LinkSwitch

Design Guide
Application Note AN-35

POWER

INTEGRATIONS

Introduction

Integrated switching power supply technology, offering small
size, low weight and universal AC input voltage operation, has
finally evolved to cost-effectively replace linear transformer-
based power supplies for low power applications. LinkSwitch
reducesthe cost of switching battery chargersand AC adapters
to the level of linear transformer power supplies. LinkSwitch
also easily meets standby and no-load energy consumption
guidelinesspecified by worldwideregul atory programssuch as
the USA’s Presidential 1 W Standby Executive Order and the
European Commission’s 2005 requirement for 300 mw
no-load consumption.

The feature set of LinkSwitch offers the following advantages
over other solutions:

e Lowest cost and component count for a constant voltage,
constant current (CV/CC) solution

* Extremely simple circuit — only 14 components required
for a production-worthy design

* Primary based CV/CC solution eliminates 10 to 20
components for low system cost

* Upto 75% lighter power supply reduces shipping costs

* Fully integrated auto-restart for short circuit and open
loop fault protection

* 42 kHz operation simplifies EMI filter design

e 3 W output with EE13 core for low cost and small size

LinkSwitch is designed to produce an approximate CV/CC

output characteristicasshowninFigure2. Incharger applications,
a discharged battery operates on the CC portion of the curve
until almost fully charged and then naturally transitionsto the
CV portion of the curve. Below an output voltage of
approximately 2 V (consistent with afailed battery pack), the
supply enters auto-restart, reducing the average output current
to approximately 8% of nominal.

In an AC adapter, norma operation occurs only on the CV
portion of the curve, the CC portion providing overload
protection and auto-restart short circuit protection.

LinkSwitch is a fixed frequency PWM controlled device,
designed to operate with flyback converters in discontinuous
mode. IntheCV portion of thecurve, thedevice operatesusing
voltage mode control and changes to a current limit mode
during the CC portion of the curve. Total system CV accuracy
istypically +10% at the peak power point, including all device
tolerances and line input voltage variations. The total system
CC accuracy istypically £20% (LNK501), +25% (LNK500)
and £24% (LNK520).

During CV operation, the output voltage is sensed on the
primary side and controlsthe duty cycle. For LNK500/501 the
deviceisplaced inthe high-siderail asshownin Figure 1. This
adlowsthe reflected output voltage (V ) to be sensed directly,
requiring no additional subtraction of the input voltage
component. For LNK520, the deviceis placed in the low-side
as shown in Appendix B, Figure B1, with an auxiliary/bias
winding to sense the output voltage.
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Figure 1. Key Parameters for an Initial LinkSwitch Design.
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During CC operation, duty cycleis controlled by the peak drain
current limit (I_,). The device current limit is designed to be a
function of reflected voltage such that the load current remains
approximately constant as the load impedanceis reduced. When
the output voltage falls to approximately 30% of nomina value
(normally associated with afailed battery), LinkSwnitch entersthe
auto-restart modeof operationto safely limit averagefault current
(typicaly 8%of 1).

With discontinuous mode design, maximum output power is
independent of input voltageandisasimplefunction of primary
inductance, peak primary current squared and switching
frequency (Equation 6). LinkSwitch controls and cancels out
variationsnormally associated with frequency and peak current
by specifying a device 1?f term. This alows users to easily
designfor aspecific corner point where CV modetransitionsto
CC mode.

Scope

This application note is for engineers designing an AC-DC
power supply using the LinkSwitch LNK500/501 or LNK520
devices in a discontinuous mode flyback converter. The main
document focuses on the LNK500/501 devices. However, as
much of the information is also applicable to LNK520, it is
recommended this section be read regardless of the device
selected for the design. For a detailed comparison of LNK500
vs. LNK520 please see Table B2. Appendix A provides a
detailed tolerance analysis for LNK500/501 designs while
Appendix B provides specific guidance when designing with
LNK520 devices.

Since LinkSwitch is designed to replace linear transformer
based power supplies, the output characteristic provides an
approximate CV characteristic, offering much better line and
load regulation than an equivalent linear transformer. Thevery
simple nature of the LinkSwitch circuit allows an initial paper
design to be completed quickly using simple design equations.
It is then recommended that the circuit performance be tuned
with a prototype power supply to finalize external component
choices.

This document therefore highlights the key design parameters
and provides expressions to calculate the transformer turns
ratio, primary inductanceand clamp/feedback component val ues.
This enables designers to build an operating prototype and
iterate to reach the final design.

For readers who want to generate a design as quickly as
possible, the Quick Start tables (Table 1 for LNK500/501 and
TableB1for LNK520) provideenoughinformationto generate
aninitial prototype.

This document does not address transformer construction.
Please see LinkSwitch DAK Engineering Prototype Reportsfor

LNK500/501 QUICK START

Figure 1 shows the key parameters and components
needed to generate an initial LinkSwitch design.
Where initial estimates can be used, they are shown
below the parameter they refer to.

1) LetV_,equal50V.

2) Define the transformer turns ratio according to
Equation 5. If no better estimates or measure-
ments are available, then let V_ —equal 0.7 V
foraSchottkyor1.1VforaPNdiode,R_,; . equal
0.3Q,R,..equal0.15Q, ISEC(RMS) equal 2x1,, and
lsecpear) €0Ual 4 X 1, where | is the desired CC
output current and V, is the desired output

voltage at the CV/CC transition point.

3) Calculate PO(EF? according to Equation 13. As an

initial estimate for P___. use 0.1 W.

4) Calculate L, according to Equation 14 and
other transformer parameters from Equations
15, 16, 17, 18 and 19.

5) Calculate value for feedback resistor R_, accord-
ing to Equations 20, 21, 22, 23 and 24.
This should be a 1/4 W, 1% part.

6) Set clamp capacitor C_ , . as a 0.1 uF, 100 V

metalized plastic film type.
7) Set clamp resistor R . as 100 @, 1/4 W.

8) Set CONTROL pin capacitor C_, to be 0.22 uF,
10 V for battery loads or 1 uF, 10 V for resistive
loads.

9) Select input and output components. See
Figure 3 and relevant sections.

10) Construct prototype.

11) Iterate design (see Hints and Tips section).

Table 1. LNK500/501 Quick Start.

exampl esshowingtypi cal transformer constructiontechniques.
Further details of support tools and updates to this document
can be found at www.powerint.com.

CVICC Circuit Design

The LinkSwitch circuit shown in Figure 3 serves as a CV/CC
charger exampl etoillustratedesigntechniques. Nominal output
voltageis 5.5V and nominal CC output current is 500 mA.

C
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Figure 2. Typical Output Characteristic for LinkSwitch LNK500/501 Based 5.5 V, 0.5 A Charger with Specification Limits.

LinkSwitch design methodology is very simple. Transformer
turns ratios and bias component values are selected at the
nominal peak power point output voltageV ,, whiletransformer
primary inductance is calculated from the total output power.
Few components require computations, while the balance are
selected from the included recommendations.

Design and selection criteriafor each component are described
starting with thetransformer. Onceset, transformer parameters
and behavior are used to design clamp, bias and feedback
componentsfor proper supply operation. Output capacitorsand
the input circuitry can then be determined.

Transformer T1

Transformer design begins by selecting the reflected output
voltage (V). For most LinkSwitch designs, V , should be
between 40V and 60 V. A good starting point is50 V allowing
for optimization later.

