tel: +1 408 414 9200 Fax: +1 408 414 9201
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7 Transformer Specification

7.1 Electrical Diagram

1 - 8
WD #1 WD #5
Cancellation Secondary
22T X2 10 T TIW X2
NC 1 5
WD #2 WD#4
Primary Secondary
124 T 8 T TIW X2
3 . 6,7
4
k]
WD#3
Feedback
7TX4
2

7.2 Electrical Specifications

Electrical Strength 1 second, 60 Hz, from primary to secondary 3000 VAC
Primary Inductance Pins 1-2, all other windings open, measured at 2.800 mH,
y 66 kHz, 0.4 VRMS +10%
Resonant Frequency Pins 1-2, all other windings open 500 kHz (Min.)
. Pins 1-2, with pins 10 and 9 shorted, measured at
Primary Leakage Inductance 66 kHz, 0.4 VRMS 75.0 uH

7.3 Materials

Item Description
[1] Core: PC44, gapped for A, of 182 nH/t’
[2] Bobbin: Horizontal 8 pin, EF16 with extended creepage

[3] Magnet Wire: 0.15 mm diameter (double insulation)
[4] Magnet Wire: 0.20 mm diameter (double insulation)
[5] Triple Insulated Wire: 0.2 mm diameter

[6] Tape, 3M

[7] Varnish

Power Integrations
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7.4 Transformer Build Diagram

WD #5 Secondary

WD #4 Secondary

000000000000 & MuIn
000000000000 & im

6,7

WD#3 Feedback

0000000000 . .

WD#2 Primary

é

WD#1
Cancellation

1 000000000000

7.5 Transformer Construction

wD1 Primary pin side of the bobbin oriented to left hand side. Start at pin 1. Wind 22
Cancellation bifilar turns of item [3] from left to right. Wind with tight tension across bobbin
Winding evenly. Cut at the end.
Insulation 1 Layer of tape [6] for basic insulation.
Apply 5 layers of 1mm tape on the right side (approximately) to match the height of
the first two primary layers. Apply 2 layers of 1mm tape on the left side, to match
the height of the first primary layer.
WD #2 Start at Pin 3. Wind 34 turns of item [3] from left to right. Apply one layer of tape [3].

Primary Winding

Apply 2 layers of 1mm tape on the left side to match the height of the second layer.
Then wind another 34 turns from right to left. Apply one layer of tape [3]. Check that
height is uniform across the bobbin (important!). On the final layer wind 56 turns
from left to right.

Insulation

2 layers of tape [6] for insulation.

WD #3
Feedback Winding

Temporarily hang the start end of the wires of item [4] on pin 5, wind 7 quad-filar
turns from right to left uniformly, terminate the end of the wires at pin 2, bring the
start end of the wires across the bobbin to the left side to terminate at pin 4.

Insulation 4 layers of tape [6] for insulation.
WD #4 Start at pin 5 wind 8 turns of item [5] from right to left. Spread turns evenly across
Secondary Winding | bobbin. Finish on pin 6 or 7.
Insulation 1 layer of tape [6] for basic insulation.
WD #5 Start at pin 8 wind 10 turns of item [5] from right to left. Spread turns evenly across
Secondary Winding | bobbin. Finish on pin 5.
Insulation 2 layers of tape [6] for basic insulation.
Core Assembly Assemble and secure core halves.
Varnish Dip varnish assembly with item [7].

Page 11 of 30
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8 Transformer Design Spreadsheet

ACDC_LNK-CV_100608_Rev0-8.xls;

ACDC_LNK-CV_100608; LinkSwitch-CV
Rev.0.8; Copyright Power Continuous/Discontinuous Flyback
Integrations 2008 INPUT INFO OUTPUT UNIT 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
VO 5 Volts Output Voltage
PO 3,75 Watts Output Power
n 0,72 Efficiency Estimate
Z 0,5 Loss Allocation Factor
Bridge Rectifier Conduction Time

