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Introduction

Thisapplication noteisfor engineers starting aflyback power
supply design with TOPSwitch-I1. It offersaquick method to
select the proper TOPSwitch-11 device from parameters that
areusually not availableuntil muchlater inthedesign process.
The TOPSwitch-11 Flyback Quick Selection Curves provide
the essential design guidance.

Efficiency and TOPSwitch-1I power dissipation are two
important performance parameterstotheflyback power supply
designer. Both can beeasily measured or accurately estimated
after the power supply is designed. But what if the designer
must make project and resource decisions before actually
committing to and starting development? This application
note helps the designer quickly select the optimum
TOPSwitch-11 devicefromsimplecurvesof estimated efficiency
and TOPSwitch-11 power dissipation.

Typical Power Supply Losses

Power supplieshaveaninput power which, because of internal
dissipation, can be significantly higher than the output power.
Efficiency, defined astheratio of output power to input power,
indicates how much power is dissipated in the power supply.
In the typical TOPSwitch-I1 flyback power supply shown in
Figure 1, most of the power dissipation occurs in output
rectifier D2, Zener diode VR1 (or equivalent clamp circuit)
and the TOPSwitch-11 device. Other components, such as
output filterinductor L 1, input common modeinductor L 2, and
bridgerectifier BR1, contributelesser power dissipationterms.

Overview of Quick Selection Curves

The TOPSwitch-11 Flyback Quick Selection Curves consider
these dissipation terms (and others as well) to provide a good
estimate of expected efficiency for both Universal input and
230VACmainsapplications. Figure?2 (for +12V outputs) and
Figure 3 (for +5V outputs) show aset of curvesfor efficiency
and TOPSwitch-11 power dissipation versus output power for
the entire family of TOP221-TOP227 devices. These curves
assumeoperationfromalow line ACinput voltageof 85VAC,
which is a suitable value for all Universal input applications.

QUICK START

1) Determine which graph (Fig. 2, 3, 4 or 5) is
closest to your application.
Example: Use Figure 2 for Universal input,
12 V output.

2) Find your power requirement on the X- axis.

3) Move vertically from your power
requirement until you intersect with a
TOPSwitch-II curve (solid line).

4) Read the associated efficiency on the
Y- axis.

5) Determine if this is the appropriate
efficiency for your application. If not,
continue to the next TOPSwitch-II curve.

6) Read TOPSwitch-1l power dissipation from
the dashed contours to determine heatsink
requirements.

7) Start the design. Use the Transformer
Design Spreadsheet from AN-17.

Note: See Selection Curve Assumptions for limits of use.

For higher nominal mains voltages, including 208, 220, 230,
and 240V AC, alowline ACinput voltage of 195VAC isused
togeneratesimilar curvesfoundinFigure4 (for +12V outputs)
and Figure 5 (for +5 V outputs). For all curves, the maximum
AC mains voltage is assumed to be 265 VAC.

For each TOPSwitch-11 device, afamily of efficiency curves
(solid lines) is plotted on the Y-axis as a function of output
power on the X-axis. TOPSwitch-1I power dissipation is
plotted separately on the same graph as a family of constant
power dissipation contours (dashed lines).
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Figure 1. Typical Flyback Power Supply Using TOP224.

Selecting the Right TOPSwitch-lI
Using Figures 2,3,4and 5

First we use the Power versus Efficiency curves to find the
efficiency of the power supply for each TOPSwitch-I1 device
that will deliver the output power. Then we estimate the
TOPSwitch-11 loss from the contours of constant power
dissipation.

Start with the output power of the application on the X-axis.
Movevertically to theintersection with thefirst TOPSwitch-11
curve and then read the efficiency directly from the Y -axis.
From the same intersection point on the TOPSwitch-11 curve,
interpolate the TOPSwitch-11 power dissipation from the
constant power dissipation contours.

Some output powers can be delivered by more than one
TOPSwitch-11 device. When moving vertically from the X-
axis, thefirst curve encountered will befor thesmallest, lowest
cost TOPSwitch-11 device, while the last curve will be for the
largest, most efficient TOPSwitch-11 device suitable for the
desired output power.

Example 1: 30 W Universal Application

Assumea+5V applicationrequires30 W of output power from
Universal input voltage. From the curves in Figure 3, the
TOP224 can deliver 30 W with an estimated Y -axis efficiency
of 71%. The projected TOPSwitch-11 power dissipation is
approximately 2.5W. The TOP225 can also be used with an
expected efficiency of 75% and interpol ated power dissipation
of approximately 1.7 W. With these curves, aheat sink can be
selected or evaluated immediately because an estimate for
TOPSwitch-11 power dissipation is now available before the
design is even started!

Example 2: 30 W Application from 230 VAC
Consider a+12V output at 30 W from 230 VAC input. Figure
4 shows the TOP223 is the optimum device with an expected
efficiency slightly over 85% and power dissipation of
approximately 0.75 W.