V. vaues over 60 V are recommended only for those
applications allowed to consume over 300 mW at no-load.

To calculate the transformer turns ratio, the voltage required
across the secondary winding V _ isfirst calculated. Thisisa

function of output cablevoltagedrop V., ., nominal output

voltage V ,, the secondary winding voltage drop V.., and
output diode forward voltage drop V.. Figure 1 shows the
sources of secondary side voltage drops. Since C_ ,,,, charges
tothepeak valueof V  plusanerror duetoleakageinductance,
thevalueof V. .andV_ . aredefined at the peak secondary
current. Theoutput cabledropV ., ., . isdefined at thenominal
CC output current | ..

Curvesof V. versusinstantaneous current can be found in
the diode manufacturer’ s data sheet. Peak secondary current is

defined as: N
| sc(peak) = | pri(PEAK) X N—P D
s

The value for | pEAK) is equal to the typical value of the

LinkSwitch data sheet parameter | .
As an initid estimate the [ be approximated as
4x 1. Oncethefirst prototype hasbeen built this can berefined
asthefinal turnsratioisknown or aternatively, the peak diode
forwardvoltagecanbemeasured directly using an oscilloscope.

Vreasie = lo x ReasLe @
Vrsee = ISEC(PEAK) x Rgc ®
Vac = Vo + Vreasie + Vbout + Vrsee 4)

| 4
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Figure 3. Example Schematic for a Typical LinkSwitch Charger.

The transformer turnsratio is given by:

S SEC

If no better estimates or measurements are available, use
0.15Q asaninitial valuefor thetransformer secondary winding
resistance R, 0.7 V for the forward voltage (V) of a
Schottky diodeor 1.1V for aPN diode and 0.3 Q for the cable
resistance R, -
The next transformer design step is to calculate the nominal
primary inductanceL .. L toleranceshould bewithin+10% (to
meet peak power CCtoleranceof £20%for LNK501, £25%for
LNK500). ThesimpleLinkSwitch feedback circuitisdesigned
specifically for discontinuous mode operation. Continuous
modedesignsresultin control loop instability and aretherefore
not recommended. For proper CC operation, the LinkSwitch
transformer must therefore be designed for discontinuous
operation under al line/load conditions.

At the peak power point, the power processed by the core or

Poern IS given by:

1 2
Focerr) = PR Lp X[IP x fs] (6)

L isthenominal transformer primary inductance, | isequal to
theLinkSwitch parameter | |, andf istheswitching frequency.

Notethat | andf areenclosedinbracketsastheLinkSwitchdata
sheet specifies an I1%f coefficient equal to the I2f, product,
normalizedtol .. By normalizingtol . (the CONTROL pin
current at 30% duty cycle), the effect of I, tolerance is
included and does not need to be considered separately. Output
power istherefore dependent primarily ontransformer primary
inductancetolerance (typically £10% for low cost high volume

production methods).

As shown above, effective output power P, is calculated
fromthetotal energy stored in the transformer and istherefore
thesumof actual output power P andthefollowinglossterms:
cable power P, ., diode power P, ., bias power P, , (the
power required to drive the LinkSwitch CONTROL pin),
transformer secondary copper loss Py and transformer core

cu)’
l0SS P e

2
FeasLe = Rease % 1o v
Poiope = Vbourt * lo (8)
PB|AS = VOR X 2.3 mA (9)

K V,
Poore = CORETXE (10)
2
PS(CU) = ISEC(RMS) x Rec (11)

Reas e 1S the total cable DC resistance, | is the nominal CC
isoutput diodeforward voltagedrop, V

output current, V.
secrm) 1S secondary RM S current,

C

isreflected output voltage, |
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Ry is output winding DC resistance, V_ is core effective
volumeandK . iscorelossper unit volume. Asbefore, if no
better estimates or measurements are available, use 0.15 Q for
Ry 0.7V for theforward voltage (V) of aSchottky diode
or1.1V foraPN diode 0.3QforR_,, .andl SEC(PEAK) equal to
4 x 1,. Both V_ and K. can be read from the ferrite core
manufacturer’ smaterial curves. TofindK ., usethecoreflux
swing B,,. Indiscontinuousmode operation, AC Flux Density
B,.isequal to B,

BAC = BM (12)
Thedivisionby twointheexpressionfor P isrequiredsince
aflyback transformer only excitesthe coreasymmetrically and
the core loss curves are typically specified assuming a
symmetrical excitation.

K core ISthen read directly from material coreloss curvesat the
LinkSwitch switching frequency (typically 42 kHz). A figure
for B,, of approximately 3300 gauss (330 mT) isagood initial
estimate. A figurefor P . of 0.1 Wisagood initial estimate.

ORE

Poern is calculated from:

I:)CORE

2
(13)

PO(EFF) = Fo + Feagie + Poiope + Paias + Pycuy +

P, here is defined as the output power seen by the load. Note
the corelosstermisdivided in half as only the loss associated
with transferring energy to the output during the off time needs
to be compensated for in the primary inductance value.

is calculated from:

Nominal primary inductance L,

2x Po( EFF)

Lp NOM) = x AL
( I,i x fg (14)

Thetypical datasheet valuefor thel?f coefficient should beused
to replace I’f , this defining the nominal primary inductance at
the nominal output peak power point.

Asthe flux density increases, the inductance falls slightly due
to the BH characteristic of the core material as shown in
Figure4. Thisdrop ininductanceiscompensated by increasing
the inductance at zero flux density by a factor A . This is
typicaly in therange of 1 to 1.05 for common low cost ferrite
materials. This effect can be minimized by increasing the gap
size, reducing the flux density or using ferrite materialswith a
higher saturation flux density.

Transformer inductance tolerance is most affected by the
transformer core gap length. Inductance must also be stable
over temperature and as afunction of current. Recommended

minimumgaplengthis0.08 mm (3.2 mils) at apeak flux density
of 3300 gauss to 3500 gauss (330 mT to 350 mT).

The number of secondary turnsfor small E coresistypically 2
to 3 turns per volt across the secondary winding (including
cable, secondary and diode voltage drops). The actual number
is adjusted to meet gap size and flux density limits.

Oncean estimatefor thenumber of secondary turnsN¢ hasbeen
made, the primary turnsis found from:

v,
Np = VOR x Ng (15)
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Figure 4. Typical Reduction in Primary Inductance with Flux
Density for Small E Cores with Small Gap Sizes.

At this point the core size should be selected. Common core
sizes suitable for a LinkSwitch design include EE13, EF12.6,
EE16 and EF16. With the core selected and the number of
transformer turnsknown, the core peak flux density B, (gauss)
can befound using the effective cross sectional areaof the core
A, (cm?’), the primary inductance (wH) and the LinkSwitch peak
current limit 1 (MAX) (A):

_ 100 x I jm(max) * Lp

Np x A,

(16)

P

B, should be in the range of 3000 gauss to 3500 gauss
(300 mT to 350 mT).

The relative permeability u of the ungapped core must be
calculated to estimate the gap length L . The relative
permeability, u_is found from core parameters A _ (cm?), the
effective core path length L (cm), and ungapped effective
inductance A (nH/t?):

A xLe

B 04 xmx A x10

(17)

| 4
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Gap length L, is the air gap ground into the center leg of the
transformer core. Grinding tolerancesand A accuracy placea
minimum limit of approximately 0.08 mmonlL .If L _issmaller
than thisthen either the coresize (A ) or N, must be increased.
L, (mm) is calculated from primary turns N, core effective
crosssectional areaA _(cm?), primary inductance L, (uH), core
effective path length L (cm) and relative permeability w:

2
_ 0.4xﬂxNPxAb_i <10 (18)

Lg
L, x100 Uy

The gapped effective inductance A (nH/t?), required by the
transformer manufacturer, is calculated from the primary
inductance L, (uH) and the number of primary turns N,:

L
A ¢ =1000x —2 (19)
Np

Clamp, Bias, Bypass and Feedback

An RCD clamp, formed by R_,, C_ ,,» @d D¢ ..
(Figure 1), safely limits transformer primary voltage, due to
transformer leakageinductance, tobelow theLinkSwitchinternal
MOSFET breakdown voltage BV . each time LinkSwitch
turnsoff. Leading-edge voltage spikes (caused by transformer
leakage inductance) are filtered by R . and C such that

CLAMP?