tC 3 mSeconds Estimate
CIN 14,7 uFarads Input Filter Capacitor

ENTER LinkSwitch-CV VARIABLES

LinkSwitch-CV LNK623P LNK623P Chosen LinkSwitch-CV device
ILIMITMIN 0,186 Amps LinkSwitch-CV Minimum Current Limit
ILIMITMAX 0,214 Amps LinkSwitch-CV Maximum Current Limit
fS 100000 Hertz LinkSwitch-CV Switching Frequency
LinkSwitch-CV Min I2F (power Co-
I2FMIN 3600 AN2Hz efficienct)
LinkSwitch-CV Max I2F (power Co-
I2FMAX 4680 AN2Hz efficienct)
VOR 85 85 Volts Reflected Output Voltage
LinkSwitch-CV on-state Drain to
VDS 10 Volts Source Voltage
Output Winding Diode Forward
VD 0,5 Volts Voltage Drop
DCON 5,599807 us Output Diode conduction time
Worst case ripple to peak current ratio.
KP_TRANSIENT 0,966787 Maintain KP_TRANSIENT below 0.25

ENTER TRANSFORMER CORE/CONSTRUCTION VARIABLES

Core Type EF16 EF16
Core EF16 P/N: PC40EF16-Z
EF16
Bobbin BOBBIN P/N:
AE 0,201 cm"2 Core Effective Cross Sectional Area
LE 3,76 cm Core Effective Path Length
AL 1100 nH/T"2 Ungapped Core Effective Inductance
BW 10 mm Bobbin Physical Winding Width
Safety Margin Width (Half the Primary
M 0 mm to Secondary Creepage Distance)
L 3 Number of Primary Layers
NS 8 8 Number of Secondary Turns
DC INPUT VOLTAGE PARAMETERS
VMIN 97,415 Volts Minimum DC Input Voltage
VMAX 374,7666 Volts Maximum DC Input Voltage

g Power Integrations
Tel: +1 408 414 9200 Fax: +1 408 414 9201
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FEEDBACK VARIABLES
NFB 7 Feedback winding number of turns
Voltage on the Feedback winding
VFLY 4,8125 when LinkSwitch-CV turns off
RUPPER 11,03082 k-ohms Upper resistor of feedback network
RLOWER 7,844136 k-ohms Lower resistor of feedback network
Bias Winding Parameters
Enter 'Yes' if you want to add a Bias
Add Bias winding NO NO winding
VB N/A Bias Winding Voltage
Number of Bias winding turns. Bias
winding is assumed to be AC stacked
NB N/A on top of the Feedback winding
CURRENT WAVEFORM SHAPE PARAMETER
DMAX 0,492997 Maximum Duty Cycle
IAVG 0,053465 Amps Average Primary Current
IP 0,186 Amps Minimum Peak Primary Current
IR 0,1551 Amps Primary Ripple Current
IRMS 0,082381 Amps Primary RMS Current
TRANSFORMER PRIMARY DESIGN PARAMETERS
LPMIN 2559,052 uHenries Minimum Primary Inductance
LP_TOL 10
NP 123,6364 Primary Winding Number of Turns
ALG 167,412 nH/T"2 Gapped Core Effective Inductance
Maximum Flux Density, (BM<2500)
Calculated at typical current limit and
BM 2265,476 Gauss typical primary inductance
Peak Flux Density, (BP<3000)
Calculated at maximum current limit
BP 2644,428 Gauss and maximum primary inductance
AC Flux Density for Core Loss Curves
BAC 820,9717 Gauss (0.5 X Peak to Peak)
Relative Permeability of Ungapped
ur 1637,471 Core
LG 0,127914 mm Gap Length (Lg > 0.1 mm)
BWE 30 mm Effective Bobbin Width
Maximum Primary Wire Diameter
oD 0,242647 mm including insulation
Estimated Total Insulation Thickness
INS 0,046868 mm (= 2 * film thickness)
DIA 0,19578 mm Bare conductor diameter
Primary Wire Gauge (Rounded to next
AWG 33 AWG smaller standard AWG value)
Bare conductor effective area in
CM 50,79683 Cmils circular mils
CAN DECREASE CMA < 500
(decrease L(primary layers),increase
CMA Info 616,6093 Cmils/Amp NS,smaller Core)

TRANSFORMER SECONDARY DESIGN PARAMETERS

Page 13 of 30
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Lumped parameters