Example 3: TOPSwitch-1l Temperature

It is easy to estimate the junction temperature T, of the
TOPSwitch-11 from the ambient temperature T, and the
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effective junction to ambient thermal impedance 6,,. This
technique worksfor any TOPSwitch-11 package aslong asthe
overall thermal impedance is known, which includes the
selected TOPSwitch-Il1 thermal impedance, the thermal
interface to a heatsink, and the effective thermal impedance
of theheatsink itself. For example, withaTOP225 dissipation
P, of 1.7 W, ambient temperature T, of 40 °C, and overall
thermal impedance 6, of 20 °C/W, the maximum
TOPSwitch-11 junction temperature T, can be found as
follows:

TJ = TA+(PD XQJA)
=40°C+(1.7Wx 20 °C/W)=74°C

Thedesign should limit T tolessthan 100 °C at the maximum
ambient temperature.

Available Power

The minimum AC input voltage has a strong influence on the
choiceof TOPSwitch-11 devicefor agiven output power. If the
minimum voltage is increased above the values assumed for
the curves in Figures 2 through 5, then more power will be
available from each TOPSwitch-11 device.

We can use the Output Power Ratio Curvesin Figures6 and 7
together with the original curves of Figures 2 through 5 to
determine the available power for different input voltages.

Figure 6 gives a ratio curve for 230 VAC mains at low line
while Figure 7 shows a similar curve for low line Universal
mains applications.

Adjusting for Minimum Input Voltage
Using Figures 6 and 7

To use the power ratio curves, start on the X-axis with the
desired minimum AC input voltage. Move vertically to the
intersection with the curve. Read the value of the power ratio
fromthe Y -axis. The effective output power at the originally
assumed minimum mainsvoltage of 85or 195 VAC issimply
the actual required output power divided by thisratio.

The effective output power at 85 or 195 VAC mainsvoltageis
used as the X-axis value for the curves given in Figures 2-5.
Theeffective output power at 85 or 195 VAC will generatethe
same TOPSwitch-I1 1oss (obtained from the curvesin Figures
2-5) as the actual required output power at the modified AC
input voltage. Thisratio also scalesthe primary inductanceto
avalueappropriatefor thedifferentinput voltage. Theoriginal
curvesare derived from thetypical valuesin Table 3, whichis
discussed later in this application note. In addition,
TOPSwitch-11 duty cyclelimitationsrequirealinear reduction
inreflected voltageV . for AC mainsvoltagesbelow 85 VAC,
asshownin Figure 7.

Example 4: Input Voltage Adjustment

Suppose an application for only the US market requires 35 W
of output power at +12 V. The lowest AC input voltage is
typically 90% of 115VACor 103.5VAC. Findthepower ratio
fromFigure7tobe 1.15. Theeffective output power, obtained
by dividing the actual output power by the power ratio, is

Effective Output Power = 315—1\/5\/ =304W

Table 1. Power Supply Parameters Independent of Input Voltage
and Output Power.

PARAMETER VALUE 85 VAC 195 VAC
Switching Frequency (f.) 100 kHz Optocoupler
LED Current 3.5 mA 5.0mA
Transformer Reflected Voltage (v.) 135V
Optocoupler
: . 5.0 mA
Clamp Voltage (V. e 200V Transistor Current 3.5 mA
Output Schottky Rectifier Table 2. TypicaI_Power Supply Parameters that Change with
Forward Voltage (v,) 04V TOPSwitch-11 Duty Cycle.
Primary Bias Voltage (v,) 6V
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TYPICAL POWER SUPPLY COMPONENT PARAMETERS
PARAMETER UNITS | TOP221|TOP222 | TOP223 | TOP224 | TOP225 | TOP226 | TOP227

Transformer Primary Inductance uH 8650 4400 2200 1475 1100 880 740
Transformer Leakage Inductance
(referred to the primary) uH 175 Q0 45 30 22 18 15
Transformer Resonant Frequency

. 450 500 550 600 650 700
(measured with secondary open) kHz 400
Transformer Primary
Winding Resistance mQ 5000 1800 650 350 250 175 140
Transformer Secondary Resistance mQ 20 12 7 5 4 35 3
Out_put Capacitor Equivalent mo 30 24 18 15 13 115 10
Series Resistance
Output Inductor DC Resistance mQ 40 32 25 20 16 13 10
Common Maode Inductor
DC Resistance mQ 400 370 333 300 267 233 200

Table 3. Typical Power Supply Component Parameters for TOPSwitch-11 Flyback Power Supply.