Ceaup Effectively chargesto the transformer reflected voltage.
Feedback isderived fromthereflected voltage, that approximates
closely the transformer secondary winding output voltage
(Vg inFigurel) multiplied by thetransformer turnsratio. Due
to effects of leakage inductance (causing peak charging),
calculated V . may be slightly different from actual voltage
measured acrossC_ ... Since LinkSwitchisin the upper rail,
reflected voltage information is now relative to the LinkSwitch
SOURCE pin and independent of the input voltage.

Reflected voltage is directly converted by R_, to LinkSwitch
CONTROL pin current for duty cycle control and bias. The
CONTROL pincapacitor C_, providesbypassfiltering, control
loop compensation, and the energy storage required during
start-up and auto-restart.

Feedback Resistor (R_;)

Clamp and feedback circuit design begins by first considering
reflected voltage. Using the schematic in Figure 3 as an
example. With primary turns N, = 116 and secondary turns
N = 15 the peak secondary current can be calculated from
Equation 20, where | is equal to the LinkSwitch
typical current limit |

PRI(PEAK)
LIM(TYP)"

N

ISEC(PEAK) = N x lPRI(PEAK)
s

116
_ 220 0,254
15 (20)

=196 A

The secondary diode peak voltage was measured as 0.7 V, the
secondary winding resistanceas0.15 Q2 andthe cableresistance
as0.23 Q. Therefore V. is defined as:

Vo + Vreaete + Voour + Vrsec
Vo + (lo x Reagie) + Vbour
+ (I sec(peak) * Reec) 1)
=55V +(05Ax023Q)+0.7V
+(1.96 A x0.15Q)
=6.61V

VSEC =

Voltage V. allowsthe exact V , to be calculated:

N
Vg = —F x V.
OR NS SEC

(22)

= % x 6.61V
15

=511V

Resistor R, a1%, 0.25 W resistor, converts clamp voltage to
LinkSwitch bias and control current.

Feedback voltageV; iscalculated fromV  and the error due
to leakage inductance, V .

Thevaluefor V _,, varies depending on the value of leakage
inductance, thesizeof theclamp capacitor andthetypeof clamp
diode selected. For aleakage inductance of 50 uH, avalue of
5V isagoodinitia estimate.

Ves = Vor + ViEak (23)

Once aprototype has been constructed, the value of V, can be
found directly, by measuring the voltage across C_ , . @ the
power supply peak output power point, using abattery powered
digital voltmeter. Thesehavesufficient commonmoderejection
to be unaffected by the switching waveform and provide
accurate results. The voltage measured isV .. By subtracting
V thevalueforV ., canbedetermined, useful asanestimate
infuturedesigns. For thedesigninFigure3, V , wasmeasured

as56.7V, givingV ., as56V.

C
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Figure 5. Effect on Output Characteristic when R, or Leakage Inductance Changes.
Aninitial valuefor R iscal culated from the feedback voltage
i VvV A
V., the CONT.R_OL pin yoltage V?(IPCT) and current. loer at_ the
CC/CV transition point, specified in the LinkSwitch
. \
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= 22kQ

Select the nearest standard value. Resistor R, can then be
adjusted to center the output voltage. The example in
Figure3usesa20.5kQ valuefor R, (R1), centering the output
voltage V  near 5.5V at nominal output current | ..

Note that R_, power dissipation, a significant component of
LinkSwitch standby power, should always be calculated:

Pees = (23MA)? x Rg = 111 mW (25)

For applicationsthat do not need to comply with strict standby
power requirements, higher values of V __ can be used, also
increasing the power capability of LinkSwitch.

Clamp Diode (D

CLAMP)

DiodeD, ,,,»Shouldbeanultra-fast or fast recovery diodewith
at least 600 V breakdown voltage. Fast typestypically offer a

dlight cost advantageand alsoreduce EMI, sothey arepreferred.

R T

[N

Increased R,z | v | -eeeen Reference

—— Increased
Rrg to adjust
for LLEak

--" - = = Auto-restart

| PI-2959-071902

Figure 6. Increasing R, to Adjust for High Leakage Increases No
load Voltage and Consumption.

Note that normal recovery diodes (IN400X or similar types),
which may allow excessivedrain voltageringing, should not be
used.

Clamp Resistor (R )

ThevaueforR _,whicheffectivelyfilterstheleakageinductance
spikefromthereflected voltagewaveform, isverifiedempirically
through iteration. R . has a direct effect on both the average
value and slope of both the CV and CC curves as shown in
Figure5and canthereforebeusedtotunetheoutput characteristic
to some extent.

| 4
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Figure 7. Example of Battery Model Load (Values for a Typical
3 W, 5.5 V Battery Charger).
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Inthe CV region, increasing R _ increases the average output
voltage, while reducing the slope of the CV region (the change
in output voltage with the change in output current). Inthe CC
region, increasing R _ makesthe average output current lower,
while tending to “bend” the curve inward dlightly (fold back).

Atno-load, increasingR _slightly increasestheno-loadvoltage
sincetheprimary leakageinductanceisfiltered moreeffectively,
but the samepeak charging dueto secondary | eakageinductance
occurs. Althoughtheno-load voltageisdlightly higher, thereis
only aminor effect on no-load consumption.

In a design that has high leakage, the value of R_, can be
increasedtoraisetheoverall output voltage (Figure6). However,
this will also increase no-load voltage and therefore no-load
input power consumption.

Toiterate R .

e Start with typical value of 100 Q and a transformer with
nomina inductance.

» Verify CC portion of the curve and increase or decrease
R . until CC curveis approximately vertical (current at
start of CC and end are approximately the same)

* Verify CV portion of the curve.

- For minor adjustment, change value of R_.

Clamp Capacitor (C

CLAMP)

Withsmall valuesof clamp capacitor C_ , .. theoutput voltage
tendstobeslightly higher. Withlarger valuesforC_ , ., output
voltagewill bedlightly lower. Further increasesin C will

CLAMP
not change the output voltage.

CeaupiSthereforechosenempirically asthesmallest valuethat
doesnot significantly changetheoutput voltagewhen compared
tothenext larger value. For most designs, 100 nFistypical and
standard device tolerances will have anegligible effect on the
output voltage. This capacitor should be rated abovetheV .,

typicaly 100 V.

Ceawp Must have astablevalue over temperature and al so over
the operating voltage range. Metalized plastic film capacitors
arethe best choice, since the higher voltage ceramic capacitors
with stable dielectrics (NPO or COG, for example) are higher
cost. Thevalueof low cost ceramic capacitorsvariessignificantly
withvoltage and temperature (Z5U dielectric, for example) and

should not be used since they may cause output oscillation.

CONTROL Pin Capacitor (C_,)

C,» Setsthe auto-restart period and also the time the output has
toreach regul ation before entering auto-restart at power supply
start-up. If the load is a battery, then a value of 0.22 uF is
typical. However, if the supply is required to start into a
resistiveload or constant current |oad (suchasabench el ectronic
load) at the peak output power point, then this should be
increased to 1 uF. Thisensuresenough time during start-up to
bring the output into regulation. The type of capacitor is not
critical. Either asmall ceramic or el ectrolytic may be used with
avoltagerating of 10 V or more.