ISP 2,874545 Amps Peak Secondary Current
ISRMS 1,291119 Amps Secondary RMS Current
10 0,75 Amps Power Supply Output Current
IRIPPLE 1,050947 Amps Output Capacitor RMS Ripple Current
Secondary Bare Conductor minimum
CMS 258,2238 Cmils circular mils
Secondary Wire Gauge (Rounded up
AWGS 25 AWG to next larger standard AWG value)
Secondary Minimum Bare Conductor
DIAS 0,456749 mm Diameter
Secondary Maximum Outside
OoDS 1,25 mm Diameter for Triple Insulated Wire
Maximum Secondary Insulation Wall
INSS 0,396625 mm Thickness
VOLTAGE STRESS PARAMETERS
Maximum Drain Voltage Estimate
(Includes Effect of Leakage
VDRAIN 573,2666 Volts Inductance)
Bias Diode Maximum Peak Inverse
PIVB N/A Volts Voltage
Output Rectifier Maximum Peak
PIVS 29,2496 Volts Inverse Voltage

TRANSFORMER SECONDARY DESIGN PARAMETERS (MULTIPLE OUTPUTS)

1st output
Output Voltage (if unused, defaults to
VO1 5 5 Volts single output design)
101 0,15 0,15 Amps Output DC Current
PO1 0,75 Watts Output Power
VD1 0,5 Volts Output Diode Forward Voltage Drop
NS1 8 Output Winding Number of Turns
ISRMSH1 0,258224 Amps Output Winding RMS Current
IRIPPLE1 0,210189 Amps Output Capacitor RMS Ripple Current
Output Rectifier Maximum Peak
PIVS1 29,2496 Volts Inverse Voltage
Output Winding Bare Conductor
CMS1 51,64477 Cmils minimum circular mils
Wire Gauge (Rounded up to next
AWGS1 32 AWG larger standard AWG value)
DIAS1 0,203459 mm Minimum Bare Conductor Diameter
Maximum Outside Diameter for Triple
ODS1 1,25 mm Insulated Wire
2nd output
VO2 12 Volts Output Voltage
102 0,25 Amps Output DC Current
PO2 3 Watts Output Power
VD2 0,7 Volts Output Diode Forward Voltage Drop
NS2 18,47273 Output Winding Number of Turns
ISRMS2 0,430373 Amps Output Winding RMS Current
IRIPPLE2 0,350316 Amps Output Capacitor RMS Ripple Current
Output Rectifier Maximum Peak
PIVS2 67,99454 Volts Inverse Voltage

Power Integrations
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Output Winding Bare Conductor
CMS2 86,07462 Cmils minimum circular mils
Wire Gauge (Rounded up to next
AWGS2 30 AWG larger standard AWG value)
DIAS2 0,256342 mm Minimum Bare Conductor Diameter
Maximum Outside Diameter for Triple
ODS2 0,541339 mm Insulated Wire
Total power 3,75 Watts Total Output Power

Page 15 of 30
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9 Performance Data

All measurements performed at room temperature, 50 Hz input frequency.

9.1 Efficiency

90.00%
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60.00%
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Figure 5 — Efficiency vs. Load, Room Temperature, 50 Hz.
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9.1 Active Mode Efficiency

% of Full Load % Efficiency at 115 VAC % Efficiency at 230 VAC
25 72.4 62.2
50 77.1 69.3
5 74.9 71.6
100 75.8 74.3
Average Efficiency 75.1% 69.3%
CEC Requirement 61.9%

NOTE: for this application (multiple output) this standard is not applicable, however the
values can be used as reference

9.2 Energy Efficiency Requirements

The external power supply requirements below all require meeting active mode efficiency
and no-load input power limits. Minimum active mode efficiency is defined as the
average efficiency of 25, 50, 75 and 100% of output current (based on the nameplate
output current rating).

For adapters that are single input voltage only then the measurement is made at the
rated single nominal input voltage (115 VAC or 230 VAC), for universal input adapters the
measurement is made at both nominal input voltages (115 VAC and 230 VAC).

To meet the standard the measured average efficiency (or efficiencies for universal input
supplies) must be greater than or equal to the efficiency specified by the standard.