This effective output power is then used with the curvesin
Figure 2 to select the TOPSwitch-11 device and to estimate the
TOPSwitch-11 dissipation. Predictionsof efficiency and power
dissipation may be less accurate when the ratio isused. The
new value of primary inductance is the product of the power
ratio and original inductance value in Table 3. The new
inductance value for the TOP224 would be:

L, =1475 uH x1.15=1696 uH

Selection Curve Assumptions

Several physical power supply parameters must be cal cul ated,
estimated, or measured to determine efficiency. Measured
values can differ significantly from the curves' predictionsif
the design parameters are not the same as the typical values
used to generate the curves.

Typical valuesaregivenin Table 1 for several parametersthat
are independent of power level and input voltage. These
parameters are defined and discussed in AN-16 and AN-17.

Typical values are given in Table 2 for two parameters that
depend only on input voltage. These parameters change with
TOPSwitch-11 duty cycle.

The remaining power supply parameters depend on the output
power. Table 3 givestypical valuesfor the power-dependent
parameters

Input Capacitance

Efficiency and output power are both strong functions of bulk
energy storage capacitor C1. For the Universal AC Mains
curves, thenumerical valueof C1in microfaradsisassumed to
beat | east threetimesthe maximum output power in watts. For
230 VAC mains, the C1 value (uF) is assumed to be at least
equal to the maximum output power (watts).

For example, for 30 W of output power, thebulk energy storage
capacitor C1 is expected to be at least 90 puF for Universal
mainsand 30 uF for 230 VAC mainsapplications. Thedesign
must consider the tolerance of the capacitor to guarantee
expected performance from the power supply.

B
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Lower values of input capacitance will reduce the available
output power. Going from 3to 2 uF per watt will decrease the
output power by as much as 15% for Universal input. The
available power fallsdramatically for valueslessthan 2 uF per
watt.

Thevalueof capacitor C1 also determinesthe average val ue of
the DC bus voltage. The Universal VAC Mains curves in
Figures 2 and 3 were generated with an average DC busvalue
of 105VDC whilethe230VAC Mainscurvesin Figures4 and
5 were generated with an average DC bus value of 265VDC.

Other Considerations

Curvesinthisapplication noteweregenerated fromthetypical
power supply parametersin Tables 1, 2 and 3. If measured
efficiency in a particular TOPSwitch-I1 application does not
agreewith the values predicted from the curves, it islikely the
physical parameters of the measured power supply do not
match the tabular values. Use the guidelines below to get best
agreement between measurements and predictions.

» When measuring efficiency from an AC source, use an
electronic wattmeter designed for average input power
measurements with high-crest factor current waveforms.
Do not simply measure RM Sinput voltageand RM Sinput
current. The product of these two measurementsisinput
volt-amperes or input burden (VA), not the real input
power in watts.

» Use a DC voltage source to prevent AC ripple voltage
from modulating the duty cycle. Efficiency depends
heavily on actual DC input voltage. A convincing
experiment is to vary the DC voltage +£15 V to see how
efficiency varies over the range of expected AC ripple
voltage.

» Measuretransformer leakageinductanceaccurately. Take
into account inductance of external circuitry, which can
increase effective leakage inductance by 30% or more.

» Measureswitching frequency accurately for theindividual
TOPSwitch-11 in the circuit to account for component-to-
component variations.

* Verify actual clamp voltage. Effective clamp voltage can
be230VDC or higher, eventhough the clamp Zener diode
is specified to be 200 V. See AN-16 for details.

Determine which physical power supply parameters do not
match the typical valuesin Table 3. Change (temporarily) to
components that match the parameters in the table until
measured efficiency matches the predicted value.
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UNIVERSAL INPUT (85 VAC TO 265 VAC) 12 V OUTPUT
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Figure 2. Typical Efficiency vs Output Power with Contours of Constant TOPSwitch-11 Power Loss for Universal Input and 12 V Output.

UNIVERSAL INPUT (85 VAC TO 265 VAC) 5V OUTPUT
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Figure 3. Typical Efficiency vs Output Power with Contours of Constant TOPSwitch-11 Power Loss for Universal Input and 5 V Output.
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SINGLE VOLTAGE INPUT (230 VAC +£15%) 12 V OUTPUT
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Figure 4. Typical Efficiency vs Output Power with Contours of Constant TOPSwitch-11 Power Loss for Sngle Voltage Application and
12 V Output.
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Figure 5. Typical Efficiency vs Output Power with Contours of Constant TOPSwitch-11 Power Loss for Sngle Voltage Application and
5V Output.
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POWER RATIO: SINGLE VOLTAGE (230 VAC £15%)

PI-2168-040498

. 115
2
> 11
[Te)
[e)]
—
= 1.05
£ /
T
x 1 <
o) /
2 095 ~
S /
5 09 y —\F;OUT -
g - - - Vor
O o085 1
140 160 180 200 220 240
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Figure 6. Power Ratio vs Low Line AC Input Voltage of Nominal

230 VAC.

POWER RATIO: UNIVERSAL INPUT (85 TO 265 VAC)
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Figure 7. Power Ratio and V_, vs Low Line AC Input Voltage for

Universal Input.
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