Output Rectifier and Filter (D, C,,)

The output diode should be selected with an adequate peak
inversevoltage (PIV) rating. Either PN or Schottky diodes can
be used. Schottky diodes offer higher efficiency at higher cost
but provide the most linear CC output characteristic. Both fast
or ultrafast PN diodes may be used, but ultra fast (t ~50 ns)
arepreferred giving CC linearity closeto the performance of a
Schottky.

N
PIV Doyr = (VDC(M Ax) X N—S) +(Vox15)  (26)
P

The output diode voltage rating should be calculated from
Equation 26. Vocmax) isthe maximum primary DC rail voltage
(375V for universal or 230 VAC and 187V for 115 VAC only
designs). Theoutput voltageV jismultiplied by 1.5toalow for
increased output voltage at no-load. An output diode current
rating of 2 x | isagood initial estimate.

The output diode may be placed in either the upper or lower leg
of thesecondary winding. However, placementinthelower leg
may provide lower conducted EMI with asuitably constructed
transformer.

For battery charger applications, the size and cost of the output
capacitor C . canbesignificantly reduced. Highripplecurrent
flows through C_ . for only the short time a fully depleted
battery charges. The designer should take into account that
Cour Mipple current rating can be exceeded for short periods of
timewithout reducing lifetime significantly. When the battery
is close to fully charged, the LinkSwitch circuit transitions to

CV mode, where capacitor ripple current is much smaller.

C
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Figure 8. Uneven Core Gapping Makes CC Portion Nonlinear and
Should be Avoided.

For adapter applications drawing rated load current in steady
state, C,,, should be alow ESR type, properly rated for ripple
current.

Designsfor battery charging usually do not requirean additional
output L-C stage (it filter) to reduce switching noise. The
battery itself will filter this noise and output ripple. However,
if the load isresistive, then this stage may be required to meet
ripple and noise specifications. For evaluation of a battery
charger during design, a battery load can be ssmulated using a
circuit similar to that shown in Figure 7, which model sboth the
battery and output cable.

Bridge Rectifier, Energy Storage, and EMI Filter

Figure 1 showsatypical input stage for alow cost design. D1-
D4 rectifies universal AC input voltage. C1 and C2 provide
energy storage, smoothing, and EMI filtering. RF1 reduces
surge current, EMI and will also safely open, like a fuse, if
another primary component failsin a short circuit.

The conducted emissions EMI filter has effectively two
differential modestages. RF1 and C1formthefirst differential
modestage. Thesecond differential modefilter stageisformed
by L1 and C2.

RF1 should be a 10 Q low cost wire-wound fusible resistor or
bereplaced by afuse. A resistor ispreferabletoafuseasitalso
limitsinrush current and protectsagai nstinput voltagetransients
andsurges(differential or normal mode). Lower valuesincrease
dissipation (V¥R power term) during transients and inrush,
while higher values increase steady state dissipation (I2R) and
lower overall efficiency. Metal film types should not be used
sincethey do not have ahigh enough transient power capability
to survive line transient and inrush current and may fail
prematurely in service.

Figure 9. Effect on Output Characteristic Due to Increased Output
Cable Resistance.

To meet certain safety agency requirements RF1 should fail
open without emitting smoke, fire or incandescent material,
that might damagethe primary-to-secondary insulation barrier.
Consult with a safety engineer or local safety agency for
specific guidance.

Diodes D1-D4 should be rated at 400 V or above and be
standard recovery types to minimize EMI.

The combined value of C1 and C2 should be selected to give
3 uF per watt (of output power), giving acceptable voltage
ripple for universal designs. For high single input voltage
ranges (185 VAC to 265 VAC), this recommendation can be
reduced to 1 uF/W, however ripple current ratings and
differential modelinetransient performanceshould beverified.

L1, which is effective for low frequencies, is typically in the
range of 680 uH to 2.2 mH and should have a current rating of
=80 mA RMS.

Hints and Tips

Transformer Construction

Since the primary inductance is crucial in setting the peak
output power, the tolerance of this parameter should be well
controlled. ForaCCtoleranceat thepeak power point of +20%/
+25% (L NK501/LNK 500, respectively) theprimary inductance
tolerance should be +10% or better.

Tolerance of ungapped core permeability limits minimum gap
sizefor center leg gapping. For an EE13 coresize, thepractical
minimum center leg gap size, for anoverall primary inductance
toleranceof +10%, is~0.08 mm. Thisvarieswith coresupplier,
so this should be verified before committing to a design.

| 4
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Other gapping techniquesallow tighter tolerances, but may not
be universally supported, so again, this should be verified with
the preferred magnetics vendor. Film gapping, where thin
material spacesall threelegsof thecore, allowsbetter mechanical
toleranceand improvesoverall primary inductancetol eranceto
+7%witha0.05mmgap. Sinceagap now appearson theouter
legsof thecore, flux spraying may result, causing pick upinthe
input filter components and resulting in poorer than expected
conducted EMI. Thiscan beprevented, if necessary, by adding
a single shorted turn of copper foil around the outside of the
transformer core aso known as a“belly band.”

Core gaps should be uniform. Uneven core gapping (see
Figure 8), especially with small gap sizes, may cause variation
inthe primary inductance with flux density (partial saturation)
and make the constant current region nonlinear. To verify
uniformgapping, itisrecommended that the primary switching
current waveshape be examined while feeding the supply from
aDC source. The slope is defined as di/dt = V/L and should
remain constant throughout theM OSFET ontime. Any change
in slope of the current ramp isan indication of uneven gapping.

Verifying Discontinuous Mode Operation

To verify adesign will remain discontinuous conduction mode
under worst case condition use Equation 27:

2x lomax) * fsmax) X Lpavax) Ne
Dx(1-D) XVDC(MIN) Ng

(27)

Wherelo(MAX) istheoutput current (A) at maximum CCtolerance
(typically 1o, + 20%), fq .y, 1S the maximum LinkSwitch
switching frequency (Hz), L, ., istheprimary inductance (H)
at maximum tolerance, D is duty cycle at minimum input
voltage (typically 0.3 at 85 VAC or 0.13 a 195 VAC) and
Vv the minimum DC voltage at lowest input line voltage

DC(MIN

(typically 100 VDC for 85 VAC and 230 VDC for 195 VAC).
Effect of Output Cable

Factors such as |leakage inductance, thevaluefor R _, R, and
Ceauphavebeencovered. However, thereareother parameters

that should be considered when designing with LinkSwitch.

If thegauge of wireselected for theoutput cableisreduced, then
the voltage drop across the cable resistance will increase. As
seen at theload, this appearsas poorer CV operation and lower
efficiency, but with the CV/CC transition at the same output
current (seeFigure9). Ensurethat thevoltagedrop or resistance
of the output cable is acceptable.

Reducing No-load Voltage with a Pre-load

At very light loads (< ~5 mA), the output voltage rises due to
secondary peak charging. This can be significantly reduced by
the addition of a small pre-load resistor. Figure 10 shows the
effect of a1 mA and 2 mA pre-load on a9 V output design,
reducing theno-load voltageby 1.3V. Thislevel of pre-load has
minimal effect on no-load consumption (~10 mw to 20 mW).

Minimizing No-Load Consumption

Themajor factorsfor no-load or standby consumptionareP, ,
and the capacitiveswitchingloss P, . (Equations9and 28). If
no-load consumption is too high, then the transformer may be

redesigned with alower V..