The test method can be found here:

http://www.energystar.gov/ia/partners/prod development/downloads/power supplies/EP
SupplyEffic TestMethod 0804.pdf

For the latest up to date information please visit the Pl Green Room:

http://www.powerint.com/greenroom/requlations.htm

Power Integrations
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9.2.1 USA Energy Independence and Security Act 2007

This legislation mandates all single output single output adapters, including those
provided with products, manufactured on or after July 1%, 2008 must meet minimum
active mode efficiency and no load input power limits.

Active Mode Efficiency Standard Models

Nameplate Output (Po)

Minimum Efficiency in Active Mode of Operation

<1W 0.5 x Pg
>1Wto<51W 0.09 x In (Po) + 0.5
>51W 0.85

No-load Energy Consumption

In = natural logarithm

Nameplate Output (Po)

Maximum Power for No-load AC-DC EPS

All

<0.5W

This requirement supersedes the legislation from individual US States (for example CEC

in California).

9.2.2 ENERGY STAR EPS Version 2.0
This specification takes effect on November 1%, 2008.

Active Mode Efficiency Standard Models

Nameplate Output (Po)

Minimum Efficiency in Active Mode of Operation

<1W 0.48 x Po + 0.14
>1Wto<49 W 0.0626 x In (Pg) + 0.622
>49 W 0.87

In = natural logarithm

Active Mode Efficiency Low Voltage Models (Vo<6 V and lp > 550 mA)

Nameplate Output (Po)

Minimum Efficiency in Active Mode of Operation

<1W 0.497 x Po + 0.067
>1Wto<49W 0.075 x In (Po) + 0.561
>49 W 0.86

In = natural logarithm

No-load Energy Consumption (both models)

Nameplate Output (Po)

Maximum Power for No-load AC-DC EPS

Oto<50W

<03W

>50 Wto <250 W

<05W
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9.2 No-load Input Power

250

200 Pl

150

100 —

Zero Load Input Power (mW)

50

o T T T T T
0 50 100 150 200 250 300

Line Voltage (V)

Figure 6 — Zero Load Input Power vs. Input Line Voltage, Room Temperature, 50 Hz.
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9.3 Regulation

Actual Actual
Line Rail Load Voltage Line Rail Load Voltage
Voltage (V) (A) (V) Voltage (V) (A) (V)
5 0.15 5.137 5 0.15 5.115
12 0.25 11.76 12 0.25 11.71
5 0.1 5.18 5 0.1 5.15
12 0.25 11.75 12 0.25 11.68
5 0.05 4.93 5 0.05 4.85
12 0.005 11.99 12 0.005 11.9
85 VAC 5 0.1 5.14 230 VAC 5 0.1 5.11
12 0.15 11.78 12 0.15 11.71
5 0.15 4.94 5 0.15 4.87
12 0.02 11.96 12 0.02 11.88
5 0.15 5.12 5 0.15 5.08
12 0.1 11.77 12 0.1 11.7
5 0.15 5.07 5 0.15 5.04
12 0.2 11.8 12 0.2 11.76
5 0.15 5.14 5 0.15 5.107
12 0.25 11.77 12 0.25 11.7
5 0.1 5.18 5 0.1 5.14
12 0.25 11.76 12 0.25 11.67
5 0.05 4.91 5 0.05 4.84
12 0.005 11.97 12 0.005 11.9
115 VAC 5 0.1 5.14 265 VAC 5 0.1 5.1
12 0.15 11.78 12 0.15 11.7
5 0.15 4.92 5 0.15 4.86
12 0.02 11.94 12 0.02 11.87
5 0.15 5.12 5 0.15 5.08
12 0.1 11.78 12 0.1 11.69
5 0.15 5.07 5 0.15 5.02
12 0.2 11.8 12 0.2 11.73

Worst case deviation:
5V Rail: +3.6% / -2.8%
12 V Rail: -0.1% / -2.8%
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10 Thermal Performance

Item Temperature in °C
85 VAC 265 VAC
Ambient 23 23
LNK623PG (U1) 50.5 55.8
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11 Waveforms

11.1 Drain Voltage and Current, Normal Operation

Stopped ] 2008/10/08 16:14:03
CH1=200v : CH2=10mV : : . Susydiv
: © (Busygdiv)

DC 100:1 DG 11

NORM: 100MS /5

Figure 7 — 85 VAC, Full Load.
Upper: VDRAIN» 200 V / div.
Lower: IpraiN, 0.1A,5 us / div.