Total parasitic capacitance of deviceand transformer, typically
25 pFto 30 pF, causesaswitching lossthat increaseswith input
voltageand hasasignificant effect on standby or no-load output
power consumption.

2
x V, x f
PeLoss) = Cror 2MAx s (28)

V,,ax Istypically 340V for universal or 230 VAC applications
and f_ is 30 kHz at light or no load. Parasitic capacitance loss
Peoss IStypicaly 40mW to 100 mW. Thislossisnot included
inthe L, calculation asthis power isnot processed through the

core.

To minimize transformer capacitance, double coated magnet
wire should be used for the primary winding. Thetechnique of
vacuum impregnation should not be used sincethe varnish acts
as adielectric, increasing winding capacitance. Dipvarnishing
does not cause this problem.

An RC snubber placed across the output diode also increases
no-load consumption. If necessary, minimize the value of the

15 4

< ——No pre-load

s N - 1 mA pre-load

2 = = 2mA pre-load

E 12 A T T = N—

5

Q.

5

o

9 >
0 4 8 12

Output Current (mA) P1.3227.082202

Figure 10. A Small Pre-load can Significantly Reduce No-load

Voltage.
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capacitor used. If anultra-fast diodehasbeen selected, try afast
diode as this may allow the snubber to be removed.

Correct Oscilloscope Connection

To prevent the additional capacitance of an oscilloscope probe
fromtriggering the LinkSwitch current limit, do not connect the
scopegroundtothe SOURCE pin. Thescopeshoul d beconnected
asshowninFigure 11 to measure sourceto drain voltage. Since
the scopeisreferenced to the DC rail, an isolation transformer
must be used.

Improving CV Tolerance with Optocoupler

The schematic in Figure 12 shows an example of adding a
secondary reference and optocoupler toimprove CV tolerance
across the entire load range. The voltage drop (sense voltage)
across VR1, U1 and R3 sets the nominal output voltage. The

feedback resistor R is split into two to form a divider which
limits the voltage across the optocoupler phototransistor. The
optocoupler therefore effectively adjusts the resistor divider
ratioto control theDC voltageacrossR2 andthecurrentintothe
CONTROL pin. For an output tolerance < +5%, VR1 should be
replaced by areference IC (TL431).

A full description of the operation with an optocoupler can be
found in the LinkSwitch data sheet.

Single Point Failure Testing

The LinkSwitch circuit requires few considerations for single
point failure testing. Breaking the feedback loop by opening
either R ., D e OF Ry, resultsin LinkSwitch entering auto-
restart. Under this condition, the secondary output voltage will
rise but the output power is limited to ~8% of normal. This

prevents the output capacitor from failing catastrophically. If

Isolation
Transformer
Line © ?”g O—\WW\—¢
Neutral & O
Earth Ground o Z|S %

"

P1-3164-032403

Figure 11. Correct Method of Connecting an Oscilloscope to Measure Switching Waveform.

LinkSwitch
R b S . - O VYouTt
c c1
0—-|_ R3
< C2
Rig o U1 L
R q § g FA <R4
R1=R2= % F4 >
DIA
VR1
t U1
R2 E; T C3 NS
o — ¢ —1 . ° O RTN
P1-3222-082202

Figure 12. Power Supply Outline Schematic with Optocoupler Feedback.
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desired, a0.5 W Zener can be added acrossthe output to clamp
this voltage rise. The Zener voltage should be set above the
normal maximum output voltageat no-load. Short circuiting or
opening C_, safely prevents LinkSwitch operation.

However, on opening of C_ .. LinkSwitch does not enter
auto-restart. The output voltage may rise unacceptably high
under thiscondition and causethefailureof theoutput capacitor.
Asthe supply delivers full power, output clamping requires a
Zener power rating equal to or abovethenominal output power.

Adding a second capacitor in paralel to C_ , . prevents this
problem. When C_ , . is open circuited the second capacitor
acts as C ,,,» This second capacitor can be a small value
ceramic (0.01 uF) capacitor since during normal operation

CeLamp dominates the parallel combination.

Appendix A—LinkSwitch LNK500/501
Tolerance Analysis

Output Characteristic Tolerances

Boththedevicetoleranceand external circuit governtheoverall
tolerance of the LinkSwitch power supply output characteristic.
For atypical design, the peak power point tolerances are +10%
for voltage and £20% (LNK501) / +25% (LNK500) for current
limit. Thisistheestimated overall variation dueto LinkSwitch,
transformer tolerance and line variation in high volume
manufacturing.

Thisappendix provides expressionsto allow the cal cul ation of
expected circuit variation when in high volume manufacturing
for a design employing a LNK501 as shown in Figure 3.

The same analysis can be extended to the LNK500. The only
significant differenceisawider 1%f tolerance (+12% compared
to +6% for LNK501) and associated increasein Al/AV to +3%.

Constant Current Limit

Thepeak power point prior toentering constant current operation
isdefined by themaximum power transferred by thetransformer.
SinceLinkSwitchisdesigned to operatein discontinuousmode,
the power transferred is given by the expression
P=1/2L 1f, whereL istheprimary inductance, | isthe primary
peak current and f is the switching frequency.

Tosimplify analysis, thedatasheet parameter table specifiesan
1%f coefficient. Thisisthe product of current limit squared and
switching frequency, normalized to the feedback parameter
|- Thisprovidesasingleterm that specifiesthe variation of
the peak power point in the power supply due to LinkSwitch.

Additional variations are summarized in Table A1, as both
random (unit-to-unit) or statistically independent variations

: . Random |Biases +
Variable |Biases|Random| Al/AV + AUAV |Random
Primary 0 0 0
Inductance - +10% [+£2.5% | +12.5%
1°f - 6% |+1.5%]| =7.5%
Input Line +3.2% +3% - +3%
CC Linearity - +2% - +2%
Tj
(25-65°C) |*1:5% |~ - -
Totals +4.7% +15% [ £19.7%

Table A1. Sources of CC Tolerance.

and biases or deterministic variations (apparent inasingle unit
when tested). Thisdistinction is made since random variations
are added using the root-sum-squares method, whereas biases
adddirectly. A further column(AI/AV), applicabletothel?f and
L, terms, contains the value including the effect of the change
inoutput current with output voltage. Thisisnecessary because
the CV slopeis nonzero. Therefore, for example, if the peak
power increases, the voltage at the new peak power point tends
to be lower, further increasing the output current.

Thefigureof £19.7%in Table Alistheoverall variation of the
CCregion.

Itisimportant to notethat thefigure of +2%for constant current
linearity (the straightness of the constant current characteristic)
is only valid for designs close to 3 W output power, with a
primary inductance of ~3 mH. This is due to the internal
compensationfor draincurrent di/dt variationsover linevoltage.
Thiscompensationwasarranged to correctly compensate, over
aline voltage range of 85 VAC to 265 VAC, with a primary
inductanceof 3mH. Inlower power designs, wheretheprimary
inductance is lower, an error results which increases the non-
linearity in the CC curve.

Output diode of choice also effects CC linearity. Thevauein
Table Al is based on a Schottky diode. The slower forward
recovery time of aPN diode can cause the CC characteristic to
bend outwards with falling output voltage.

Constant Voltage Operation at Peak Power Point

During CV operation, the output characteristic iscontrolled by
adjusting the duty cycle, based on the voltage V_, across
capacitor C ., (Figure1). A number of parametersdefinethe
actual output voltage, and therefore, the tolerance of the output
voltageat thepeak power point. Thekey parametersto consider
are:

* Current variation through R_, dueto line voltage variation

C(IDCT)

e CONTROL pinvoltage - V
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* Output diode forward voltage - V

* Current variation through R_, due to CONTROL pin
voltage tolerance at 30% Duty Cycle(l

* Feedback resistor tolerance - A%,

DCT)

Each of the key parameters above is examined in turn.

The most significant variation in the output voltage is the
change with input line.

The voltage across R is defined at |, corresponding to a
30% duty cycleat low linevoltage. At higher linevoltage, the
CONTROL pin current increases and the voltage across R_,
increases. ThechangeinvoltageacrossR,, AV, o, depends
on the changein duty cycle ADC, the corresponding changein
CONTROL pincurrent Al . (mA) and thevaue R, (kS2). The
change in CONTROL pin current for a given change in duty

cycle can be found from a curve in the LinkSwitch data sheet.

AVRFB(LINE) = Alc x Reg (A1)

For auniversal input voltagedesign, ADC fromlow lineto high
line is typically 0.2 (0.09 for a single input design) giving a
change in CONTROL pin current of typically 0.15 mA.
Thevaueof AV pesimg should be expressed as a percentage of
V, to give the variation at the power supply output. The
expression for line variation (at the peak power point) is
therefore:

AVrea(uing) % 100% (A2)

A% ==+
LINE 2% VFB

The CONTROL pin voltage V ioen is specified at a current
equa tol ., giving aduty cycle of 30% for atypical design at
the peak power point, at 85 VAC input. The tolerance of this
parameter includestemperature variation and can beread from
the data sheet directly. Since the output voltage is actually
controlledusingV _,, thevariation of V , must beexpressed

FB’ e ([ole1) Rt
asapercentage of V_,. The expression for thisis given by:

Veqoenymax) = Veuoen(mv) | 10006
Vs

A%ycqpcr) = *
(A3)

Any variationintheoutput diodeforward dropwithtemperature
will cause a change in the output voltage. Expressing as a
percentage of V | gives the expression:

A%\pout = = sz'jﬂ x 100% (A4)
(6]

Typical valuesfor thechangeinforwardvoltagefor atemperature
change of +50 °C are +0.1 V for a silicon PN diode
and +0.025 V for Schottky diode. For device-to-device
variations, please consult diode manufacturer.

Any changein the current through R_;, due to the tolerance of
the CONTROL pin current at 30% duty cycle, I, will also
causeachangeintheoutput voltage. Thechangeinthevoltage

across R, (k) dueto the tolerance of I . (MA) isgiven by:

Iperimaxy = Ioerming < Re
B

AVreg(iper) = = > (A5)
Expressed as a percentage of the voltage across V., the
variation is:

AV,
A%, per = = —2UPCT) . 100% (A6)

FB

Theoverall variation canthen beestimated using theexpression:

AY%cy = =A%, g = A%ypout

2
A%yc(pery + (A7)

2 2
AY%\per + A%gep

Using the design shown in Figure 3 as an example:

A%\cqper) = * % x 100% = +0.46%
’ (A8)
A%ypout = = 0025V 1009 = +0.23%
2x55V (A9)
AV, =0.15mA x205kQ =31V
RFB(LINE) (A10)
A%, e = = 2354% x 100% = +2.9%
. (A11)
2.36 MA - 2.24 mA
AVRFBUDCT) ==+ 2 X 205 kg
=123V (A12)
123V
A%IDCT =z XY, x100% = +2.27% (A13)

Thetolerance of R1 (R_,) is 1%.

Aoy = £2.9%+ 0.23% = 1 (0.467 + 2.27° +12)
= +2.9% = 0.23%+ 2.52%
= +5.65%

(A14)
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The overall tolerance is the sum of the deterministic variation
due to the change in line voltage and the change in the output
diodeforward voltagewith temperature, together with theroot-
sum-square addition of the statistically independent circuit and
device variables.

In Equation A14 the A%, . term (x2.9%) is the expected
changeinoutput voltagefor achangeof +t90VACat 175VAC,
the mid point of the specified input voltagerange of 85 VACto
265 VAC.

Equivalently, starting withthereferenceas85 VAC, the output
voltage would increase +5.8% (twice 2.9%) when the input
increases to 265 VAC.

The analysis above is for a specific example, factors such as
diode choice, temperature range and output voltage can result
inalarger tolerance. However, for most casesthe designer can
be confident the overall tolerance will be <+10%.

Notethat all of the abovetolerancesother thanR_; and V.,
arecompensated or accountedfor inthepreviousanaysisof CC
tolerance. Thecontributionsof R, and V..., sincethey are
unit-to-unit tolerances, have avery small influence (<0.1% on
the total sum of unit-to-unit tolerances).

Constant Voltage Operation Below Peak Power Point

As the output load reduces from the peak power point, the
output voltagewill tend to rise dueto tracking errors compared
totheload terminals. Sourcesof theseinclude the output cable
drop, output diode forward voltage and leakage inductance,
which is the dominant cause.

Astheload reduces, the primary operating peak current reduces,
together with theleakageinductance energy, which reducesthe
peak charging of C_ , .. With aprimary |eakage inductance

figureof 50 uH, the output voltagetypically rises40%fromfull
to no-load.

Appendix B: Considerations When
Designing With Low-Side
LinkSwitch LNK520 Devices

Introduction

The LNK500/501 and LNK520 differ in the circuit location of
the LinkSwitch device. The LNK500/501 isdesigned for high-
sideoperationandtheLNK520isdesignedfor low-sideoperation
withabiaswinding. Thel ow-sideconfigurationreducescommon
mode EMI as the source is connected to the quiet primary
return. This reduces the variation in EMI performance as the
PCB layout is altered and allows the source heatsinking PCB
area to be maximized without EMI penalty. In addition, the

switching characteristic of the LNK520 has been optimized,
reducing radiated EMI by up to 5 dB. A summary of the
comparisons between the two familiesis shown in Table B2.

LNK520 QUICK START

Figure B1 showsthe key parameters and components
needed to generate an initial LinkSwitch LNK520
design. Where initial estimates can be used, they are
shown below the parameter they refer to.

1) LetV,,equal 50 V.
Standby losses increase with increasing V., due
to primary parasitic capcitance (see Equation 28)

2) LetV,, equall5Vto25V.
CC regulation improves but standby losses
increase with increasing bias voltage.

3) Define the transformer turns ratio according to
Equation 5. If no better estimates or measure-
ments are available, then let V__ equal 0.7 V
foraSchottkyor1.1VforaPNdiode,R_,; . equal
0.3Q,R,..equal0.15Q, ISEC(RMS) equal 2x1,, and
lsecpear) €0Ual 4 X 15, where | is the desired CC
outputcurrentand Vis the desired output voltage

at the CV/CC transition point.

4) Calculate Poern according to Equation 13. As an

initial estimate for P____ use 0.1 W.

5) Calculate L, according to Equation 14 and other
transformer parameters from Equations 15, 16,
17, 18 and 19. Increase value from Equation 14
by 4%.

6) Calculate value for feedback resistor R,
according to Equations B3, B4, B5, B6, and B7.
This should be 1/4 W, 1% part.

7) Setbias capacitorC_,.as 1.0 uF, 50V aluminum

electrolytic type.
8) SetR_ . as 100 Q, 1/4 W, select the largest
R and smallestC tokeepV  <BV . at

CLAMP1 ; CLAMP
maximum line voltage, peak output power.

9) SetR . as 200 Q for high leakage inductance or
15 Q for low transformer leakage values.

10) Set CONTROL pin capacitor C_, to be 0.22 uF,
10 V for battery loads or 1 uF, 10 V for resistive
loads.