11.2 Output Voltage Start-up Profile

Stopped Y 2008/10/09 13:34:58

CHIS5V  © : : : T 10mg/div

pC 11 : : : ©(10mg/div)
: : : : HORM:100kS /5

Figure 9 — Start-up Profile, 85 VAC
12V, 5V /div, 10 ms/ div.

Stopped g 2008/10/08_16:14:49
CH1=200v CHz=10mY : Sus7div

DG 100:1

DC 11 : © (Busydiv)

Figure 8 — 265 VAC, Full Load.
Upper: VDRAINa 200 V / div.
Lower: IpraiN, 0.1A,5 us / div.

Stopped Y 2008/10/09_13:36:35

CHI=5Y : : : . 1oms/div

DG 11 : : : L (10ms Adiv)
: : : : HORM:100KS /s

Figure 10 — Start-up Profile, 265 VAC
12V, 5V /div, 10 ms/ div.
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W aiting for ®igger 2008710709 14:00:36
CH1=2v : : : : © 10ms/div
pC 11 : : : : :

: HORM:100KS /5

Figure 11 — Start-up Profile, 85 VAC
5V, 2V /div, 10 ms/div.

W aiting for ﬂ'r‘gger 2008710709 14.01:.01
CH1=2v : : : © o 10ms Adiv
DC 11 : : : : :

 NORMENINkS /s

Figure 12 — Start-up Profile, 265 VAC
5V, 2V /div, 10 ms/ div.

11.3 Drain Voltage and Current Start-up Profile

Stopped Y 2008/10/08 16:27:15
CHI=200Y : CHz=10mY¥ : : T ims7div
DG 1001 © DG T : © (Imsydiv)

: NORM:1DMS /5

ar

Figure 13 — 85 VAC Input and Maximum Load.
Upper: VDRAIN, 200 V / div.
Lower: Iprain, 0.1 A, 1 ms / div.

Stopped |
CH1=200v
DC 1001

2008/10/08 16:26:21

CHz2=10mY : : T Imsydiv
DC 11 : L (Ims#div)
: NORM;: 10MS /5

Figure 14 — 265 VAC Input and Maximum Load.
Uppel‘: VDRAINy 200 V / div.
Lower: lIprain, 0.1 A, 1 ms / div.

Page 23 of 30

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



DER-213 3.8 W 2-Output Supply - LNK623PG 01-May-09

11.4 Load Transient Response

In the figures shown below, signal averaging was used to better enable viewing the load
transient response. The oscilloscope was triggered using the load current step as a
trigger source. Since the output switching and line frequency occur essentially at random
with respect to the load transient, contributions to the output ripple from these sources

will average out, leaving the contribution only from the load step response.
Stopped 4 2008710709 13:46:18 Stopped i 2008710709 134733
CH1=100mV: © 200ms/div CH1=100mV: © 200ms /div
Ac 11 : (200ms Adiv) : ¢ (200ms Adiv)

;. AVGEkS/s

Figure 15 — Transient Response, 115 VAC, 50-100-
50% 12 V Load Step.
12 V Output Voltage.

Stopped 4

100 ms / div.

2008710709 14:03:40

CH1=100mY:
Ac 11

1 200ms fdiv

¢ (200ms/div)
© AVGISkS/s

AC 101

: AVGEEKS/s

Figure 16 — Transient Response, 230 VAC, 50-
100-50% 12 V Load Step.

Stopped 3

12 V Output Voltage.
100 ms / div.

2008/10/09 14:04:09

CHI=100mV:
AC 11

1 200ms Adiv
© (200ms /div)
: AVGISKS/s

Figure 17 — Transient Response, 115 VAC, 50-100-
50% 12 V Load Step.
5V Output Voltage.
100 ms / div.

Figure 18 — Transient Response, 230 VAC, 50-
100-50% 12 V Load Step.
5V Output Voltage.
100 ms / div.
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11.5 Output Ripple Measurements

11.5.1 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 Figure 19 and Figure 20.