BIAS

11) Selectinput and output components. See Figure
B1 and relevant sections.

12) Construct prototype.
13) Iterate design (see Hints and Tips section).

Table B1. LNK520 Quick Start.

|
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(Optional)
Rsnup Csnus
10-100Q 10-100 pF
L1
D1-D4
680 uH - 2.2 mH
1N4005 288 mA RMS + Versec — + VreasLe —
1A, 600V o Np:Ns
A . r OAA-O
Reiavpt _L CeLavp Rgec D RcasLe
0 kQ- S 100-2000 pF e 0190/ 07viT1vV 0.2 Q/
500 k@ < s00V,, - * 0150 |, o3e L,
OR
4w L °F Vsec Cour 3 Load I:I Vo
RF1 R . - 2 z
850 C(I)_OAMPZ N RpreLoan
L 2W 100 Q f |SEC(RMS)’“~2 xlg (Optional)
O—\WA—e sec(PEAK) X lo N
D O
CLAMP
AC 1N4007GP
Input >~ C1+C2 1~ -
3 uF/wW VBias Ng
N or 1 uF/wW +
O
* Vogias ™ Caias
LinkSwitch V 1uF
U1l 4 Dgias 50V
JAN JAN + L HNKS20 0-300 @ '
Vo T <—ler ., 1N4937 + Vo —
_ vy
Reg
S Cep
1_220 NF/1 uF
PI-3699-021904
Figure B1. Key Parameters for an Initial LinkSwitch LNK520 Design.
Family LNK500/501 LNK520

Considerations

» Lowest cost CV/CC implementation

e Source is connected to the switching
node — simple circuit configuration & low
component count

 Fast switching speeds minimize losses
for best efficiency

e Source PCB copper heatsink connected
to switching node — size should be
minimized to limit noise

* No bias winding required — simplest
circuit configuration

 Perfect for linear replacement in
applications where additional system EMI
shielding or filtering exists

e Very low cost CV/CC implementation

e S

ource connected to quiet low-side

primary return - easy layout & low noise
(low-side configuration only)

Optimized switching speed — reduces
radiated EMI by up to 5 dB (Figure 13)

Source PCB copper heatsink connected
to primary return — area can be
maximized for higher power without
noise (low-side configuration only)

Bias winding required — allows higher
V,on increasing power capability (low-
side configuration only)

Perfect for systems where no additional

filtering or shielding exists

Summary

The LNK500/501 is recommended for cost
sensitive applications in larger systems
with existing EMI filtering (e.g. white
goods).

The LNK520 is recommended for both

stand-alone charger and adapter
applications, and larger systems where

EM

lighting).

| reduction is required (e.g. emergency

Table 2. Comparison of LNK500/501 and LNK520.
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PI-3733-021904
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Figure B2. Comparison of LNK520 and LNK500 Showing an
Approximate 5 dBuV Reduction in Radiated EMI.

Scope

This appendix is for engineers designing an AC-DC flyback
power supply using the LNK520 device, expanding on the
information already presented. Unless noted, designing with
the LNK520 is consistent with the LNK500.

For readers who want to generate a design as quickly as
possible, the Quick Start section provides enough information
to generate an initial prototype.

200.0

configuration requires the addition of a primary side bias
winding and filtering componentsto allow the output voltageto
besensed. Biasturns(N,) aresel ected tomaintainapproximately
20V at the nominal constant voltage (CV) peak power point.

Adjustment of the bias voltage and filtering components is
required to compensate for leakage inductance imbalance
between secondary and biaswindings, which varies according
to transformer construction. See the following sections for
detailson selection of clamp and feedback componentsrequired
in the Low-side configuration. An output pre-load of a few
milliamps may be necessary to reduce the no-load output
voltage.

Transformer Design
Follow LNK520 guidelines with the following exceptions:

1) V,rangeis40V to80V.

2) To correctly center the output peak power point over
temperature increase the calculated L, value by +4% at
85 VAC, -3% at 195 VAC.

3) Primary inductance tolerance (L) should be within +7.5%
(to meet CC tolerance of +20% for LNK521, +24% for
LNK520).

4) Use an initial value for secondary turns of 1 to 3 turns per
volt across the secondary winding. Calculate the number
of bias turns, rounding to the nearest integer, according to
equation B1, using an initial estimate for the bias voltage

CVICC Circuit Design of 20V and V ey = VotVoour-
. . . . N, = VBlAS N B1
The LNK520 circuit shown in Figure B3 serves as a CV/CC By, < s (B1)
charger example to illustrate design techniques. The low-side EC
5.5V, 500 mA
YY"\ Py . NI Py o
L1 P v
1 mH 39Félkgz b SHe 5 c6
D1 D2 S 11DQ06
1N4005 | 1Naoos | 015 A | 1aw 3 i¢ T 100 330 uF
1 6 RTN
RF1 H \d O
820 R2
LW 100 @
o—W\—e D5
1N4007GP c3
85 - 265 = = D6B R3 1uF
VAC C1l Cc2 1N4937 15Q 50V
47uF | 4.7 uF —|—
N 400V | 400V LinkSwitch _T1
O U1l EE16
LNK520p L =252 mH
D3 D4 c .
1N4005_| 1N4005 * Wy
l R4
cs 6.81k
T 220 nF 1%, 1/4 W
) - P1-3723-120203

Figure B3. Example LNK520 Schematic for a Typical LinkSwitch Charger.
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Using the design in figure B3 as an example:

N = VBIAS x NS
VSEC( EST)

_ 20V N (B2)
55V +0.7V)

=258
= 26 turns

Clamp, Bias, Bypass and Feedback

An RCD clamp network isformed by R , .01 Coiame Peiave
and R ., (Figure B1), safely limits the maximum drain

voltage to below the BV of LinkSwitch.

Feedback isderived fromthebiaswinding voltage (V o), that
closely approximates the secondary winding voltage (V)
multiplied by thebiaswinding to secondary winding turnsratio
(Ng:Ng). Dueto the effects of leakage inductance (V ,,) the
actual V. may bedlightly different than calculated, causingan
error in the output voltage. To minimize this effect a bias
voltage higher than the output voltage is used (limited by no-
load consumption) and R _ together with C, . filter leakage
inductance generated voltage spikes.

BIAS

Thebiasvoltageisconverted by R_, to LinkSvitch CONTROL
pin current for duty cyclecontrol and bias. The CONTROL pin
capacitor C_, provides decoupling, control loop compensation,
andtheenergy storagerequired during start-up and auto restart.
Thelocationof D, may beonthepositiveor returnside of the
bias winding depending on if and how the bias winding is
configured as primary side core cancellation winding. Similar
considerationsapply toD,, . if ashieldwindingisused between
primary and secondary windings.

Feedback Resistor (R_;)

Tocalculatethefeedback resistor val uetheval ueof thefeedback
voltage must be determined. Using the schematic shown in
Figure B3 as an example. With primary turns N, = 100 and
secondary turns N = 8 the peak secondary current can be

calculated from equation B3, where I, ..., is equal to the
LinkSwitch typical current limit L mervey
Np
| sec(peak) = Ne x| pri(PEAK)
S
(B3)
= 100 x 0.254
8
=3175A

The secondary diode peak voltage was measured as 0.7 V, the
secondary winding resistance as 0.1 Q and the cableresistance
as0.2Q. ThereforeV . isdefined as:

Ve = Vo + VreasLe + Vbout + Vesee
= Vo +(lo x ReagLe) + Voour + (ISEC(PEAK) x Reec)
=55V +(05Ax02Q)+0.7V +(3.175A x0.1 Q)

=55V+01V+07V+03175V
=662V (B4)
Voltage V. allowsthe exact V , . to be calculated:
N
Veias = N_B x Ve
S
(BS)
_ % x 6.62
8
=215V

Resistor R, 1% 0.25 W resistor convertsthe bias voltageto
LinkSwitch bias and control current.