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 20 — Oscilloscope Probe with Probe Master 5125BA BNC Adapter. (Modified with wires for probe
ground for ripple measurement, and two parallel decoupling capacitors added)

Power Integrations E
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11.5.2 Measurement Results

Stopped Y 2008/10/09 13:39:30

CHI=100mY: : : : T 20us/div
Aac 11 : : : ¢ (20us#div)

NORMEDMS /5

I ERARL A RS

VANV wwwww

“

Figure 21 — 12 V Output Ripple, 85 VAC, Full Load.

20 ps, 100 mV / div.

2008/10/09 14:02:552
- 100us /div

Stepped ]
CHI=20mV -

ac 11 : : : (100us /div)
: : : : NORM:1IMS /s

Figure 23 — 5V Output Ripple, 85 VAC, Full Load.
100 us, 20 mV / div.

Stopped Y 2008/10/09 13:38:42

CHI=100mY: : : : T 20us/div
Aac 11 : : : ¢ (20us#div)

NORMEDMS /5

AL R A

VWV\JWW\\J\JM\JNW\

£ ¥

Figure 22 — 12 V Output Ripple, 265 VAC, Full
Load. 20 us, 100 mV / div.

Stopped Y 2008/10/09 14:02:21

CHI=20mY - : : - 100us /div

Aac 11 : : : ©(100us Adiv)
: : : NORMK:1DMS /5

Figure 24 — 5 V Output Ripple, 265 VAC, Full
Load. 100 us, 20 mV / div.
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12 Conducted EMI

® EEW 9 kHz
MT 50 ma
Att 10 dB AUTO FREAMP OFF
4BEY [ 34p 1 MHz 10 MHz
LIMIT CHECR  loas:
a0
SGL
1 gF
CLEWE Lo
IC LR WE] L 70 ToE
A ER
&0 \\wu\k ]
sk zza
50 \’“‘x“_‘ I
Lo ‘\w"‘“l 6DE
)fl\ \RM J‘\,MW"WM\"—'\A\J "
J\_\_/\f’ ’ J\_l(J\. TN Mg A T L M\\\‘:.\‘\\\’\/x./
20 . F\w’\j
10 }
0
150 kH=z 30 ME=z

Figure 25 — Conducted EMI, Maximum Steady State Load, 115 VAC, 50 Hz, and EN55022 B Limits,
L-Line, Secondary Ground connected to Artificial Hand.

® REW 4 kHz
MT 50 m=
ATt 10 dB AUTO PREAMP OFF
9BV | a0 | MH= 10 MHz
LIMIT CHECE FAE
=T
1 ge
CLEWR
[so
=70
&0 "'-_‘_‘_‘_‘-
50
50 —
n‘_""\-.
|40 A
oo s A A AR A
‘a(*ﬁu \\p} F;h’/h*hﬂiuﬁﬁﬁr4 Ty
\/1\_/\/_/ Awu\nwmww »
* '\\\M\-—\‘v_,\—r/
10
a
1%0 kHz 30 MH=

TOF

Figure 26 — Conducted EMI, Maximum Steady State Load, 115 VAC, 50 Hz, and EN55022 B Limits,
N-Line, Secondary Ground connected to Artificial Hand.
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@

dBuv

1 QF
CLRWR

RBW 9 kHz
MT 50 ms
Att 10 dB AUTO PREAMP OFF
Lo L MHEZ L0 MHZ
LIMIT CHECE PAS
50
SGL
80
1o TOF
[ rsabozzg
60 &h\‘"‘“~muamhaa_
R EEEY
=
=
£0E

=1

\WU\J
M NN

e

150 kHz

30 MHZ

Figure 27 — Conducted EMI, Maximum Steady State Load, 230 VAC, 50 Hz, and EN55022 B Limits,
L-Line, Secondary Ground connected to Artificial Hand.

@

dBpv

ALt 10 dB AUTD

REW 9 kH=z
MT 50 ms
FREAMF OFF

- 80
=R |,
[EMaED220
gzea| T
Lo J4 ]
Ly \,’\j P -
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1050 kEz 30 MH=z

Figure 28 — Conducted EMI, Maximum Steady State Load, 230 VAC, 50 Hz, and EN55022 B Limits,
N-Line, Secondary Ground connected to Artificial Hand.
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