Feedback voltageV  iscalculated from V., theerror dueto
leakage inductance V ., and the voltage drop across D, ..

The value for V ., varies depending on the value of the
leakage inductance, the size of the filter resistor R . and the
forward drop of D, For the first prototype use a vaue of
between O V and 2 V for V _, . and 1V for V__ ..

Veg = Veias + Vieak — Vosias (B6)

Once a prototype has been constructed, the value of V_, can
be found directly, by measuring the voltage acrossC, , . at the
power supply peak power point using aDVM. By subtracting
Vioas and Vo from V_, the value for V ., can be
determined, useful as an estimate in future designs. For the
designshowninFigure B3,V _, wasmeasured as 20.7 V, giving

V e 8802V

Aninitia valuefor R iscalculated fromV

pin voltage V.., and current I,

LinkSwitch data sheet.

- the CONTROL
as specified in the

VFB - VC IDCT
Reg = %
DCT
_ 207V -575V (B7)
~ 215mA

=6.9kQ

Select the nearest standard val ue and adjust to center the output
voltage. The example in Figure B3 uses a value of 6.81 kQ
for R_,, centering the output voltage at the peak power point.
Note that R_, power dissipation should be taken into account
when calculating the no load power consumption.

Perg = (215mA)° x Reg = 3L mW (B9)

| 4
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Bias Filter Resistor (R ;) and Capacitor (C

BIAS)

Follow guidance for LNK520 with the following exceptions:

1) ThevalueforbiasseriesresistorR _issizedbetween0Q and
300 Q, depending on leakage characteristics of the
transformer. Larger resistor sizes are necessary to filter
leakage spike on the bias winding but will reduce the slope
in the CV region. Increased R _ will result in a dlight
reductioninauto-restart and “ discharged battery” minimum
start-up voltage.

2) C,, s Capacitorisal uF, 50 V Aluminum electrolytic type.
Thevoltagerating is consistent with the 20-30 V maximum
seen across the biaswinding. Thisforms an effectivefilter
with R _ for bias leakage voltage spikes and improves
CV/CC performance.

3) Dy, Can be asignal diode such as the 1N4148 or BAV20
with suitable voltage rating. For lower radiated EMI a
dower diode such asthe 1N4937 may be considered, which
also improves regul ation.

Primary Clamp Resistors (R
(D ) and Capacitor (C

), Diode

CLAMP1’ RCLAMP2

) *
CLAMP. CLAMP-

Diode D, ,,,» Can be a normal, fast or ultra-fast recover type
withat least a600V breakdown voltage. Slow recovery diodes
(IN400X) arepreferred asthey offer better light and noload CV
regulation and reduce EMI. However they should be glass
passivated and used with a series resistor (R, ,,,,) 10 damp
ringing and prevent reverse pull out current, this also further

reduces EMI.

The clamp resistor R ,,,-, IS required to dissipate stored
leakage energy between subsequent switching cycles.

CeLaup limits the peak drain voltage and should be sized
between 100 and 2000 pF, 500 V. C_ ,,,» Capacitor can below
cost disc ceramic-type. Asagenerd rulethevalueof theC .
should beminimized andthevalueof R , ., maximized while
still keeping the peak drain voltage (at highest line voltage)
below BV ..

Secondary Snubber Resistor (R
(C

swe) and Capacitor

SNUB) *

A secondary diode snubber may be required to attenuate
conducted EMI, especially in the high frequency band. C .
should beintherange 10 and 100 pFand R, between 10 and
100 Q, 1/8 Q.

*Sizing of primary clamp and secondary snubber components
may requireiterativeanalysisto minimizeno-load consumption
and no-load output voltage.

Hints and Tips

Improving CV Tolerance with Optocoupler

A secondary reference and optocoupler may be added to reduce
the CV tolerance, maintained over the full output load range.
Figure B4 shows an example using a Zener (VR1) as the
secondary reference. During CV operation, R_, is bypassed by
U1 andthe output voltageisdefined by thevoltageacrossVR1,
R, and the LED of U1.

Resistor R, is selected to bias VR1 close to its specified test
current. It may also be used to center the output voltage.
Resistor R, isoptional and limitsthe current through U1 when
thereisalarge output ripple.

Beyond the peak power point, the output voltage falls and no
current flowsthroughVR1 or U1. Thepower supply istherefore
inCCoperationand CONTROL pincurrentisprovidedthrough
feedback resistor R_..

The initia value of R_, is calculated using Equation B9, the
same cal culation whether or not an optocoupler is used.

Appendix C: Low Side LinkSwitch
LNK520 Tolerance Analysis

Output Characteristic Tolerances

The tolerance analysis for the LNK520 follows the same
approachasusedfor theLNK500/501, asdescribedin Appendix
A. Assuch only a summary of the analysisis presented here,
highlighting differences between the LNK520 and
LNK500/501 devices. Table C1 and C2 provide the overall
constant current tol erance valuesand Equation C8 providesthe
voltage tolerance of the peak power point, for the design in
Figure B3.

Constant Current Limit (CC)

Key differences from LNK500/501 analysis.

» Primary inductance tolerance
Based on feedback from customersand transformer vendors
the primary inductance has been reduced.

* AlAV terms
Improved regul ation when using abiaswinding hasreduced
AlAV terms.

» Biases due to temperature, CC linearity and temperature
Devicebiaseshavebeenlumpedinto asingletermof +7.9%.
Note: variation due to temperature has a larger negative
coefficient than positive but has been centered here for
simplicity. In practice when optimizing the design at room
ambient and 85 VAC the peak power point should be
adjusted to 4% higher than the desired nominal CC output
current.

|
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Figure B4. Example of LNK520 with Optocoupler Feedback.

. . Random |Biases +
Variable |Biases|Random| Al/AV + AUAV |Random
Primary 0 0 0
Inductance - +7% [+£1.1%| +8.1%
Ri - +11% [+1.7%| «12.7%
Input Line +3% - +3%
CC Linearity |£7.9% | 2% - +2%
Ti (25-65°C) - - -
Totals +7.9% +15.5% | +23.4%

Table C1. Sources of LNK520 CC Tolerance.

Constant Voltage Oper ation at Peak Power Point

During CV operation, the output characteristic is controlled by
adjusting the duty cycle, based on the voltage V_, across
capacitor C, . (Figure B1). The key parameters defining the
output voltage are the samefor LNK500/501 and LNK520 and
therefore the analysis provided earlier (equations A1 through
A7) isvalid. Using the design in Figure B3 as an example and
values from the LNK520 data sheet parametric table:

A%cy = =A% ng = A%ypout *

0, 2 0, 2 0, 2 Cl
A%ycqipery + A% per + AYogeg
A%ycqper) = = % x100% = £1.25% C2

AVieg(Ling) = 0.15MA x 6.81kQ =1.02V C3
A%ypouT = % 20><0§55 x 100% = +0.23% C4
A% ne = = % x 100% = =2.55% C5

X

2.15mA-2.06 mA

AVeeg(iper) = * x6.81kQ = +0.31V
2 C6
A% per = = 0;1 v x 100% = +1.53% Cc7
The tolerance of R4 (R,) is 1%

f 2 2 2

A%y = =255%=0.23%= , (146 +153 +1
— +2.55% + 0.23% = 2.34% c8

=+5.12%

| 4
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